
HiZ-GUNDAM

– High-z Gamma-Ray Bursts for Unraveling the Dark age and extreme space time Mission –

Daisuke Yonetoku,1 and HiZ-GUNDAM Working Group

1 Kanazawa University
E-mail: yonetoku@astro.s.kanazawa-u.ac.jp

Abstract

Japanese GRB community is now promoting a future GRB satellite mission, HiZ-GUNDAM, whose
mission concept has been successfully selected as one of possible candidates for Japanese competitive M-
class mission by ISAS/JAXA. The launch schedule will be around 2026 in the earliest case. The aim of
HiZ-GUNDAM is to progress a time domain astronomy, especially, (1) probing the early universe with
high redshift GRBs at z ≥ 7, and (2) progress the multi-messenger astronomy. This mission will timely
collaborate with the gravitational observatories LIGO/Virgo/KAGRA achieving their design sensitivity.
A base-line architecture of mission payloads is wide field X-ray monitors with micro-pore (Lobster-eye)
optics and CMOS/pnCCD imaging detectors on the focal plane, and an optical-near infrared telescope
with aperture size of 30 cm in diameter. HiZ-GUNDAM automatically performs follow-up observation with
simultaneous four-band-photometry, and efficiently selects high-redshift GRB and kilonova candidates.
Then, quickly performing spectroscopic observation for the candidates, we obtain physical information
such as neutral fraction and metallicity of inter-galactic medium with high-z GRBs, and diversity of
kilonova with gravitational wave sources, and so on. We will introduce the focusing sciences and mission
overview of HiZ-GUNDAM.
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1. Introduction

We know many kinds of transient phenomena in the uni-
verse from stellar size objects with seconds order of time
variability to super-massive black holes showing day-
scale flares. Gamma-ray bursts play important roles in
the time domain astronomy from nearby to distant uni-
verse. We can probe physical condition in the early uni-
verse with bright emission of long GRBs, and we may
enable to observe short GRB like phenomena associated
with gravitational wave detection.

The mission of HiZ-GUNDAM is to promote the time
domain astronomy (Yonetoku et al. 2014; Yoshida et al.
2016). We defined two kinds of key sciences. The one
is the exploration of the early universe with GRBs. We
observationally estimate GRB rate over the redshift of 9,
and probe the cosmic reionization history and chemical
evolutions in the early universe. We sufficiently select
the high-redshift GRB candidates in the satellite mis-
sion, and perform spectroscopic observation with large
area telescopes. The other is a promotion of multi-
messenger astronomy, especially gravitational wave as-
tronomy. Monitoring the high-energy transient, we will
confirm the existence of relativistic jet, and its inner

structure. It is also important to understand the en-
ergy transition from jet and cocoon to kilonova, and its
diversities.
Both observations need the detection of GRB and the

rapid follow-up observation. Therefore we install two
kinds of mission instruments, i.e. the wide field X-ray
monitor and the optical and near infrared telescope. In
this article, we briefly introduce the HiZ-GUNDAM mis-
sion in view of observation strategy and mission pay-
loads.

2. Science Goals of HiZ-GUNDAM

We summaries the science goals of HiZ-GUNDAM mis-
sion. For the key science 1, the exploration of the early
universe with GRB:

A-1 The measurement of high-z GRB rate over the red-
shift of 9. We will clarify the high-z GRB rate in
the early universe. Assuming the initial mass func-
tions, we will also estimate the star formation rate
density.

A-2 The identification of the cosmic reionization epoch
and its history. Early spectroscopic observation will



Fig. 1. Schematic view of HiZ-GUNDAM satellite.

make us to measure the neutral fraction of inter
galactic medium with Ly-α dumping wing structure.
If we successfully obtain the multiple data, we can
discuss the progress of the reionization.

A-3 The chemical evolution in the high redshift universe.
We will measure metal abundance of [M/H] ≤ −3.
We can compare these data with one of galaxy ob-
servations.

A-4 We can perform an exploration of pop-III GRBs.
We define this theme as an extra success.

For the key science 2, the contribution to the gravita-
tional wave astronomy:

B-1 The confirmation of existence of the relativistic jet
and its inner structure with the wide field X-ray
monitor. Combining with the inclination angle from
GW observation, we will discuss the energy distri-
bution of inner jet.

B-2 Investigation of energy transition of mass ejecta. If
the emission is dominated by the radio active decay
of r-process elements, we expect that the bolomet-
ric light curve follows t−1.3. The steeper or shal-
lower case corresponds to the cocoon radiation and
the emission from the front of ejecta, respectively.
Then, we can search the cocoon emission component
with early follow-up observation

B-3 The diversities of kilonova with both optical and
near infrared photometry. The coalescence of BH-
NS and higher mass of NS-NS may not emit strong
neutrino. Then we expect that the electron fraction
of ejecta becomes low, and r-process nucleosynthe-
sis progress. In these cases, only red kilonova can
be observed. Understanding the diversity of kilo-
nova, we will contribute to measure the abundance
of ultra-heavy elements like lanthanide elements.

To achieve these science goals, we considered the satel-
lite mission, HiZ-GUNDAM, equipped with both the
wide field X-ray monitor and the near infrared telescope
at the same time as shown In figure 1.

3. Observation Sequence of HiZ-GUNDAM

Once we detect GRBs and X-ray transients, we send alert
messages of X-ray observation including the localization,
trigger time, and lightcurve. We will use small com-
munication devices of Iridium communication network,
and VHF stations of the SVOM project (still in debate)
for alert sending. Then, the onboard computer decides
the possibility that the follow-up observation can per-
form safely in view of the sun angle and the earth angle
constraint, and also house keeping status. If possible,
the satellite automatically starts the attitude control to-
ward the X-ray transient like the Swift satellite. After
the attitude stabilization within ∼ 150 seconds, we start
the follow-up observation with the near infrared (NIR)
telescope. Then we can simultaneously obtain 4-bands
photometric data from 0.5 – 2.5 µm. During the follow-
up, X-ray monitor keeps the observation, but the next
trigger is disabled.

After 10 minutes exposures of NIR observation, a mis-
sion processing computer performs onboard analyses,
and creates a list of red objects and variable objects in
the X-ray error region, and also a bright star catalog in-
side the field of view for astrometry. The satellite sends
the second alert including these information. If the sun
angle and the earth angle constraint is coming, the satel-
lite automatically stops the follow-up and moves to the
next nominal attitude, and the X-ray trigger function
is enabled. After the one orbital period, we restart the
follow-up observation.

Receiving the second alert information at ground sta-
tions, a ground server system automatically starts pho-
tometric analysis, and determine the detailed position
with all sky catalogues. If we find high-redshift GRB
candidate and/or kilonova candidate, we will start spec-
troscopic observation with large telescope.

We are considering a function to perform follow-up
observation immediately with a simple command from
ground operator. When we get the trigger information
from gravitational wave facility, neutrino facility, and
TeV gamma-ray observatory, we send a request of follow-
up observation via Iridium communication satellite. If
the transient source locates in our observable area, we
can start the follow-up observation within about 96 min-
utes (one orbital period). Then, we search X-ray tran-
sient, e.g. an extended soft X-ray emission and plateau
emission in X-ray for gravitational sources. If a X-ray
candidate is found, the satellite starts NIR follow-up as
the nominal sequence. If the optical counter part has al-
ready found by the ground based telescope, we directly
start the NIR follow-up. Our NIR telescope has good
sensitivity comparable to the 3m/4m telescopes. This
optional mode makes us to strongly contribute the multi-
messenger astronomy.



Fig. 2. A detail structure of mission payloads onboard HiZ-GUNDAM.

4. Mission Payloads of HiZ-GUNDAM

In figure 2, we show a detailed structure of mission pay-
loads. The NIR telescope with 30 cm in diameter is
located in the center, and 24 modules of wide field X-ray
monitors surround it. We show an expected sensitivity
for both instruments in figure 3.

4.1. Wide Field X-ray Monitor

Single module of the wide field X-ray monitor consists
of lobster eye optics array (Li et al. 2020) and X-ray
imaging detector on the focal surface. Each module cov-
ers independent field of view, and we can simultaneously
monitor ∼ 1 steradian field of view by entire 24 mod-
ules. We will use either CMOS or pnCCD as the focal
plane detector (Ogino et al. 2020). The specification is
summarized in table 1

Table 1. Specification of wide field fX-ray monitor

Items Wide Field X-ray Detector
Optics Type Lobster Eye Optics Array
Focal Length 300 mm
Energy 0.5 – 4 keV
Number of Module 24
Field of View ∼ 1 str
Focal sensor CMOS or pnCCD
Num. of Focal Sensor 24
Sensitivity (100 sec) a few ×10−10 erg cm−2s−1

4.2. Near Infrared Telescope

The NIR telescope covers the wavelength range of 0.5–
2.5 µm. We can perform simultaneous photometric ob-
servation in 4 band. The focal detector of optical band
(0.5–0.9 µm) is HyViSi and ones of NIR band (0.9–1.5,
1.5–2.0, and 2.0–2.5 µm) are HgCdTe with appropriate
cutoff. We select an offset telescope optics, so called
”Three Mirror Assembly” to strongly restrict any stray
light. The specification is summarized in table 2.
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Fig. 3. Expected sensitivity of X-ray and NIR observation.

Table 2. Specification of NIR telescope

Items Near Infrared Telescope
Optics Type Three Mirror Assembly
Focal Length 1835 mm
Wavelength 0.5 – 2.5 µm
Pixel Scale 2× 2 arcsec2

Image Size 3× 3 pixels
Field of View 34× 34 arcmin2

Focal sensor HyViSi/HgCdTe
LIm. Mag. 21.4 (0.5 – 0.9 µm)
(S/N=10) 21.3 (0.9 – 1.5 µm)
(10 min exposure) 20.9 (1.5 – 2.0 µm)

20.7 (2.0 – 2.5 µm)
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