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Abstract:

Despite its vast extent—spanning hundreds of kiloparsecs beyond the galactic disk—the circumgalactic medium (CGM) is shaped
by microphysical processes operating on much smaller scales. One key example is the coupling between cosmic rays and gas.
Under the right conditions, cosmic rays can dominate the pressure support in the CGM of low-redshift L* galaxies. However, this
coupling depends sensitively on AU-scale magnetic field fluctuations—well below the resolution limit of modern galaxy-scale
simulations. In this talk, | will highlight recent theoretical developments in cosmic-ray transport and their implications for CGM
pressure profiles. I'll also introduce CGSM, a new subgrid model designed to represent unresolved cold gas structures in
hydrodynamic simulations, and discuss its potential to bridge the gap between microphysics and galaxy evolution.
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Tumlinson, Peeples, Werk 2017 .
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Tumlinson, Peeples, Werk 2017
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Cosmic ray pressure can explain many CGM observations
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Quataert and Hopkins 2025; Ji et al. 2020, 2021
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Cosmic rays may be dominant CGM pressure
(around low-redshift L* galaxies)
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caveat: predictions are sensitive to assumed models of cosmic-ray
transport

Pirsa: 25070045 Page 6/21



+GeV Cosmic-ray transport is severely under-constrained

existing constraints can’t
distinguish between the vast
range of allowed models
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Constraining CR transport in the CGM
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Butsky et al. 2023

irsa: 25070045 Page 8/21



First constraints on CR transport in CGM using COS-Halos! 7

Werk et al. 2013, Butsky et al. 2023
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First constraints on CR transport in CGM using COS-Halos!

Werk et al. 2013, Butsky et al. 2023
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First constraints on CR transport in CGM using COS-Halos!

Werk et al. 2013, Butsky et al. 2023

| Hlopklir]sl Iet al. 2025.

Z24: MW-mass

Z24: M31-mass

Z24: 2M31-mass =
Vst ~ 100kms? ]
Cool CGM Absorption

MW LISM

-
(34
.
-
-
.

ot
b
"

AI L ]
'S 1 Al ' |IITII 1 L A L ' I]I:

32
W 31- TR L
£ ) :
LA £ -
2 E" 1031 L
© 2
£ og =
& o 10°F
© 28 - e F
- &

27 ] - 1029__

T T T T 10!
SiE2 =10 -0.8 -0.6 -0.4 -0

Log (r / Rvir)

Pirsa: 25070045

10° 103
Distance from Galaxy r [kpc]

distance from galaxy center

Page 11/21



+GeV Cosmic-ray transport is severely under-constrained

existing constraints can’t
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ge of allowed models
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Traditional, ‘continuous” CR scattering models
are fundamentally flawed
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Intermittent / “patchy” model of CR scattering
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~ - ploly Intermittent magnetic
bOlﬂCldence. £LeR structures: folds, plasmids,
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Microstructure in diffuse ISM
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see Stella Ocker’s talk tomorrow!
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Tumlinson, Peeples, Werk 2017
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Resolving <pc-scale physics in galaxy-scale
simulations

Cooper08
TIGRESS
Vijayan17

Isolated patch and global
galaxy simulations

Zoom and static mesh
refinement simulations

—_
%)
e
[=
h=l
=
=
o
w
@
44
Q
)]
@
Lo
3]
>
<C

Cosmological simulations
llustrisTNG50 *

EAGLE . . .
lustrisTNG300 * Isolated wind simulations

10’ 10 10"

Number of Volume Elements

* figure adapted from Schneider+ 2018
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Resolving <pc-scale physics in galaxy-scale
simulations

Cloud-Shattering Scale
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* figure adapted from Schneider+ 2018
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Cold Gas Subgrid Model (CGSM)
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Unresolved traditional hydro gets the wrong timescales

Butsky et al. 2024b
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Take-aways

We should all be thinking
about cosmic rays
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