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Q MIEBEFOER

e AGN feedback

* Heating and cooling

* Mergers

* Bulk and turbulent motions,
particle acceleration,
magnetic fields

e Chemical enrichment

Q EE?I%
* Intracluster gas

e Dark matter
* WHIM

Q FHRILH

Simulated X-ray cluster

e Mass function (Roncarelli+06)
e Gas-mass fraction

@ Major astrophysical

questions (Nandra+|3)

How do baryons in groups
and clusters accrete and
dynamically evolve in the
dark matter haloes?

What drives the chemical
and thermodynamic evolution
of the Universe’s largest
structures?

What is the interplay of
galaxy, SMBH, and
intergalactic gas evolution in
groups and clusters?

Where are the missing
baryons at low redshift and
what is their physical state?

For review, Bohringer+10;Allen+1 I; McNamara+12; Reiprich+1 3; Pratt+19 and many
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Gas velocity field
(Nelson+14)
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&) Hydrostatic cluster mass bias

=12 (0P 9p(v)?  Opo?
M(<r) = Gp <8fr i or +r

x Thermal Pressure P

\ Random gas motion o

-»/f (Turbulence)

’ Bulk gas motion (v)

Measuring both bulk and random gas
velocities recovers the total cluster mass Lau, Nagai, Nelson+13

D. Nagai @Cosmology with clusters, Madrid 2014
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| PR T K 6.7 keV Fe XXV line for kT=5keV
«J\IL Y EE <o

AEbuik = Eo Vbui/c .
= 6.7eV (Vbui/300 kms-') for 6.7keV
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Q@ X#CCDIc £ B /\)L 7 EEDEIFE* relaxed

merging
* Suzaku/XIS
- No detection in 12 clusters (Ota+07; Fujita+08; Sato+08; Sugawara+09;
Sato+1 I; Nishino+12;Tamura+14; Ota & Yoshida 16)
- Detection of AV~1500 km s-! in A2256 (Tamura+11)
- Marginal detection of AV ~ 200/1400/2100 km s-! in Perseus/A2029/A2255
(Tamura+14; Ota&Yoshidal 6)

« XMM/EPIC
- Gas sloshing ~480 + 210 km s-! in Perseus (Sanders+20)
- Gas sloshing and AGN outflow in Virgo/Centaurus (Gatuzz+22a,22b)

* Chandra/ACIS (e.g., Dupke+06)
- AV~1400 + 300/4600 = 1100 km s-! in A2142/A115 (Liut16)

1BE D ERAE 77 X 5E

Relaxed/mergingfM /3 (IC T ABENFET 22 &= RE
S REBSVPIFRNENZ KD IEEICHBICIEAA Y X —FHihE

(*) ICXMM/RGSELTRIE CHEEERIE (HBEGEL REAEEWD S T), BEBFMSZRRR L.

See also Sanders 23; Simionescu+19



ASTRO-H “Hitomi”
Launched on |7 Feb 2016
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| Hitomi/SXS Spectrum

SXS observations
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* Hitomi observed 6 celestial objects, including the Perseus cluster and SNRs
... to be continued by XRISM
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XRISM X-Ray Imaging and Spectroscopy Mission

X-ray Mirror Assembly (XMA)
_, HPD=I"7

[l

Energy Resolution @ 6 keV Instrument FOV  AE  Bandpass
XRISM Pixel# FWHM @6 keV
Y Resolve 29'x29'0 7eV
. . / — = .
Field of View [« Effective area @ 1 keV (XMA + X-ray 6 X 6 pix (goal 5 eV) 0.3-12keV
Wichieiidea u—calorimeter)
Xtend 38'x38' 0 <250 eV EOL
uSTAR o . S0 © 0.4-13 keV
OxaRM (XMA + CCD) 1280 x 1280 pix (< 200 eV BOL)
Spatial resolution 'Chandra Effective area @ 30 keV

Tashiro et al. 2020; XRISM quick reference (arXiv:2202.05399)
14




Resolve status
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XRISMEZHZ

1. Revealing the structure formation of the Universe and evolution of galaxy clusters
2. Understanding the circulation history of baryonic matters in the Universe

3. Investigating the transport and circulation of energy in the Universe

4. Realizing the new science with high-resolution X-ray spectroscopy
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(C) JAXA

Tashiro et al. 2020; XRISM white paper (arXiv:2003.04962)




Cluster science with XRISM

* AGN feedback
* Precise mass measurement and cluster cosmology
* Cluster mergers

* Chemical composition

* Missing baryons and WHIM
* New spectral features
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XRISM white paper (arXiv:2003.04962); ASTRO-H white paper (arXiv:1412.1176)
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9 Motivation
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(Ota, Nagai & Lau 2018)



Relaxed cluster
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Ota, Nagai, & Lau (2018)
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Photon map from hydrodynamical sims by Nagai+07; Nelson+|
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Photon map from hydrodynamical sims by Nagai+07; Nelson+14 deprojected
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Schedule and current status

Guest scientists selection *

JAXA PDR PV targets selection 2023
JAXA MDR/SRR 2022 Launch
JAXA pre-project/NASA project start 2021 \J R&Z
NASA CDR CDR 8 H LA

Pre-flight test

Fabrication & Intégration
201 9 Verifications & Ground calibration

AOs for participating scientists 2020

2018 Detailed design phase
2017 Basic design |
2016 XARM— XRISM )

“XARM” proposed

Hitomi termination— Lessons
Investigation

Hitomi failure

Ship to TNSC

G~

m Tl ‘ _ Thermal Vacuum test@TKSC

Date Event

Aug 2023 (Assumption) Launch
Call for AO | Aug to Nov 2023 C.rmccu.l & Commissioning operation
~2mo after launch Nov 2023 First Light
Dec 2023 Early release target, Calibration target
Dec 2023 to June 2024 Performance Verification (PV) and
. . . . Calibration
Xrlsm.lsas.jaxa.jp June 2024 Guest Observers Program (GO-1)

Terada 2023 IACHEC K D 3



http://xrism.isas.jaxa.jp
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