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XRISM Overviews
Mission Instruments

XRISM is equipped with Resolve for ultra-precise energy measurement and Xtend for imaging over a 

wide wavelength range. XMA (X-ray Mirror Assembly) is an X-ray telescope that efficiently collects X-rays 

at the sensor.

XMA (X-ray Mirror Assembly)
XMA is an X-ray telescope. X-rays entering the telescope will encounter the mirror’s smooth metal shells 

at a very shallow angle, called grazing incidence. They'll experience total reflection, which will slightly 

change their direction of travel, focusing them on a detector. The mirrors of XMA are nested one within 

another, like an onion, to guide X-rays as much as possible to the focal point.

Resolve
Resolve will measure the amount of incoming X-ray energy in great detail, enabling us to measure the 

temperature and composition of X-ray-emitting objects with great precision. In addition, researchers can 

use the Doppler effect, a phenomenon where wavelengths of light emitted by a moving object appear to be 

shifted, to determine the object's motion. Resolve was developed jointly by Japan and the United States.

Xtend
Xtend will make images from the X-rays coming from celestial objects. The CCD camera used in Xtend is 

not so different from that of ordinary digital cameras. However, the Xtend camera’s CCD is designed to 

detect X-rays and measure their energies. 

✦CCD imager “Xtend” 
• FoV: 30×30 arcmin2 
• Energy range: 0.4‒12 keV

✦Micro-calorimeter “Resolve” 
• ΔE < 7 eV (FWHM) @ 6 keV 

• Time tagging accuracy ≤ 1 ms 

• Energy range: 2‒12 keV

✦X-ray mirror 
• <1.7 arcmin (HPD) 

XRISM Media Kit (JAXA)

Focal length 5.6 m



2025.1.7 The extreme Universe viewed in VHE γ / 29

2 Kosuke Sato, Yuusuke Uchida, and Kumi Ishikawa on behalf of the Resolve team

Scope

This chapter describes the micro-calorimeter systems, SXS and Resolve onboard
ASTRO-H (Hitomi) and X-Ray Imaging and Spectroscopy Mission (XRISM), re-
spectively. The design of these instruments is basically the same with a few changes.
This chapter is also intended to helpResolve users understand the basic principles
and configurations of this instrument for data analysis. This also serves as a gate-
way to a collection of references for more technical details on specific topics. The
structure of this chapter is as follows. An introduction to and motivation for the
micro-calorimeter are described in Section 1.1. We explain the configuration of the
instruments such as the detector, onboard event processing, and cooling systems in
Section 1.2. The data processing, screening, and calibrations on the ground tests are
described in Section 1.3. In Section 1.4, we report the Hitomi/SXS performance in
orbit and the observations for the Perseus cluster. Finally, we describe the perfor-
mance of XRISM/Resolve achieved in the ground test in Section 1.5.

1.1 Introduction

X-ray micro-calorimeters detect the energy of incident X-rays by converting the
energy of each photon into heat in an absorber with small heat capacity attached
to a highly sensitive thermometer [36, 23, 24, 28]. In principle, a high resolution
of E/DE >1000 can be obtained, and the high resolution can be achieved in soft
X-ray to hard X-ray ranges. X-ray micro-calorimeters are non-dispersive detectors.
Compared to dispersive detectors such as grating spectrometers, which provide high
energy resolution below about 1 keV, their energy resolution does not deteriorate
over a whole energy range and their performance does not degrade for diffuse ob-
jects such as clusters of galaxies. Thus, they have the potential to investigate many
phenomena in high-energy astrophysics.

absorber 

X-ray photon

heat sink 

thermal linkthermal conductance

heat capacity
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Fig. 1.1: Schematics of micro-calorimeter.
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Scope

This chapter describes the micro-calorimeter systems, SXS and Resolve onboard
ASTRO-H (Hitomi) and X-Ray Imaging and Spectroscopy Mission (XRISM), re-
spectively. The design of these instruments is basically the same with a few changes.
This chapter is also intended to helpResolve users understand the basic principles
and configurations of this instrument for data analysis. This also serves as a gate-
way to a collection of references for more technical details on specific topics. The
structure of this chapter is as follows. An introduction to and motivation for the
micro-calorimeter are described in Section 1.1. We explain the configuration of the
instruments such as the detector, onboard event processing, and cooling systems in
Section 1.2. The data processing, screening, and calibrations on the ground tests are
described in Section 1.3. In Section 1.4, we report the Hitomi/SXS performance in
orbit and the observations for the Perseus cluster. Finally, we describe the perfor-
mance of XRISM/Resolve achieved in the ground test in Section 1.5.

1.1 Introduction

X-ray micro-calorimeters detect the energy of incident X-rays by converting the
energy of each photon into heat in an absorber with small heat capacity attached
to a highly sensitive thermometer [36, 23, 24, 28]. In principle, a high resolution
of E/DE >1000 can be obtained, and the high resolution can be achieved in soft
X-ray to hard X-ray ranges. X-ray micro-calorimeters are non-dispersive detectors.
Compared to dispersive detectors such as grating spectrometers, which provide high
energy resolution below about 1 keV, their energy resolution does not deteriorate
over a whole energy range and their performance does not degrade for diffuse ob-
jects such as clusters of galaxies. Thus, they have the potential to investigate many
phenomena in high-energy astrophysics.

absorber 

X-ray photon

heat sink 

thermal linkthermal conductance

heat capacity

<latexit sha1_base64="47/NCxSzsjK4iA4j/4XvwusCx/Y=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQBI8JmAckS5iddJIxs7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1FipdtctltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1m+qJ2XKjdZHHk4gmM4BQ+uoAL3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8AZwtjNM=</latexit>

E

<latexit sha1_base64="Ah8SWUiCptj5gmV8fKTUKTRYeOk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryORi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8GoOvNbT6g0j+WDGSfoR3QgecgZNVaqV3vFklt25yCrxMtICTLUesWvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MD52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IS3/oTLJDUo2WJRmApiYjL7mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsXZev6pelyl0WRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJkljNE=</latexit>

C
<latexit sha1_base64="DEQlhW9xQgx015gwB+tblbcMxJ4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQgx4TMA9IljA76SRjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJIPZhyjH9KB5H3OqLFS7a5bLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77J8UTsvVW6yOPJwBMdwCh5cQQXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A581jNU=</latexit>

G

<latexit sha1_base64="EqeA+mbLkNRXGR722P9vRZdlcXk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdz/zWEyrNY1k34wT9iA4kDzmjxkq1eq9YcsvuHGSVeBkpQYZqr/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5oVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDWn3CZpAYlWywKU0FMTGZfkz5XyIwYW0KZ4vZWwoZUUWZsNgUbgrf88ippXpS96/JV7bJUucviyMMJnMI5eHADFXiAKjSAAcIzvMKb8+i8OO/Ox6I152Qzx/AHzucPsumM4g==</latexit>

T
Thermometer

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

T
<latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

TB
<latexit sha1_base64="KTeU6WfkVHcE8pKKzmXSBv5ZghA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdSLx4r9EvapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMwLE8GN9bxvVNjY3NreKe6W9vYPDo/KxydtE6eashaNRay7ITFMcMVallvBuolmRIaCdcLJ3dzvPDFteKyadpqwQJKR4hGnxDrpsTnI+lri+mxQrnhVbwG8TvycVCBHY1D+6g9jmkqmLBXEmJ7vJTbIiLacCjYr9VPDEkInZMR6jioimQmyxcEzfOGUIY5i7UpZvFB/T2REGjOVoeuUxI7NqjcX//N6qY1ug4yrJLVM0eWiKBXYxnj+PR5yzagVU0cI1dzdiumYaEKty6jkQvBXX14n7auq71X9h+tKrZ7HUYQzOIdL8OEGanAPDWgBBQnP8ApvSKMX9I4+lq0FlM+cwh+gzx9eo5Ac</latexit><latexit sha1_base64="KTeU6WfkVHcE8pKKzmXSBv5ZghA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdSLx4r9EvapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMwLE8GN9bxvVNjY3NreKe6W9vYPDo/KxydtE6eashaNRay7ITFMcMVallvBuolmRIaCdcLJ3dzvPDFteKyadpqwQJKR4hGnxDrpsTnI+lri+mxQrnhVbwG8TvycVCBHY1D+6g9jmkqmLBXEmJ7vJTbIiLacCjYr9VPDEkInZMR6jioimQmyxcEzfOGUIY5i7UpZvFB/T2REGjOVoeuUxI7NqjcX//N6qY1ug4yrJLVM0eWiKBXYxnj+PR5yzagVU0cI1dzdiumYaEKty6jkQvBXX14n7auq71X9h+tKrZ7HUYQzOIdL8OEGanAPDWgBBQnP8ApvSKMX9I4+lq0FlM+cwh+gzx9eo5Ac</latexit><latexit sha1_base64="KTeU6WfkVHcE8pKKzmXSBv5ZghA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdSLx4r9EvapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMwLE8GN9bxvVNjY3NreKe6W9vYPDo/KxydtE6eashaNRay7ITFMcMVallvBuolmRIaCdcLJ3dzvPDFteKyadpqwQJKR4hGnxDrpsTnI+lri+mxQrnhVbwG8TvycVCBHY1D+6g9jmkqmLBXEmJ7vJTbIiLacCjYr9VPDEkInZMR6jioimQmyxcEzfOGUIY5i7UpZvFB/T2REGjOVoeuUxI7NqjcX//N6qY1ug4yrJLVM0eWiKBXYxnj+PR5yzagVU0cI1dzdiumYaEKty6jkQvBXX14n7auq71X9h+tKrZ7HUYQzOIdL8OEGanAPDWgBBQnP8ApvSKMX9I4+lq0FlM+cwh+gzx9eo5Ac</latexit><latexit sha1_base64="KTeU6WfkVHcE8pKKzmXSBv5ZghA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdSLx4r9EvapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMwLE8GN9bxvVNjY3NreKe6W9vYPDo/KxydtE6eashaNRay7ITFMcMVallvBuolmRIaCdcLJ3dzvPDFteKyadpqwQJKR4hGnxDrpsTnI+lri+mxQrnhVbwG8TvycVCBHY1D+6g9jmkqmLBXEmJ7vJTbIiLacCjYr9VPDEkInZMR6jioimQmyxcEzfOGUIY5i7UpZvFB/T2REGjOVoeuUxI7NqjcX//N6qY1ug4yrJLVM0eWiKBXYxnj+PR5yzagVU0cI1dzdiumYaEKty6jkQvBXX14n7auq71X9h+tKrZ7HUYQzOIdL8OEGanAPDWgBBQnP8ApvSKMX9I4+lq0FlM+cwh+gzx9eo5Ac</latexit>

�T
=

E
/C

<latexit sha1_base64="SsHsFHcuwG/X3GlDQ6O4mBEDkko=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInmoigl6EYhE8VugXtKFsNpt26WYTdjdCLf0lXjwo4tWf4s1/46bNQVsfDDzem2Fmnp9wprTjfFuFtfWNza3idmlnd2+/bB8ctlWcSkJbJOax7PpYUc4EbWmmOe0mkuLI57Tjj+uZ33mkUrFYNPUkoV6Eh4KFjGBtpIFd7geUa4ya6AbdnddLA7viVJ050Cpxc1KBHI2B/dUPYpJGVGjCsVI910m0N8VSM8LprNRPFU0wGeMh7RkqcESVN50fPkOnRglQGEtTQqO5+ntiiiOlJpFvOiOsR2rZy8T/vF6qw2tvykSSairIYlGYcqRjlKWAAiYp0XxiCCaSmVsRGWGJiTZZZSG4yy+vkvZF1XWq7sNlpXabx1GEYziBM3DhCmpwDw1oAYEUnuEV3qwn68V6tz4WrQUrnzmCP7A+fwAEvZFZ</latexit><latexit sha1_base64="SsHsFHcuwG/X3GlDQ6O4mBEDkko=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInmoigl6EYhE8VugXtKFsNpt26WYTdjdCLf0lXjwo4tWf4s1/46bNQVsfDDzem2Fmnp9wprTjfFuFtfWNza3idmlnd2+/bB8ctlWcSkJbJOax7PpYUc4EbWmmOe0mkuLI57Tjj+uZ33mkUrFYNPUkoV6Eh4KFjGBtpIFd7geUa4ya6AbdnddLA7viVJ050Cpxc1KBHI2B/dUPYpJGVGjCsVI910m0N8VSM8LprNRPFU0wGeMh7RkqcESVN50fPkOnRglQGEtTQqO5+ntiiiOlJpFvOiOsR2rZy8T/vF6qw2tvykSSairIYlGYcqRjlKWAAiYp0XxiCCaSmVsRGWGJiTZZZSG4yy+vkvZF1XWq7sNlpXabx1GEYziBM3DhCmpwDw1oAYEUnuEV3qwn68V6tz4WrQUrnzmCP7A+fwAEvZFZ</latexit><latexit sha1_base64="SsHsFHcuwG/X3GlDQ6O4mBEDkko=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInmoigl6EYhE8VugXtKFsNpt26WYTdjdCLf0lXjwo4tWf4s1/46bNQVsfDDzem2Fmnp9wprTjfFuFtfWNza3idmlnd2+/bB8ctlWcSkJbJOax7PpYUc4EbWmmOe0mkuLI57Tjj+uZ33mkUrFYNPUkoV6Eh4KFjGBtpIFd7geUa4ya6AbdnddLA7viVJ050Cpxc1KBHI2B/dUPYpJGVGjCsVI910m0N8VSM8LprNRPFU0wGeMh7RkqcESVN50fPkOnRglQGEtTQqO5+ntiiiOlJpFvOiOsR2rZy8T/vF6qw2tvykSSairIYlGYcqRjlKWAAiYp0XxiCCaSmVsRGWGJiTZZZSG4yy+vkvZF1XWq7sNlpXabx1GEYziBM3DhCmpwDw1oAYEUnuEV3qwn68V6tz4WrQUrnzmCP7A+fwAEvZFZ</latexit><latexit sha1_base64="SsHsFHcuwG/X3GlDQ6O4mBEDkko=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInmoigl6EYhE8VugXtKFsNpt26WYTdjdCLf0lXjwo4tWf4s1/46bNQVsfDDzem2Fmnp9wprTjfFuFtfWNza3idmlnd2+/bB8ctlWcSkJbJOax7PpYUc4EbWmmOe0mkuLI57Tjj+uZ33mkUrFYNPUkoV6Eh4KFjGBtpIFd7geUa4ya6AbdnddLA7viVJ050Cpxc1KBHI2B/dUPYpJGVGjCsVI910m0N8VSM8LprNRPFU0wGeMh7RkqcESVN50fPkOnRglQGEtTQqO5+ntiiiOlJpFvOiOsR2rZy8T/vF6qw2tvykSSairIYlGYcqRjlKWAAiYp0XxiCCaSmVsRGWGJiTZZZSG4yy+vkvZF1XWq7sNlpXabx1GEYziBM3DhCmpwDw1oAYEUnuEV3qwn68V6tz4WrQUrnzmCP7A+fwAEvZFZ</latexit>

⌧ = C/G
<latexit sha1_base64="Vy9G7Ysy2skJPixNt9wljgLseIQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU01E0ItQ7EGPFewHpKFstpt26WY37E6EEvozvHhQxKu/xpv/xk2bg1YfDDzem2FmXpgIbsB1v5zSyura+kZ5s7K1vbO7V90/6BiVasraVAmleyExTHDJ2sBBsF6iGYlDwbrhpJn73UemDVfyAaYJC2IykjzilICV/D6QFF/j5tltZVCtuXV3DvyXeAWpoQKtQfWzP1Q0jZkEKogxvucmEGREA6eCzSr91LCE0AkZMd9SSWJmgmx+8gyfWGWII6VtScBz9edERmJjpnFoO2MCY7Ps5eJ/np9CdBVkXCYpMEkXi6JUYFA4/x8PuWYUxNQSQjW3t2I6JppQsCnlIXjLL/8lnfO659a9+4ta46aIo4yO0DE6RR66RA10h1qojShS6Am9oFcHnGfnzXlftJacYuYQ/YLz8Q0YU4/O</latexit><latexit sha1_base64="Vy9G7Ysy2skJPixNt9wljgLseIQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU01E0ItQ7EGPFewHpKFstpt26WY37E6EEvozvHhQxKu/xpv/xk2bg1YfDDzem2FmXpgIbsB1v5zSyura+kZ5s7K1vbO7V90/6BiVasraVAmleyExTHDJ2sBBsF6iGYlDwbrhpJn73UemDVfyAaYJC2IykjzilICV/D6QFF/j5tltZVCtuXV3DvyXeAWpoQKtQfWzP1Q0jZkEKogxvucmEGREA6eCzSr91LCE0AkZMd9SSWJmgmx+8gyfWGWII6VtScBz9edERmJjpnFoO2MCY7Ps5eJ/np9CdBVkXCYpMEkXi6JUYFA4/x8PuWYUxNQSQjW3t2I6JppQsCnlIXjLL/8lnfO659a9+4ta46aIo4yO0DE6RR66RA10h1qojShS6Am9oFcHnGfnzXlftJacYuYQ/YLz8Q0YU4/O</latexit><latexit sha1_base64="Vy9G7Ysy2skJPixNt9wljgLseIQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU01E0ItQ7EGPFewHpKFstpt26WY37E6EEvozvHhQxKu/xpv/xk2bg1YfDDzem2FmXpgIbsB1v5zSyura+kZ5s7K1vbO7V90/6BiVasraVAmleyExTHDJ2sBBsF6iGYlDwbrhpJn73UemDVfyAaYJC2IykjzilICV/D6QFF/j5tltZVCtuXV3DvyXeAWpoQKtQfWzP1Q0jZkEKogxvucmEGREA6eCzSr91LCE0AkZMd9SSWJmgmx+8gyfWGWII6VtScBz9edERmJjpnFoO2MCY7Ps5eJ/np9CdBVkXCYpMEkXi6JUYFA4/x8PuWYUxNQSQjW3t2I6JppQsCnlIXjLL/8lnfO659a9+4ta46aIo4yO0DE6RR66RA10h1qojShS6Am9oFcHnGfnzXlftJacYuYQ/YLz8Q0YU4/O</latexit><latexit sha1_base64="Vy9G7Ysy2skJPixNt9wljgLseIQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU01E0ItQ7EGPFewHpKFstpt26WY37E6EEvozvHhQxKu/xpv/xk2bg1YfDDzem2FmXpgIbsB1v5zSyura+kZ5s7K1vbO7V90/6BiVasraVAmleyExTHDJ2sBBsF6iGYlDwbrhpJn73UemDVfyAaYJC2IykjzilICV/D6QFF/j5tltZVCtuXV3DvyXeAWpoQKtQfWzP1Q0jZkEKogxvucmEGREA6eCzSr91LCE0AkZMd9SSWJmgmx+8gyfWGWII6VtScBz9edERmJjpnFoO2MCY7Ps5eJ/np9CdBVkXCYpMEkXi6JUYFA4/x8PuWYUxNQSQjW3t2I6JppQsCnlIXjLL/8lnfO659a9+4ta46aIo4yO0DE6RR66RA10h1qojShS6Am9oFcHnGfnzXlftJacYuYQ/YLz8Q0YU4/O</latexit>

<latexit sha1_base64="rhJFDqw84ai0UM22Wf8RWGFTpGk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5pIUS9CsQoeK/QL2lA22027dLMJu5NKqf0pXjwo4tVf4s1/47bNQasPBh7vzTAzz48F1+A4X1ZmZXVtfSO7mdva3tnds/P7DR0lirI6jUSkWj7RTHDJ6sBBsFasGAl9wZr+sDLzmyOmNI9kDcYx80LSlzzglICRuna+MyLqhgkguIav8O1ppWsXnKIzB/5L3JQUUIpq1/7s9CKahEwCFUTrtuvE4E2IAk4Fm+Y6iWYxoUPSZ21DJQmZ9ibz06f42Cg9HETKlAQ8V39OTEio9Tj0TWdIYKCXvZn4n9dOILj0JlzGCTBJF4uCRGCI8CwH3OOKURBjQwhV3NyK6YAoQsGklTMhuMsv/yWNs6J7Xizdlwrl6zSOLDpER+gEuegCldEdqqI6ougBPaEX9Go9Ws/Wm/W+aM1Y6cwB+gXr4xsSjZKV</latexit> �
T

=
E

/C

Fig. 1.1: Schematics of micro-calorimeter.

• X-ray energy  

➡Temperature rises as , 
and decays with  

➡Good energy (< 7 eV) & 
time resolution (< 1 ms)

E ∼ 6 keV ∼ 10−15 J

ΔT = E/C ∼ mK
τ = C/G ∼ a few ms

Micro-calorimeter “Resolve”
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Mission Instruments
Resolve 
Soft X-ray spectrometer for ultra-precise energy measurement

The Basics
Resolve is a precision spectrometer with a 

6×6-pixel X-ray microcalorimeter array at the focus 

of an X-ray mirror assembly (XMA). It provides 

unprecedented energy resolution ("E ≤ 7 eV at 6 

keV) over a wide observation bandwidth of 0.3-

12 keV. It is a non-dispersive spectrograph that 

can precisely observe point sources (e.g., neutron 

stars) and extended sources (e.g., galaxy clusters 

and supernova remnants).

Technology
Detector: A microcalorimeter detector array of 36 

pixels detects minute temperature rises caused 

by incident X-ray photons. It consists of an X-ray 

absorber made of mercury telluride (HgTe) and 

a silicon semiconductor thermometer, which is 

cooled to -273.1°C (0.05 Kelvin) to achieve high-

resolution spectroscopy. Non-X-ray events created 

by cosmic rays passing through the detector are 

identified and eliminated by a semiconductor 

detector placed behind the array.

Cooling system: The cooling system consists of 

an adiabatic demagnetizing refrigerator (ADR), 

superfluid helium, a mechanical refrigerator, 

and a vacuum-insulated container (dewar) that 

houses and mounts the refrigerators to achieve 

the detector's operating temperature (0.05 Kelvin). 

The superfluid helium is gradually consumed 

in orbit, but even after depletion, scientific 

observations can continue due to the cryogen-

free capability designed into the instrument. 

Filter wheel: Three types of X-ray attenuation 

filters will be installed to enable observation 

of the brightest celestial objects. It also has a 

radiation isotope (Fe-55) and modulated X-ray 

sources (MXS) for in-orbit energy calibration.

Mechanism of energy measurement. Figure corresponds to one 
pixel of the detector.
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Photograph of the detector. The 6×6 pixel in the center measures 
5mm × 5mm

Cooling System. Dewar's multi- layer shielding, multi-stage 
refrigerator, and superfluid helium cool the detector (inside the 
CSI) to 0.05K.

Filter wheel. Four MXS in four locations on the left ring side.
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Current status of XRISM

5

2023.09 2024.02 2024.09

Initial Ope. Performance Verification 
(PV) + Calibration

Guest Observation 
Cycle 1

Successful launch 
on 2023.09.07

JAXA

2025.09

Guest Observation 
Cycle 2

X-ray: JAXA/Optical: DSS

JAXA NASA ESA Total
BH, NS, 
WD, etc. 17 10 4 31

SNR etc. 10 6 1 17

AGN etc. 9 13 5 27

Clusters 
etc. 13 12 4 29

Total 49 41 14 104

GO1 approved targets

Now

X-ray image obtained 
in initial ope.

Proposed/Approved = 5.6 
(based on exposure)
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• Spectral resolution of 
Resolve: < 5 eV @5.9 keV, 
corresponding to 
v~200 km/s 
at the Fe-K band 

• Groundbreaking 
performance, especially in 
the Fe-K band, providing 
completely new insights 
into X-ray astrophysics

Extreme spectral resolution

6

JAXA

Cyg X-3, ApJL
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• Resolve’s aperture door (gate valve; GV) is not opened

Gate Valve issue

7

• GV is a 250-μm thick 
Be filter to protect the 
detector from the 
outgas 

• Since 2023.11, we 
tried to open it 3 times, 
but it still closed 

• The XRISM team 
decided to proceed 
with preparations for 
the 4th trial after the 
GO1 observations

XRISM Status Update NASA APAC, March 2024

- Resolve’s aperture door (gate 
valve) has not yet opened, 
despite multiple attempts

- The door blocks soft X-rays, 
shifting Resolve’s energy 
band and reducing the 
effective area

- The investigation into this 
anomaly is still underway, 
and the XRISM team is 
assessing future options and 
the possibility of additional 
opening attempts

- Most Level-1 science 
requirements are still 
achievable with longer 
exposures

- Xtend is unaffected by this
No photons 
< 2 keV

Effective area is 
reduced to 1/1.6 
at Fe-K band
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Galactic compact 
‣ 4U 1916-053 
‣ 4U 1624-490 
‣ GX 13+1 
‣ Cyg X-1 
‣ SS 433 
‣ Cyg X-3 
‣ Cen X-3 
‣ Eta Carinae 
‣ V834 Cen 
‣ GT Mus 
‣ SS Cygni 
‣ T CrB 
‣ Cir X-1 
‣ Vela X-1

PV targets

8

Galactic diffuse 
‣ SN1987A 
‣ Tycho's SNR 
‣ W49B  
‣ Cas A 
‣ Galactic Center 
‣ Kepler’s SNR 
‣ 3C397 
‣ N132D 
‣ Sgr A East

Extragal. compact 
‣ Centaurus A 
‣ Circinus Galaxy 
‣ MCG-6-30-15 
‣ NGC 1365 
‣ NGC 3783 
‣ NGC 4151 
‣ PDS 456 
‣ IRASF05189 
‣ Mkn 766 
‣ M81

Extragal. diffuse 
‣ M82 
‣ Perseus 

Cluster 
‣ Virgo Cluster 
‣ Coma Cluster 
‣ Centaurus 

Cluster 
‣ Abell 2029

✓Six papers have already been published (N132D, 
NGC4151, Cyg X-3, Sgr A* East, Cen X-3, V4641 Sgr) 

✓Many papers have been or will be submitted to 
Nature/Science
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AGN Science with XRISM

9

✦Emission line 
• Doppler broadening by the 
Keplarian motion: 

 

• Emission line width 
➡ location of emitter

vK = GM/r

✦Absorption line 
• Doppler shift by the 
outflowing velocity of the wind 
along our line of sight 

• Absorption line energy/profile 
➡ wind velocity/structure

✓XRISM is the best probe to detect the Doppler effect

accretion flow

outflow (wind)
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AGNs observed in PV phase

10

Jet 
Cen A

Broad Line Region 
NGC 4151

Accretion disk 
MCG-6-30-15

Ionized wind 
NGC 1365

Warm absorber 
NGC 3783

Ultra-fast outflow 
PDS 456

Torus 
Circinus

JAXA

Galaxy merger 
IRASF05189

Gemini 
(NGC 4568 & NGC 4567)

Narrow-line Seyfert 1 
Mkn 766

Low-luminosity AGN 
M81

Accretion flow

Ou
tflo

w (
win

d)



Nuclear structures in 
NGC 4151 
(already published in ApJL)
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• Brightest Seyfert 1 galaxy in X-ray band with strong Fe-K 
emission line 

• One of the most studied Seyfert 1

Seyfert 1 galaxy NGC 4151

12

A&A 603, A50 (2017)

2.3. XMM-Newton

There exist nine observations of NGC 4151 with the EPIC cam-
era (Strüder et al. 2001; Turner et al. 2001) between 2011-05-11
and 2012-12-10. In addition, the XMM-Newton observation with
the ID 679780501 has to be excluded due to poor data quality.
All observations are in small-window mode. We follow the stan-
dard procedure to extract data of all detectors (EPIC-pn, EPIC-
MOS1, EPIC-MOS2, and RGS) using the SAS v.14 and the
most recent calibration files. After creating calibrated event lists
with filtered hot and bad pixels, events between 10 and 12 keV
are screened for particle flaring with a threshold of 0.4 cnts s�1.
We extract all counts within a maximum possible radius of 40–
4300 for EPIC-pn, and within ⇠12000 for EPIC-MOS. While the
region size is physically limited by the chip border in the case
of EPIC-pn, we are able to extract counts from nearly 100% of
the encircled energy fraction of the on-axis PSF for EPIC-MOS.
Background counts are extracted from an o↵-source spot on the
chip within 4500 and 8900 for EPIC-pn and EPIC-MOS, respec-
tively. We detect significant pileup in all three cameras. In the
case of the MOS, we exclude the central pixels within 2000 of the
source position in all cases. For the EPIC-pn, we exclude data
from the inner 1500 for all observations, except for 0679780201,
where 17.500 needed to be excluded due to the higher count-rate
of 8.7 cnts s�1. The EPIC-pn data are binned by a factor of 2
between 0.5–1.0 keV, 4 between 1–5 keV, 6 between 5–8 keV,
and 10 above that. The EPIC-MOS data are binned to a mini-
mum S/N of 10, with additional geometrical binning of 3, 5, and
12 channels/bin in the 0.5–1.0, 1.0–3.0, and 3.0–10 keV bands,
respectively. This choice guarantees at least 20–25 cnts bin�1 and
provides an optimal trade-o↵ between a decently binned contin-
uum and su�cient data bins around line features in the spectrum.
The first XMM-Newton observation, XMM 1, will not be further
used due to strong particle flaring. For XMM 2, we exclude the
EPIC-MOS data due to the small amount of net-exposure after
filtering the event-files.

From the RGS (den Herder et al. 2000) data, we extract
both orders with the task rgsproc and combine the spectra of
the detectors RGS 1 and RGS 2 for each order with the task
rgscombine. When fitting the RGS data, we simultaneously in-
clude both orders and all considered observations. We choose
a geometrical binning of a factor of 3 for individual spectra to
limit the oversampling of the theoretical RGS energy resolution
as suggested by Kaastra & Bleeker (2016). Given the lack of suf-
ficient counts per bin, we choose Cash-statistics for the further
data analysis. Due to the low e↵ective area at short wavelengths,
we only consider data below 1.3 keV (9.5 Å).

3. X-ray spectral analysis

In the following, we examine all XMM-Newton, Suzaku and
NuSTAR observations. These observations were taken over a
period of more than one year. We provide a detailed investi-
gation of the spectral components as well as their variability.
We apply the Galactic column of NH,Gal = 2.3 ⇥ 1020 cm�2

(Kalberla et al. 2005) in all cases. In Fig. 2, we show the spec-
tra of all observations in the top panel. The data imply a lack
of obvious variability of the soft X-rays below ⇠1 keV. The
source is moderately variable above 6 keV within the range of
1–1.5 ⇥ 10�3 Photons cm�2 s�1 keV�1 at 10 keV with XMM 5
catching the source in an exceptionally low flux state. Strong
spectral variability, in contrast, is apparent for the range between
⇠1 and 6 keV, both in spectral shape and normalization. This ar-
gues strongly against a physical partial coverer to explain the
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Fig. 2. Fit to the XMM-Newton and Suzaku data. The model consists
of a power law that is partially covered by near-neutral intrinsic mate-
rial as well as fully covered by Galactic foreground gas. A xillver-
component of ionized, unblurred reflection is used to model the narrow
iron line and potential soft-line emission.

continuum including the soft emission below ⇠1 keV (see earlier
work by Holt et al. 1980; Perola et al. 1986; Fiore et al. 1990)
but in favor of di↵use emission from optically thin and ionized
gas on larger spatial scales (e.g., Wang et al. 2011a, and refer-
ences therein).

3.1. Motivation for a blurred-reflection component

As a first approach to model the X-ray data, we simultaneously
fit all XMM-Newton and Suzaku spectra with an incident and re-
flected power law (xillver; García et al. 2013, reflection o↵
an optically thick, geometrically thin, ionized accretion disk)
that is absorbed by near-neutral intrinsic material (zxipcf) and
Galactic foreground gas (tbnew). We fit the di↵use emission be-
low 1 keV phenomenologically with a partial-covering version
of zxipcf with a covering fraction of ⇠98%. We emphasize
that the partial coverer has no physical meaning in this case and
reflects the combination of a fully absorbed with an attenuated
power law, both of identical slope. A physical interpretation of
the latter would be nuclear emission scattered o↵ distant and
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era (Strüder et al. 2001; Turner et al. 2001) between 2011-05-11
and 2012-12-10. In addition, the XMM-Newton observation with
the ID 679780501 has to be excluded due to poor data quality.
All observations are in small-window mode. We follow the stan-
dard procedure to extract data of all detectors (EPIC-pn, EPIC-
MOS1, EPIC-MOS2, and RGS) using the SAS v.14 and the
most recent calibration files. After creating calibrated event lists
with filtered hot and bad pixels, events between 10 and 12 keV
are screened for particle flaring with a threshold of 0.4 cnts s�1.
We extract all counts within a maximum possible radius of 40–
4300 for EPIC-pn, and within ⇠12000 for EPIC-MOS. While the
region size is physically limited by the chip border in the case
of EPIC-pn, we are able to extract counts from nearly 100% of
the encircled energy fraction of the on-axis PSF for EPIC-MOS.
Background counts are extracted from an o↵-source spot on the
chip within 4500 and 8900 for EPIC-pn and EPIC-MOS, respec-
tively. We detect significant pileup in all three cameras. In the
case of the MOS, we exclude the central pixels within 2000 of the
source position in all cases. For the EPIC-pn, we exclude data
from the inner 1500 for all observations, except for 0679780201,
where 17.500 needed to be excluded due to the higher count-rate
of 8.7 cnts s�1. The EPIC-pn data are binned by a factor of 2
between 0.5–1.0 keV, 4 between 1–5 keV, 6 between 5–8 keV,
and 10 above that. The EPIC-MOS data are binned to a mini-
mum S/N of 10, with additional geometrical binning of 3, 5, and
12 channels/bin in the 0.5–1.0, 1.0–3.0, and 3.0–10 keV bands,
respectively. This choice guarantees at least 20–25 cnts bin�1 and
provides an optimal trade-o↵ between a decently binned contin-
uum and su�cient data bins around line features in the spectrum.
The first XMM-Newton observation, XMM 1, will not be further
used due to strong particle flaring. For XMM 2, we exclude the
EPIC-MOS data due to the small amount of net-exposure after
filtering the event-files.

From the RGS (den Herder et al. 2000) data, we extract
both orders with the task rgsproc and combine the spectra of
the detectors RGS 1 and RGS 2 for each order with the task
rgscombine. When fitting the RGS data, we simultaneously in-
clude both orders and all considered observations. We choose
a geometrical binning of a factor of 3 for individual spectra to
limit the oversampling of the theoretical RGS energy resolution
as suggested by Kaastra & Bleeker (2016). Given the lack of suf-
ficient counts per bin, we choose Cash-statistics for the further
data analysis. Due to the low e↵ective area at short wavelengths,
we only consider data below 1.3 keV (9.5 Å).

3. X-ray spectral analysis

In the following, we examine all XMM-Newton, Suzaku and
NuSTAR observations. These observations were taken over a
period of more than one year. We provide a detailed investi-
gation of the spectral components as well as their variability.
We apply the Galactic column of NH,Gal = 2.3 ⇥ 1020 cm�2

(Kalberla et al. 2005) in all cases. In Fig. 2, we show the spec-
tra of all observations in the top panel. The data imply a lack
of obvious variability of the soft X-rays below ⇠1 keV. The
source is moderately variable above 6 keV within the range of
1–1.5 ⇥ 10�3 Photons cm�2 s�1 keV�1 at 10 keV with XMM 5
catching the source in an exceptionally low flux state. Strong
spectral variability, in contrast, is apparent for the range between
⇠1 and 6 keV, both in spectral shape and normalization. This ar-
gues strongly against a physical partial coverer to explain the
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Fig. 2. Fit to the XMM-Newton and Suzaku data. The model consists
of a power law that is partially covered by near-neutral intrinsic mate-
rial as well as fully covered by Galactic foreground gas. A xillver-
component of ionized, unblurred reflection is used to model the narrow
iron line and potential soft-line emission.

continuum including the soft emission below ⇠1 keV (see earlier
work by Holt et al. 1980; Perola et al. 1986; Fiore et al. 1990)
but in favor of di↵use emission from optically thin and ionized
gas on larger spatial scales (e.g., Wang et al. 2011a, and refer-
ences therein).

3.1. Motivation for a blurred-reflection component

As a first approach to model the X-ray data, we simultaneously
fit all XMM-Newton and Suzaku spectra with an incident and re-
flected power law (xillver; García et al. 2013, reflection o↵
an optically thick, geometrically thin, ionized accretion disk)
that is absorbed by near-neutral intrinsic material (zxipcf) and
Galactic foreground gas (tbnew). We fit the di↵use emission be-
low 1 keV phenomenologically with a partial-covering version
of zxipcf with a covering fraction of ⇠98%. We emphasize
that the partial coverer has no physical meaning in this case and
reflects the combination of a fully absorbed with an attenuated
power law, both of identical slope. A physical interpretation of
the latter would be nuclear emission scattered o↵ distant and
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Bechert+17

•  

•

MBH = (3.4 ± 0.4) × 107 M⊙

z = 0.0033
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fits (T. Yaqoob 2024). It is possible that a much broader
component—potentially relativistic reflection from the inner-
most accretion disk—is present in the data; this analysis is
deferred to a forthcoming paper including simultaneous
NuSTAR and NICER data (R. Boissay-Malaquin et al. 2024,
in preparation).

Building on fits to deep Chandra grating spectra that
revealed asymmetry and broadening consistent with Keplerian
orbital motion (J. M. Miller et al. 2018), we elected to fit the
line profile with three “mytorus” line components, each
broadened by an independent “Speith” function within SPEX.

The “mytorus” component is ideally suited to Resolve data: it
has a native resolution of 2 eV, and it self-consistently includes
Kα,1 and Kα,2 lines, associated Kβ lines, and a Compton
shoulder with a strength that depends on the column density of
the emitting gas (K. D. Murphy & T. Yaqoob 2009). Formally,
the parameters of “mytorus” include (1) the column density of
the emitting gas, (2) the inclination of the emitting gas with
respect to our line of sight, (3) the photon index of the
illuminating power-law function, (4) the redshift of the emitting
gas, and (5) a flux normalization (in the same units as the
power-law normalization; we used the “mytorus” table model

Figure 1. XRISM/Resolve spectra of NGC 4151 from Observation 000125000 and Observation 000137000. The spectra are binned for visual clarity and shifted to
the frame of the host. The plots in the energy space cover a slightly broader range than the plots in the velocity space, which aim to reveal the details of the complex
Fe K lines better. The velocity-space plots show narrow (cyan), intermediate (blue), and broad (magenta) line components, likely from the innermost face of the torus,
the inner face of the BLR, and a warp or discontinuity at approximately r ; 100 GM/c2, respectively. The best-fit model for each spectrum is shown in red, including
absorption lines from X-ray warm absorber winds that will be treated in a forthcoming paper (X. Xiang et al. 2024, in preparation). The dashed vertical lines mark the
location of Fe Kα,1 and Kα,2 line components at 6.404 keV and 6.391 keV, respectively.

5

The Astrophysical Journal Letters, 973:L25 (14pp), 2024 September 20 XRISM Collaboration

• XRISM decomposed the Fe-K emission line into 
3 components with different velocity widths (=radii)

XRISM spectrum of NGC 4151

13

rnar /(GM/c2) = 5600+5000
−3100

rintm/(GM/c2) = 3100+1400
−1200

rbrd /(GM/c2) = 73.8+103.2
−35.3

XRISM Collaboration, 
ApJL, 973, 1, L25, 2024
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~100 Rg
~1000 Rg

~10000 Rg

• XRISM enabled to probe the circumnuclear structures at multiple scales 
of 100‒10000 Rg, almost independent from the material states (plasma, 
gas, dust, etc.) 

• With XRISM, we can now investigate the difference in the geometry 
among different types of AGNs (Compton-thick, Radio-loud, etc.)

Structures revealed by XRISM

14

fits (T. Yaqoob 2024). It is possible that a much broader
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most accretion disk—is present in the data; this analysis is
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line profile with three “mytorus” line components, each
broadened by an independent “Speith” function within SPEX.

The “mytorus” component is ideally suited to Resolve data: it
has a native resolution of 2 eV, and it self-consistently includes
Kα,1 and Kα,2 lines, associated Kβ lines, and a Compton
shoulder with a strength that depends on the column density of
the emitting gas (K. D. Murphy & T. Yaqoob 2009). Formally,
the parameters of “mytorus” include (1) the column density of
the emitting gas, (2) the inclination of the emitting gas with
respect to our line of sight, (3) the photon index of the
illuminating power-law function, (4) the redshift of the emitting
gas, and (5) a flux normalization (in the same units as the
power-law normalization; we used the “mytorus” table model

Figure 1. XRISM/Resolve spectra of NGC 4151 from Observation 000125000 and Observation 000137000. The spectra are binned for visual clarity and shifted to
the frame of the host. The plots in the energy space cover a slightly broader range than the plots in the velocity space, which aim to reveal the details of the complex
Fe K lines better. The velocity-space plots show narrow (cyan), intermediate (blue), and broad (magenta) line components, likely from the innermost face of the torus,
the inner face of the BLR, and a warp or discontinuity at approximately r ; 100 GM/c2, respectively. The best-fit model for each spectrum is shown in red, including
absorption lines from X-ray warm absorber winds that will be treated in a forthcoming paper (X. Xiang et al. 2024, in preparation). The dashed vertical lines mark the
location of Fe Kα,1 and Kα,2 line components at 6.404 keV and 6.391 keV, respectively.
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The Astrophysical Journal Letters, 973:L25 (14pp), 2024 September 20 XRISM Collaboration

disk BLR torus

※Rg=GM/c2



No photos or screenshots
Preliminary & unpublished results 
will be presented hereafter
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• The X-Ray Imaging and Spectroscopy Mission (XRISM) 
was successfully launched in 2023.09 and now performing 
Guest Observation (GO) cycle 1. 

• As the Performance Verification (PV) observations, 
~40 targets are observed, and many papers are getting to 
be published. 

• In the AGN science, XRISM’s unprecedentedly high spectral 
resolution of < 5 eV (FWHM) at the Fe-K band enables us 
to probe: 
✓circumnuclear structures from the very vicinity to 
~10000 GM/c2 from supermassive black holes 

✓internal structures of the powerful accretion disk winds

Summary

29




