In-flight performance of the Soft Gamma-ray Detector (SGD) onboard
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Yasushi Fukazawa,"? Hiroyasu Tajima,? Shin Watanabe,*® Roger Blandford,® Teruaki Enoto,”
Andrea Goldwurm,® Kouichi Hagino,* Katsuhiro Hayashi*? Yuto Ichinohe,'® Jun Kataoka,'!
Junichiro Katsuta,! Takao Kitaguchi,! Motohide Kokubun,* Philippe Laurent,® Francois Lebrun,®
Olivier Limousin,® Grzegorz M. Madejski,® Kazuo Makishima,'? Tsunefumi Mizuno,? Kunishiro Mori,*
Takeshi Nakamori,'® Toshio Nakano,'? Kazuhiro Nakazawa,® Hirofumi Noda,'* Hirokazu Odaka,®
Masanori Ohno,! Masayuki Ohta,* Shinya Saito,'® Goro Sato,* Rie Sato,*

Shin’ichiro Takeda,'® Hiromitsu Takahashi,! Tadayuki Takahashi,*® Takaaki Tanaka,” Yasuyuki Tanaka,?
Yukikatsu Terada,!” Hideki Uchiyama,'® Yasunobu Uchiyama,'® Kazutaka Yamaoka,?® Yoichi Yatsu,'®
Daisuke Yonetoku,?® Takayuki Yuasa,'?

! Department of Physical Science, Hiroshima University, Higashi-Hiroshima, Hiroshima 739-8526, Japan
2 Hiroshima Astrophysical Science Center, Hiroshima University, Higashi-Hiroshima, Hiroshima 739-8526,
Japan
3 Institute for Space-Earth Environmental Research, Nagoya University, Nagoya, Aichi 464-8601, Japan
4 Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency, Sagamihara,
Kanagawa 252-5210, Japan
5 Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo 113-0033, Japan
6 KIPAC, Stanford University, Stanford, CA 94305, USA
" Department of Physics, Kyoto University, Kitashirakawaoiwake, Sakyo Kyoto, Kyoto, 606-8502, Japan
8 IRFU / Service d’Astrophysique, CEA Saclay, 91191 Gif-sur-Yvette, Cedex France
9 Department of Physics, Nagoya University, Nagoya, Aichi 464-8601, Japan
10 Department of Physics, Tokyo Metropolitan University, Hachioji, Tokyo 192-0397, Japan
11 Research Institute for Science and Engineering, Waseda University, Shinjuku-ku, Tokyo, 169-8050,
Japan
12 Cosmic Radiation Laboratory, Institute of Physical and Chemical Research (RIKEN) Wako, Saitama
351-0198, Japan
13 Department of Physics, Faculty of Science, Yamagata University, Kojirakawa, Yamagata 990-8560,
Japan
14 Frontier Research Institute for Interdisciplinary Sciences, Tohoku University, Sendai, Miyagi
980-8578, Japan
15 Department of Physics, Rikkyo University, Toshima-ku, Tokyo, 171-8501, Japan
16 Advanced Medical Instrumentation Unit, Okinawa Institute of Science and Technology Graduate
University, Onna, Okinawa 904-0495, Japan
17 Department of Physics, Saitama University, Saitama, Saitama 338-8570, Japan
18 Science Education, Faculty of Education, Shizuoka University, Suruga-ku, Shizuoka, 422-8529,
Japan
19 Department of Physics, Tokyo Institute of Technology, Meguro-ku, Tokyo 152-8551, Japan
20 Department of Physics, Kanazawa University, Kanazawa, Ishikawa 920-1192, Japan
E-mail(YF): fukazawa@astro.hiroshima-u.ac.jp

ABSTRACT

The Soft Gamma-ray Detector (SGD) is one of observational instruments onboard the Hitomi (ASTRO-
H), and will provide better sensitivity in 60-600 keV than the past observatories. The SGD utilizes similar
technologies to the Hard X-ray Imager (HXI) onboard the ASTRO-H. The SGD achieves low background
by constraining gamma-ray events within a narrow field-of-view by Compton kinematics, in addition to the
BGO active shield. SGD was successfully turned on and observed the Crab nebula. All the instrumental
components, including 6 Compton cameras and 50 BGO active shields, were worked well without significant
problems. Noise performance was <2 keV (FWHM) at 100 keV, as well as expected, and the pulse profle
from the Crab netron star was obtained. Polarization studies of the Crab nebula is going on. In this paper,
we will report the in-flight operation, calibration, and performance of SGD.
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Fig. 1. SGD1 CC1 spectra in orbit. The left panel shows the spectra
of the CdTe detectors. The sum spectrum of 48 side CdTe de-
tectors and that of 32 bottom CdTe detectors are shown in black
and red, respectively. The right panel shows the spectrum of
Compton-reconstructed events. Gamma-ray emission lines from
activated materials can be seen.

A Compton camera of SGD consists of a stack of 32
layers of 0.6 mm thick Si pixel sensors followed by 8
layers of 0.75 mm thick CdTe pixel, surround by 2 lay-
ers of 0.75 mm thick CdTe pixel sensors on the four
sides. Signal processing chain of the Compton camera
consists of 208 Front-End Cards (FECs) followed by four
ASIC Driver Boards (ADBs) and an ASIC Control Board
(ACB). These components are packed in a 12x12x12
em? aluminum enclosure. Such a high-density stacking
of Si and CdTe sensors is critical to obtain a high effi-
ciency of Compton reconstruction of 10-15% around 100
keV. Detailed design of Compton camera of SGD is de-
scribed in Watanabe et al. (2014).

The start-up operation of SGD-S began from March
15, 2016. From March 21, SGD1-S had been operated in
the nominal observation mode, and SGD2-S was put into
the nominal observation on March 24 2016, just before
the maneuver to the Crab nebula. The exposure of the
Crab observation was about 5 ks. The data before the
maneuver to the Crab nebula is useful for the background
studies of SGD.

In orbit, we confirmed the performance by using
gamma-ray emission lines from activated materials. Fig-
ure 1 shows the single-hit spectra of CdTe sensors and
the spectrum of Compton reconstructed events in orbit.
Good energy resolutions consistent with the expectation
from the on-ground performance were also verified as
there was no degradation from the performance obtained
in the component level tests.

In order to confirm the alignment with the optical axis
of the satellite, we compared the observed rate for the
Crab nebula with the Monte Carlo simulation result as-
suming the nominal Crab flux. The count rates of 35—
60 keV, where the effects of threshold dispersions are
insignificant, were obtained within less than 5 percents,
which means that the misalignments among six fine col-
limators was less than 1.5 arcmin. The count rate pre-
dicted by simulation was consistent with the observed

value, implying that the effects of the fine collimator
misalignment and distortion are negligible.

In order to confirm the time assignment, pulse analyses
of the Crab pulsar were performed. In order to obtain
large number of events, photo-absorption signals in the
top 4 Si layers are used in this analysis. The tool for
ASTRO-H time assignments is applied to the SGD Crab
data, and, barycentric correction is also applied. The
pulse period of 33.720462 ms was successfully detected,
as shown in Figure 2 left.
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Fig. 2. (left) Obtained pulse profile of top 4 layers Si detector events.
All events of six Compton cameras are summed. The pulse pe-
riod is 33.720462 ms. (right) Compton event reconstructed spec-
trum during the Crab observation. The background is subtracted.
The events from four Compton cameras (SGD1CC1,CC2,CC3 and
SGD2CC1) are summed. A result of the Monte Carlo simulation
is shown in the red.

In SGD, we can reject backgrounds which are unlikely
to be celestial gamma rays by requiring the consistency
of the Compton scattering angles, one derived from the
Compton kinematics, and the other derived from the ge-
ometrical information. The resulting spectrum in four
operational Compton cameras (three in SGD1 and one
in SGD2) after the background subtraction during the
Crab observation is shown in Figure 2 right. The pre-
liminary result of the Monte Carlo simulation after the
same event reconstruction as the observation data is also
shown in the red spectrum. In the simulation of the Crab
nebula observation, we assumed a power-law spectrum
with a photon index of 2.1. The 40-1000 keV flux was
2.0 x 107® erg/cm?/s. During the Crab observation, we
have obtained about 3500 Compton-reconstructed events
in the range of 50-300 keV, which can also be used for
the polarization measurement, and the careful analysis
for the polarization measurement is in progress.

The Detail of in-flight performance of SGD is summa-
rized in Watanabe et al. (2016), and also the perfor-
mance of BGO Anti-coincidence detectors are reported
in Ohno et al. (2017) in this proceeding.
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