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Why X-rays?

X-ray: 0.1 – 10 keV   

~ 106 – 108 K
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How does an X-ray spectrum look like?

Bremsstrahlung + 
collisional excitation
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X-ray Imaging and Spectroscopy Mission 
(XRISM)

• Launch: Sep 7, 2023

• Commissioning: Sep 2023 – Feb 2024 

• First light observations (Nov/Dec 2023)

• Feb 2024 – Aug 2024: In-flight calibration and 

Performance Verification (PV) phases

• Aug 2024: General Observer (GO) program
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Edge+1990

The brightest clusters in the sky



SMBHs and AGN feedback

Fabian+2006,2011

Feedback heating vs. radiative cooling

Hα filaments X-ray bubbles Radio bubbles

X-ray imageOptical Radio
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Hierarchical formation (mergers, accretion)
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Markevitch 2006, Clowe+2006



Sloshing: oscillations in the 
stratified atmosphere

Paterno-Mahler+2013

A2029
Perseus



Perseus: a direct probe of the AGN feedback kinematics 

A2029: lower nonthermal pressure than expected?

Coma: very steep energy power spectrum?

A1914: a line-of-sight merging cluster

And many more …
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The Perseus cluster

arXiv:2509.04421 (XRISM collaboration, C. Zhang, A. Heinrich, I. Zhuravleva corresponding)
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A double-cascade scenario



Perseus

C. Zhang, et al. in prep.

XRISM collaboration 2025

Nonthermal pressure

A2029
670 kpc



XRISM collaboration, submitted

A comparison with cosmological simulations



A. Heinrich et al. submitted

~1100 km/s pairwise velocity

A1914 – a merging cluster along the LOS 

A Ying-Yang configuration



XRISM collaboration 2025

Coma cluster

A steep power spectrum – unexpected 
dissipation scale?



Take home messages

• The era of high-resolution X-ray spectroscopy has already arrived.

• XRISM has delivered exciting results on cluster mergers, AGN 
feedback,  turbulence, etc. 

• All PV data have been released since September.
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