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Image Credit: ESA/Hubble & NASA



Clusters Grow
Through Mergers

t = 0.00 Gyr |

e Shocks form

» Redistributes ~ 10%* erg
of energy

e Heats and thermalizes ICM
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Abell 665

* Plane of sky merger
o Strong (M~3) shock
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Electron-lon Equilibration

Instant Shock Model
Post-Shock

T,=T,

Instant Model : Pre-Shock
||

800 1200
Radius (kpc)

Christian Norseth (University of Utah, UT, USA) - AAS 248, 2026



Electron-lon Equilibration 1;

Delayed Shock Flodel
Post-Shock

foq ~ 100 Myr

Instant

heating
by the
shock

Adiabatic
Compression
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Electron-lon Equilibration

Equilibration Models
Post-Shock

Instant Model
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Abell 665 o NUSTAR

Delayed Equilibration Favored

NuSTAR A665 Deprojected Temperatures
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Delayed Equilibration Favored
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NuSTAR

Delayed Equilibration Favored

NuSTAR A665 Deprojected Temperatures
Post-Shock
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Mach Number

NuSTAR Temperature Jump Chandra Temperature Jump Chandra Density Jump

(M = 3.0 £0.6) (M=34+0.7)
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Addition to small handful
of other such work:
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Bullet Cluster Bow (M = 3.0 £ 0.4)

Markevitch (2005)
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Projected electron temperature (keV)

Instant equilibration model

Collisional equilibration model

Russell et al. (2022)
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Abell 2146 Bow (M =2.3%0.2)
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Bullet Cluster Bow (M = 3.0 £ 0.4)

Addition to small handful
of other such work:
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The Polarimetric High-Energy Modular Telescope Observatory

. Projected Temperatures
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Summary

* Cluster merger shocks thermalize the

ICM:
Instant model: Delayed model:
 Electrons and ions both * lons receive more energy
heated by shock from shock
* Electrons adiabatically
compressed

* Collisionally equilibrate
over ~100 Myr

 NuSTAR data favors delayed heating

* Improves understanding of ICM
microphysics

* \We need more sensitive telescopes!
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Cross-Calibration
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Cross-Calibration

Dasadia+16 CIAO 4.13/CALDB v4.9.1 CIAO 4.7/CALDB v4.6.9
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Cluster Region Comparisons

Cross-Calibration

- Model Fit
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