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High Energy Astrophysics Laborarory

1. Abstract

In the immediate aftermath of the Big Bang, the beginning of our universe, only hydrogen and helium existed. However, nuclear
fusion in the interior of stars and the explosion of supernovae in the universe over 13.8 billion years led to the evolution of a world
brimming with the many different elements we have today. By using scientific satellites or balloons to observe X-rays and gamma-rays
emitted from celestial objects, we are observing the synthesis of the elements at their actual source. Our goal is to comprehensively
elucidate the scenarios for the formation of the elements in the universe, together with our research on sub-atomic physics through the
use of an accelerator.

2. Major Research Subjects
(1) History of nucleosynthesis in the universe
(2) Physics in extreme conditions in the universe
(3) Research and development of innovative radiation detectors
(4) Apply radiation technology for human to live in space

3. Summary of Research Activity

High Energy Astrophysics Laboratory started in April 2010. The goal of our research is to reveal the mechanism of nucleosyn-
thesis and the evolution of elements in the universe, and to observe/discover exotic physical phenomena in extremely strong magnetic
and/or gravitational fields. We have observed supernova remnants, strongly magnetized neutron stars, pulsars, black holes and galaxies
with X-ray astronomical satellites, balloons and ground-based telescopes.

(1) Nucleosynthesis in the universe
(1-1) XRISM

X-Ray Imaging and Spectroscopy Mission (XRISM) is a new X-ray astrophysics observatory developed by a joint effort between
Japan and US with participation of Europe. It is aimed at recovering the high-resolution X-ray spectroscopy of hot plasma in the
Universe initiated by the short-lived Hitomi satellite. The spacecraft, payload instruments, and science observation program are
currently under development. In FY2021, the development and subsystem-level tests of the two payload instruments, Resolve and
Xtend, have been completed successfully. The two instruments are now on the spacecraft and ready for the spacecraft tests. The major
milestone was achieved also in the science observation program. The observation targets for the Performance Verification (PV) phase
have been selected and released to public and a new program called the XRISM Guest Scientist has started to offer researchers in the
astrophysics community an opportunity to participate in scientific activities with the observations in the PV phase.
(1-2) MAXI

From April 2018, High Energy Astrophysics Laboratory hosts MAXI (Monitor of All-sky X-ray Image) onboard International
Space Station (ISS), which was attached on ISS in 2009. MAXI is a RIKEN-lead project collaborating with JAXA and other univer-
sities. In FY2021, MAXI discovered the 14th blackhole binary MAXI J1803-298, and two Be X-ray binary pulsars MAXI J0903-531
and MAXT J0709-159. The former was followed up by Swift and NICER, while the latter was by NuSTAR and NICER. We reported
28 ATELSs (Astronomer’s Telegrams) on transient objects, and 8 GCNs (Gamma-ray Burst Coordinate Network) of gamma-ray bursts.

A new project OHMAN, which is automatic MAXI-NICER coordinate observations on ISS for quick follow-up of transient events
such as gamma-ray bursts and gravitational events, was begun in earnest since 2020 November. We cooperated to equip OHMAN
to ISS, and finally OHMAN has started on 2022 May 26. Immediate follow-up observations of X-ray transient objects detected by
MAXT are possible with a high-sensitivity X-ray telescope.

(2) Extremely strong magnetism and gravity
(2-1) IXPE

We have contributed to the NASA’s world-first X-ray polarimeter mission IXPE (Imaging X-ray Polarimeter Explorer). High
Energy Astrophysics Laboratory is responsible for providing the gas electron multipliers (GEMs) to the IXPE mission: the GEM is a
key device of the X-ray polarimeter and produced based on our patent for space use. The IXPE satellite was successfully launched on
December 9, 2021 from Florida. After one month commissioning in orbit, IXPE started science observations of X-ray stellar objects
from January 11, 2022.

By using the IXPE satellite, we aim to proof the strong magnetism of Magnetars, which are one of the species of neutron
stars which have ultra-strong magnetic field B > 10'! T. In such ultra-strong magnetic field, higher-order diagrams, O(eB/m?),
O(eB/m?)? etc., never ignored in the QED perturbation theory. As the results, we observe newly-emerging phenomenon such as
vacuum polarization, vacuum birefringence, efc. If such exotic phenomena are detected, we sure that Magnetars have really ultra-
strong magnetic field. We have performed quick-analysis of a Magnetar, which is a neutron star with ultra-strong magnetic fields,
observed by IXPE in the very early stage of the scientific observations.

(2-2) Astrophysical data analysis

In parallel with the mission development/operations, we are studying gamma-ray binary systems, which are one of the most

important astrophysical targets in the MeV gamma-ray band. We analyzed the broad-band emission of gamma-ray binary LS 5039,

-222 -



VI. RNC ACTIVITIES RIKEN Accel. Prog. Rep. 55 (2022)

a bright gamma-ray object in the MeV band, using NuSTAR and Fermi. The obtained spectrum with the highest available statistics
shows that the emission from MeV to sub-GeV bands is difficult to explain with current theoretical models, suggesting particle
acceleration there is much more efficient than well-known standard diffusive shock acceleration.

(3) Innovative breakthrough in astrophysics with a small satellite

We are developing technology and acquiring know-how to make space observation, which requires a lot of money, possible with
small satellites at low cost. NASA and other space agencies around the world have realized the importance of this opportunities and
have started space observation activities using small satellites. NinjaSat is a micro-satellite mission (6U CubeSat; 30 x 20 x 10 cm?)
led by RIKEN in collaboration with universities. NinjaSat will be deployed from the ISS in 2022. Although several science missions
have recently been conducted using micro-satellites, NinjaSat is the world’s first general purpose CubeSat mission to observe X-ray
sources. NinjaSat carries two Xe-filled gas detectors with 2-degree-wide collimators and performs spectroscopy between 2-50 keV
and timing obervation with a timing resolution of about 120 us. Since the effective area is not large (~40 cm? at 6 keV), the target
of the NinjaSat is a long-term monitoring of bright X-ray sources which are discovered by MAXI efc. In general, bright objects are
difficult to observe and a continuous observations for long period is impossible with large satellite missions. The aim of NinjaSat is
to perform observations that are difficult to perform on larger missions. For example, NinjaSat observes the time variability of binary
neutron stars and binary black holes in conjunction with the ground-based optical, radio and gravitational telescopes. We fabricated
and tested X-ray detectors for flight in FY2021.

(4) Future X-ray and gamma-ray detectors

In collaboration with NASA Goddard Space Flight Center, we have developed and tested a hard X-ray polarimeter with a Time
Projection Chamber technique. This TPC polarimeter is one of candidates of the future satellite XPP (X-ray polarimeter Probe
mission) planned with an international consortium.

As an successor of the MAXI mission, we are also verifying the principle of a new concept, multiplexing lobster-eye (MuLE)
optics, to monitor the entire sky with a wide field-of-view for detecting and immediate reporting transient objects such as a neutron
star merger. We published a paper on the conceptual design of MuLE, and proved the concept by a simple experiment.

To explore the MeV gamma-ray sky in the Universe, we are working on the technical development of the GRAMS (Gamma-Ray
and AntiMatter Survey) project, which aims at future MeV gamma-ray observations with a Compton telescope using a liquid argon
time projection chamber. We developed two types of event reconstruction algorithms for multiple Compton scattering events using
probabilistic and neural network methods. Based on them, we confirmed that the advantage of the GRAMS project, which is an
observation with an effective area larger than previous by 1-2 orders magnitudes, can be achievable with a current mission concept.
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