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Abstract 

The X-Ray Imaging and Spectroscopy Mission ( XRISM) is a joint mission between the Japan Aerospace Exploration Agency ( JAXA) and the 
National Aeronautics and Space Administration ( NASA) in collaboration with the European Space Agency ( ESA) . In addition to the three space 
agencies, universities and research institutes from Japan, North America, and Europe have joined to contribute to developing satellite and 
onboard instruments, data-processing software, and the scientific observation program. XRISM is the successor to the ASTRO-H ( Hitomi) 
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1 Introduction 

The X-Ray Imaging and Spectroscopy Mission ( XRISM) 
( figure 1 ) , the seventh in a series of Japanese X-ray astronomy 
satellites, was launched by the Japan Aerospace Exploration 

Agency ( JAXA) with the H-IIA launching vehicle from Tane- 
gashima Space Center ( TNSC) at 23:47 UTC on 2023 Septem- 
ber 6. The launching vehicle H-IIA flight 47 carried two space- 
crafts; one was XRISM, and the other was the Smart Lander 
for Investigating Moon ( SLIM) . XRISM separated from the 
vehicle 849 s after launch and entered a near-circular orbit 
at 575 km altitude with an inclination angle of 31◦. Then, 
XRISM deployed its solar panel arrays and opened the helium 

vent valve of the observation instrument’s onboard coolant 
to start its critical operations, followed by its commission- 
ing operations. XRISM is a joint mission of JAXA–NASA ( US 
National Aeronautics and Space Administration) , conducted 

in collaboration with the European Space Agency ( ESA) and 

many other institutes in Japan, the United States, Canada, and 

Europe. 
XRISM was proposed as a recovery mission for ASTRO-H 

( Hitomi) . JAXA launched Hitomi on 2016 February 17 and 

started observation soon after its initial commissioning. How- 
ever, the attitude control system triggered a series of abnormal- 
ities and mishaps that ended the operation. These errors led to 

a fatal event: the loss of solar panel arrays on Hitomi on 2016 

March 26 ( Fregel et al. 2017 ) . Despite the short mission life, 
initial results from Hitomi showed the potential of precise X- 
ray spectroscopy with imaging for transformative science. For 
example, measuring energy shifts or line broadening enables 
precise velocity and dynamic pressure determination in cos- 
mic plasmas. The X-ray microcalorimeter can constrain the 
Doppler broadening in the iron-K emission line to an accu- 
racy of ∼50 km s −1 . 

Hitomi revealed the velocity of plasmas in clusters of galax- 
ies and various X-ray objects ( Hitomi Collaboration 2016 , 
2018a , 2018e , 2018g , 2018h , 2018i ) . The high-energy res- 
olution with high throughput leads to unprecedented high 

sensitivity to the spectral features. The comparison of emis- 
sion line measurements of the elements, including rare met- 
als, with theoretical calculation, reveals the state of chemical 
evolution in the source ( Aharonian et al. 2017 ; Hitomi Col- 
laboration 2017 , 2018f ; Simionescu et al. 2019 ) . A mecha- 
nism for X-ray emission, reflecting the physical condition in 

the source, can also be examined by performing diagnostics 
in the fine structure of lines ( Hitomi Collaboration 2018c , 
2018d ) . Furthermore, the state-of-the-art microcalorimeter is 
ideal for observing charge exchange, resonance, and Comp- 
ton scattering in cosmic plasmas ( Hitomi Collaboration 

2018b ) . XRISM was developed to provide a multifaceted 

tool for revealing material circulation and energy transfer 
in cosmic plasmas and elucidating cosmic structures and 

evolution. 

The four science objectives for XRISM to explore are as
follows. 

( 1) Structure formation of the Universe and evolution of 
clusters of galaxies: 
Galaxies and clusters of galaxies are formed in dark 

matter halos and evolve into large-scale systems 
through collisions and mergers. An enormous amount 
of gravitational energy is released into thermal energy 
through the kinetic motion of the hot plasma in the sys-
tems. XRISM measures plasma velocities to reveal the 
processes and hidden energy flow channels involved in 

structure formation. 
( 2) Circulation history of baryonic matter in the Universe: 

Supernova remnants inject thermal and kinetic energy,
heavy elements, and high-energy cosmic rays into in- 
terstellar and intergalactic space. Thus, these objects 
are essential in constructing variety in the Universe.
The explosions dissipate energy and elements through 

the gradually thermalized optically thin plasma. There- 
fore, the plasma diagnosis with high-resolution X-ray 
spectroscopy is ideal for revealing the dissipation and 

circulation of baryonic matter in the Universe. 
( 3) Transport and circulation of energy in the Universe: 

The co-evolution of galaxies and their central super- 
massive black holes is one of the most central modern 

astronomy themes. Although “co-evolution” is widely 
accepted, the mass feeding mechanisms on to the su- 
permassive black hole from the host galaxy are still a
missing piece of the puzzle. XRISM, with the capabil- 
ity to measure the iron-K emission line energy to an
accuracy of ≤200 km s −1 , resolves velocity fields in the
accreting matter, leading to an understanding of the 
mass feeding structure surrounding the supermassive 
black hole. Furthermore, outflows, including jets and 

disk winds, from black holes or other compact objects 
are essential for understanding energy transportation 

and circulation in the Universe. XRISM measures the 
hot plasma flows in the spectral absorption features. 

( 4) New science with unprecedented high-resolution 

X-ray spectroscopy: 
High-resolution spectroscopy extracts information on 

the physical state of plasmas that we have not obtained.
For example, the plasma diagnosis of the fine spectral 
features enabled by XRISM provides an understand- 
ing of the history of plasma ionization. High-resolution 

spectroscopy can probe gravitational redshifts in rela- 
tivistic objects. These new observable properties will 
expand new areas of astrophysics. 

XRISM is designed to fulfill these scientific objectives 
with high-resolution X-ray spectroscopy with imaging by 
 examine astrophysical problems with precise, high-resolution X-ray 
y. It carries a 6 × 6 pixelized X-ray microcalorimeter on the focal plane 
( Xtend) that covers the same energy band over a large field of view. 
de and orbit control system was improved in hardware and software. 
 2023 September 6 ( UTC) . During the in-orbit commissioning phase, 

ing the Resolve sensor with a thin beryllium X-ray entrance window 

 planned performance verification observation program. The nominal 
gram beginning in 2024 September. 

rays: general 
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mission, which ended prematurely in 2016. Its primary science goal is to
spectroscopy. XRISM promises to discover new horizons in X-ray astronom
of an X-ray mirror assembly ( Resolve) and a co-aligned X-ray CCD camera
XRISM utilizes the Hitomi heritage, but all designs were reviewed. The attitu
The spacecraft was launched from the JAXA Tanegashima Space Center on
the onboard components were activated. Although the gate valve protect
was not yet opened, scientific observation started in 2024 February with the
observation program commenced with the following guest observation pro
Keywords: instrumentation — space vehicles — space vehicles: instruments — X-
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Fig. 1. Outlook of XRISM and onboard mission instruments. Two X-ray mir- 
ror assemblies and three star tracker units are equipped on the top plate on 
the upper left. The solar panel arrays are the dark wing-shaped structures 
in the center. Credit: JAXA. 

Table 1. Key parameters of the spacecraft. 

Launch site Tanegashima Space Center, Japan 
Launch vehicle JAXA H-IIA rocket 
Orbit type Approximate circular orbit 
Altitude 575 ± 15 km 

Orbit inclination 31◦

Dimension 7.9 m × 9.2 m × 3.1 m 

Mass 2.3 t 
Design life ≥3 yr 

observing the fine structure in the X-ray spectra and the spa- 
tial distribution of cosmic plasmas ( Tashiro et al. 2018 ) . 

2 Spacecraft 

2.1 The orbit and operations 

The satellite operation is conducted at the Sagamihara Satel- 
lite Operation Center of ISAS/JAXA, using the ground sta- 
tion at the Uchinoura Space Center ( USC) in Japan. The key 
parameters of the spacecraft are summarized in table 1 . The 
spacecraft circulates the Earth for 96 min on a near-Earth or- 
bit and contacts the ground station, USC, on 5 out of the 15 

daily orbits. XRISM employs the JAXA Global Network ( GN) 
stations, the NASA Near Space Network ( NSN) stations, and 

the nominal operation station USC. The additional GN and 

NSN stations cover most of the remaining 10 orbits to moni- 
tor the spacecraft’s essential status. 

The basic observation pattern is to point to an object dur- 
ing the planned exposure time and then slew to the next tar- 
get. Each typical XRISM observation is expected to take one 
to a few days, and the command plan for each observation is 
uploaded during the daily contact with the USC station. The 
XRISM Mission Operation Team of JAXA oversees the satel- 
lite operation by commanding and downlinking data. Collab- 
orating with the Mission Operation Team, the XRISM Science 
Operations Team ( SOT) , consisting of dedicated duty scien- 
tists, oversees observation planning, science data processing, 
distribution, archiving, and user support. The XRISM SOT 

comprises members from three agencies: the XRISM Science 
Operation Centre ( SOC) in JAXA, the XRISM Science Data 
Center ( SDC) in NASA, and members from the European 

Space Astronomy Centre ( ESAC) of ESA. Detailed descrip- 

Fig. 2. XRISM onboard mission instruments. Two X-ray mirror assemblies 
are mounted on the top plate of the spacecraft for the two telescopes, 
Resolve and Xtend. The focal plane detectors—Resolve sensors in the Re- 
solve dewar ( Resolve-DWR) and the CCD in the Xtend-SXI—are installed 
on the base plate. The three star trackers ( STTs) are equipped on the top 
plate. Credit: JAXA. 

tions of the science operations are given in separate papers 
( Terada et al. 2021 ; Holland et al. 2025 ; Hayashi et al. 2025 ) . 

2.2 Configuration of the spacecraft 

XRISM carries two sets of X-ray telescopes named Resolve 
and Xtend. As shown in figure 2 , XRISM is equipped with 

two sets of co-aligned X-ray mirror assemblies ( XMAs) and 

two sets of star sensors ( star trackers: STT) to the right of the 
XMAs. Behind the central XMA, we see part of the sunshade 
from the third STT. The side panels, equipped with electron- 
ics inside, shape an octagonal pillar. The two sets of science 
instrument detectors are on the spacecraft’s base plate and 

are surrounded by the side panels. On the side panel oppo- 
site the black solar panel arrays is a truss structure between 

two gray thermal radiators. The dewar ( Resolve-DWR) con- 
taining the X-ray microcalorimeter is installed at the back of 
the structure, facing the anti-solar direction, and the radiators 
connected by heat pipes provide effective radiative cooling of 
the dewar surface. The CCD camera of Xtend ( Xtend-SXI) is 
placed inside the spacecraft and is connected to its radiator 
via two heat pipes. 

Figure 3 shows a function block diagram of XRISM. The 
bus system consists of the power supply, communication and 

data handling, and attitude orbit control subsystem. The 
above right portion of the figure shows components for the 
science instruments. As the primary design policy, we re- 
quire the spacecraft bus system to be designed to be one-fail- 
operative. According to the policy, almost all the bus electron- 
ics components configure redundant systems, as indicated by 
the overlapping rectangles. The only exceptions are the elec- 
tronics for the global positioning system receiver ( GPSR) and 

the X-band transponder. They are single systems but function- 
ally redundant with the on-ground time assignment/orbit de- 
termination systems or S-band communication. The X band 

has about four times the bandwidth of the S band and is 
used to download accumulated observation data, although the 
ground stations that we use to receive it are limited to those in 

Japan. When the X band is not available, we use the S band to 
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Fig. 3. Function block diagram of XRISM. The upper-left block shows the solar panels and power supply units and the communication and data handling 
components. The attitude and orbital control components are shown at the bottom. The mission instruments are shown in the top right. SpaceWire is 
employed for onboard communication. Credit: JAXA 

accumulate observation data also using overseas station net- 
works. 

2.3 Attitude control system 

XRISM is a three-axis stabilization satellite pointing at a ce- 
lestial object with telescopes and fixed solar panels facing the 
Sun. Therefore, the attitude and orbit control system ( AOCS) 
is crucial for both the mission and spacecraft survival. The 
AOCS is composed of attitude sensors, data processors, and 

actuators. 
The attitude sensors consist of four independent compo- 

nents: digital Sun sensors ( DSSs) , geomagnetic attitude sen- 
sors, inertial reference units, and STTs. The solar panels are 
fixed to the spacecraft and restrict attitude operation to keep 

the normal against the Sun inclination angle within 30◦ on or- 
bit. The DSS measures the Sun angle against the solar panels to 

maintain the power generation. The linear measurement range 
is a ±64 squared degree region. The area is much broader than 

that of Hitomi to cover the Sun inclination angles with enough 

margin. The pointing accuracy is assured by the attitude de- 
termination using the star sensors ( STTs) installed on the top 

plate with the XMAs. Figure 4 shows the STT fields of view 

and avoidance angles for interfering light from Earth’s albedo. 
The view centers are offset from the normal of the top panel 
by 10◦, and the position angles of the STTs are separated by 
120◦. With this configuration, the STTs cover a broad field 

Fig. 4. Fields of view ( 12 .◦5 in radius ) and avoidance angles ( 22◦ in radius) 
for interfering light of the three STTs and the avoidance angle of Xtend 
( the smallest circle at the center) . The three STTs cover overlapping broad 
fields of view to realize accurate and robustness in attitude control. 

of view, avoiding the Earth occultation to realize an extended 

time coverage for the attitude determination with the STTs. 
Also, simultaneous measurement with two or three STTs in- 
creases the attitude determination accuracy to ≤20′′ through 

the on-ground attitude determination process. 
The actuators are reaction wheels and thrusters ( reaction 

control systems) . The former is the primary actuator 
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stabilizing or pointing the telescopes to the target. In contrast, 
the latter points to the satellite at the first Sun acquisition 

after the satellite separation and emergency safehold opera- 
tion. The magnetic torquers dissipate the angular momentum 

accumulated in the reaction wheels. 
In addition to the regular attitude control operation and de- 

bris avoidance maneuver, one of the most crucial functions of 
the data processor on the attitude control system is the fault 
detection isolation and reconfiguration ( FDIR) system. Each 

component employs reliable parts ( level 4) and error detec- 
tion and correction systems in the data transfer lines ( level 3) . 
The RMAP/SpaceWire network protocols ensure communi- 
cation between components ( level 2) . The attitude and orbit 
control flight software ( ACFS) , installed in the data processor, 
monitors hardware and inter-component consistency by com- 
paring the sensor output values. Once a hardware error or 
inter-component inconsistency is detected, the ACFS switches 
the whole system to the redundant side ( level 1) . The lower- 
level hardware/system quickly detects a definite abnormality 
in each component and automatically switches to the redun- 
dant system. In contrast, the ACFS detects inter-component 
inconsistency at a higher level to isolate and reconfigure the 
AOCS. By separating each fault detection and reconfiguration 

function level, the system avoids congestion and a chain of 
abnormality faults. 

The initial stage of FDIR is a fault-tolerant or fail- 
operational mode. In these levels, the spacecraft continues 
pointing operations by resetting or switching to the redun- 
dant system. However, if the fault is not corrected in the ini- 
tial stage, the attitude control mode is changed to safehold 

mode. In this mode, the pointing operation is free-spinning 
around the + Y axis ( the normal of the solar panel) , and the 
angular moment is controlled to direct the + Y axis to the 
Sun. Momentum wheels control the safehold at first. If this 
fails, the attitude control actuator is switched to the thrusters. 
However, the AOCS cuts the thruster at the last stage when it 
detects a high angular velocity to prevent the spacecraft from 

breaking up. After the cutoff, there is no active actuator con- 
trolled by the onboard AOCS. The spacecraft would be saved 

by commands from the ground-support stations. 

3 Mission instruments 

XRISM carries two science instruments: the Resolve soft X- 
ray spectrometer and the Xtend soft X-ray imager, as men- 
tioned in subsection 2.2 . Two identical XMAs mounted on 

the spacecraft top plate are conically approximated Wolter 
I optics consisting of 203 nested shells, following the basic 
design for the Hitomi soft X-ray telescopes ( SXTs) ( Soong 
et al. 2014 ) . The ground-calibration results are shown by 
Boissay-Malaquin et al. ( 2022 ) , Tamura et al. ( 2022 ) , and 

Hayashi et al. ( 2022 ) . 
Resolve has an X-ray microcalorimeter array that deliv- 

ers ∼5 eV energy resolution at an operational temperature of 
0.05 K maintained by six stages of cooling ( Kilbourne et al. 
2018 ; Ezoe et al. 2020 ; Ishisaki et al. 2022 ) . The basic de- 
sign of the X-ray microcalorimeter and the cooling system 

follows that of the SXS onboard Hitomi, though newly de- 
veloped mechanisms are adopted in the gate valve ( GV) and 

vibration interference isolators ( VIS) ( Yasuda et al. 2025 ) . We 
installed an eddy current dumper in the GV opening mecha- 
nism. The GV protects the sensor in the vacuum dewar from 

the atmosphere and shall be opened in orbit. The eddy current 
dumper controls the opening speed and reduces the shock to 

the thermal shield films before the sensor. On the other hand, 
the VIS is installed between the mechanical cooler compres- 
sor and the dewar and restricts the vibration noise from prop- 
agating to the sensor. The isolation mechanism is redesigned 

for the spacecraft mechanical environment of XRISM at the 
launch and spacecraft separation. A detailed description is 
given in Midooka et al. ( 2020 ) . The status of development and 

the on-ground calibration are reported in Porter et al. ( 2020 ) 
and Eckart et al. ( 2024 ) . 

The Xtend X-ray CCD camera delivers a broad field of view 

with a moderate energy resolution ( Hayashida et al. 2018 ; 
Mori et al. 2022 ; Noda et al. 2025 ) . The basic design of the 
CCD camera is identical to that of the Hitomi SXI, and some 
improvements are adopted on the CCD chip and the scheme 
for preventing light leakage. The development and on-ground 

calibration status are reported by Nakajima et al. ( 2020 ) , 
Uchida et al. ( 2020 ) , Yoneyama et al. ( 2020 ) , and Kanemaru 

et al. ( 2020 ) . The key parameters, in-orbit operations and ver- 
ified performance are summarized in subsection 4.3 and Mori 
et al. ( 2024 ) , Suzuki et al. ( 2025b ) , and Uchida et al. ( 2025 ) . 

4 In-orbit operation and observations 

4.1 Launch phase 

XRISM was initially scheduled to launch in 2023 May. How- 
ever, launch operations were suspended by JAXA to evalu- 
ate the countermeasure of the H3 launch vehicle accident.1 

Launch operation resumed at Tanegashima Space Center in 

2023 July. After a series of function checks, we conducted a 
launch-day dry run on August 18. On August 21, the super- 
fluid liquid helium in the Resolve dewar helium tank was filled 

to cool the dewar insert in preparation for launch. The final 
launch preparation review was held on August 24, and the 
spacecraft and launch vehicle were ready for launch. How- 
ever, the launch was postponed due to unfavorable weather 
conditions and was finally rescheduled to September 6. 

XRISM was launched successfully and separated from the 
launch vehicle in the sky over the Pacific Ocean. The NASA 

USHI station in Hawaii confirmed the separation signal from 

the launch vehicle at the 0th orbit. Satellite operations are 
conducted at the Sagamihara Space Operation Center of 
ISAS/JAXA using the JAXA and NASA ground-station net- 
works. The spacecraft orbits the Earth for 96 min in a low- 
Earth orbit, and a ground station contacts the spacecraft in 

about 5 out of 15 orbits per day. We extend the coverage using 
JAXA GN and NASA NSN stations. 

4.2 Critical operations 

After separation from the launch vehicle, the completion of 
the Sun acquisition was confirmed. The launch lock of the vi- 
bration isolation system of the four mechanical coolers ( two 

shield coolers and two precoolers) of Resolve was unlocked 

by a ‘‘real-time’’ command operation in the first contact by 
Santiago station. In the second revolution orbit, we switched 

the Sun tracking mode from the reaction control system to 

the reaction wheels. After stabilizing the attitude to point the 
solar arrays at the Sun, we started the Resolve mechanical 
coolers. At the 30th revolution, we confirmed that the Resolve 

1 JAXA press release, 2023 March 7 〈 https://global.jaxa.jp/press/2023/ 
03/20230307-2_e.html 〉 . 
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Table 2. Key parameters and performance of the payload instruments. 

Parameter Resolve Xtend 

X-ray mirrors Conically approximated Wolter I optics ( 203 nested shells) 
Focal length 5.6 m 

Detector technology X-ray microcalorimeter X-ray CCD 

Field of view 3. ′ 1 × 3. ′ 1 38. ′ 5 × 38. ′ 5 
Sensitive band 1.7 ∗–12 keV 0.4–13 keV 

Effective area 180 cm 

2 @ 6 keV 

∗ ∼420 cm 

2 @ 1 keV, ∼310 cm 

2 @ 6 keV 

On-axis XMA PSF at 6.4 keV 1. ′ 3 ( HPD) , 7. ′′ 9 ( FWHM) 1. ′ 4 ( HPD) , 7. ′′ 2 ( FWHM) 
Pixel size 30′′ × 30′′ ( 818μm) 1. ′′ 77 ( 48μm, pixel size) 
Time resolution 5μs ( high- and mid-res) , 80μs ( lo-res) 4 s ( full window) , 0.5 s ( 1 / 8 window) 
Absolute time tagging accuracy < 1 ms —
Energy resolution 4.5 eV FWHM ( high-res) † @ 6 keV ∼180 eV FWHM @ 6 keV 

4.8 eV FWHM ( mid-res primary) †

Absolute energy scale < 1 eV ( 1.7–12 keV) —
< 0.3 eV ( 5.4–9.0 keV high-res) 

Count-rate limit 200 counts s −1 array −1 3 mCrab ( full window) 
Non X-ray background 7 × 10−4 counts s −1 keV 

−1 array −1 ≤1 × 10−6 counts s −1 keV 

−1 arcmin −2 cm 

−2 

( 1–12 keV) ( 5–12 keV) 
∗In the closed gate valve configuration. 
†Focal plane average. 

dewar shield cooler temperature stabilized the shield temper- 
ature at 4.5 K . 

4.3 Commissioning 

The following functions and performance were evaluated and 

verified to ensure normal operation, including items verified 

during the critical operation period. These are power genera- 
tion and control, telemetry command ranging via the S band, 
receiving observation data via the X band, data recording and 

playback, orientation accuracy and attitude pointing, attitude 
control, temperature control, GPS function, and time distri- 
bution function. The verification of the optical axis alignment 
with the attitude control system is described by Kanemaru 

et al. ( 2025 ) . 
Following the bus components, Resolve began functional 

and performance verification on October 7. The adiabatic de- 
magnetization refrigerator ( ADR) was powered up and cooled 

from 5 K to 50 mK ( Chiao et al. 2024 ) . The mechanical cool- 
ers’ operation frequency was tuned to minimize microvibra- 
tion interference with the Resolve sensor ( Sneiderman et al. 
2024 ) . On November 7, we conducted the first attempt to 

open the GV. However, the GV did not deploy after this oper- 
ation or after two successive attempts in November and De- 
cember. Due to the 250μm thick Be window mounted on the 
GV, the Resolve’s low-energy band is limited to energies above 
1.7 keV. See the XRISM proposers’ observatory guide for a de- 
tailed description of the effect of closed valves on the observa- 
tion band.2 As we see in the next section, the XRISM project 
started the science observations with the GV closed because 
we confirmed the science productivity. The XRISM project 
continues to investigate the countermeasures taken after the 
unsuccessful operation and the operational plan for retrying 
the valve-opening operation in the future before the cryogen- 
free mode of Resolve. Resolve is equipped with multiple types 
of calibration sources on the filter wheel ( FW) for tracking 
the gain drift of the detector pixels in the orbit ( Shipman et al. 
2024 ) . The baseline plan of the gain tracking was to use active 
calibration sources called modulated X-ray sources ( MXS) . 

2 〈 https://heasarc.gsfc.nasa.gov/docs/xrism/proposals/POG/xrism_pog 
.pdf 〉 . 

However, because of the GV aperture structure, the MXS can- 
not irradiate all the pixels at once. Therefore, currently the 
gain tracking is performed by intermittently irradiating the 
55 Fe radioactive sources on the FW, based on the backup plan 

prepared before the launch and implemented in the commis- 
sioning ( Sawada et al. 2024 ) , which has been working success- 
fully ( Eckart et al. 2024 ) . Along with the gain tracking and 

calibration method, the event screening method and criteria 
were established and verified ( Mochizuki et al. 2025 ) . 

We also conducted the commissioning of each compo- 
nent of the Xtend system. We started the mechanical cool- 
ers from October 17–22 and adjusted the parameters to con- 
firm that they operated normally. From November 2–12, we 
conducted observations with the 1 / 8 window mode and 1 / 8 

window + burst mode to verify the window position ( Suzuki 
et al. 2025b ) . Xtend was aligned in window mode based on 

the result of the Resolve central-axis calibration. 
In parallel with the onboard instrument commissioning, on- 

ground science operations were established as planned. The 
science observation planning procedures and data-processing 
pipelines were tested, improved, and verified in collabora- 
tion between the SOC, SDC, and ESAC, supported by JAXA, 
NASA, and ESA ( Holland et al. 2025 ; Hayashi et al. 2025 ) . 

The XRISM In-Flight Calibration Planning Team, in col- 
laboration with the instrument development teams, planned 

the mission instrument calibration. The on-orbit celestial ob- 
ject calibration was carefully selected for each calibration item 

and revised to meet the closed gate condition. The policy and 

plan are described by E. D. Miller et al. ( in preparation) . In ad- 
dition to the high-resolution spectroscopy and the wide-field 

imaging mentioned above, timing accuracy is an essential ca- 
pability of XRISM, especially for Resolve with the time res- 
olution of 5 μs. The time assignment accuracy is also verified 

to meet the requirements ( Terada et al. 2025 ; Shidatsu et al. 
2025 ; Sawada et al. 2025 ) . The key parameters and perfor- 
mance of the mission instruments are summarized in table 2 . 

4.4 First light observations 

The first light for Xtend was performed from October 14–24 

as part of the initial functional verification. The cluster Abell 
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2319 was observed, and X-ray images were successfully ob- 
tained.3 The X-ray image shows a broad field of view cover- 
ing the entire galaxy cluster and serendipitous sources outside 
the cluster region. The image resolution is good enough to 

resolve the structure of the merging clusters. The detailed per- 
formance of the XMAs for Resolve and Xtend is reported by 
Hayashi et al. ( 2024 ) and Tamura et al. ( 2024 ) . 

As part of the initial functional verification and calibration 

operation, first light observations were conducted from De- 
cember 4–11 to observe the supernova remnant N 132D in 

the Large Magellanic Cloud, obtaining a detailed X-ray spec- 
trum ( XRISM Collaboration 2024c ) . Although the closed gate 
valve limits the soft X-ray band, the spectrum shows emission 

lines from silicon to iron with high signal-to-noise values. The 
measured spectral resolution of ∼4.5 eV ( FWHM at 6 keV) 
makes it possible to resolve many lines from ions of various 
elements. The first paper was published by the XRISM Col- 
laboration ( 2024c ) and was followed by a series of papers on 

observations of NGC 4151, Cyg X-3, or other sources ( e.g., 
XRISM Collaboration 2024a , 2024b ) . 

4.5 Observation phases 

After commissioning, we began the planned performance ver- 
ification observations on 2024 February 7. Although the ob- 
serving targets had been selected before launch, the list was 
modified to account for the closed GV’s band limitation. The 
revised target list is available to researchers on the XRISM 

website.4 During the performance verification phase, the ob- 
served data rights belong to the XRISM science team, with a 
limited number of XRISM guest scientists invited by the three 
space agencies. 

XRISM serves as an observatory for the global commu- 
nity through the dedicated guest observation program. JAXA, 
NASA, and ESA independently issued a call for proposals in 

2023 November. The XRISM GO cycle-1 approved target list 
was opened in 2024 July, and the guest observations started 

in 2024 September. The first five months were used for com- 
missioning, checking out, and essential calibration of the bus 
and mission components. Guest observations from the global 
astronomical community will continue until at least 2026 

September. The nominal operational phase of XRISM is de- 
fined as the first three years after launch. The later phase oper- 
ation will be defined after the review of the nominal operation . 

Several scientific results have already been published ( e.g., 
Mochizuki et al. 2024 ; XRISM Collaboration 2025a , 2025b ; 
Suzuki et al. 2025a ; Tsujimoto et al. 2025 ) , and more are in 

preparation for publication. Many more results are expected 

to follow. In addition to the programmed pointing observa- 
tions, the Xtend’s broad field of view allows us to add science 
by searching transient X-ray sources in the field. The Xtend 

transient search activity and the early results are shown in 

Tsuboi et al. ( 2025 ) . 
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