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Motivation



Magnetic Fields, mostly unknown !
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Magnetic Fields, mostly unknown !
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What Galaxy Clusters tell us



ICM is the hot Atmosphere of Massive Galaxies

C Measured in large details Coma
X-ray (temperature, velocities)
SZ (pressure)

EROSITA (X -ray ), Churazov + 2021
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ICM is the hot Atmosphere of Massive Galaxies

LOFAR (144 MHz), Bonafede + 2020

GMRT (352 MHz), Brown+ 2011

C Measured in large details :
X-ray (temperature, velocities) 28730 et foft
SZ (pressure) :

C Non -thermal components °°'
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ICM is the hot Atmosphere of Massive Galaxies
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Magnetic Fields, mostly unknown !
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Magnetic Fields, mostly unknown !
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Magnetic Fields, mostly unknown !
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A turbulent dynamo amplifying

Dynamo In Galaxies
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Dynamo

In Galaxies
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Dynamo In Galaxies
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» Evidence for small scale turbulent dynamo

via magnetic field linesf curvature !
(e.g. Vazza+ 2018)

» The curvature of the field lines follows the

predictions from dynamo theory!
(e.g. Schekochihi+ 2004)
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Dynamo/outflows in Galaxies
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First MHD galaxy simulation with fully resolved, two phase dynamo
and magnetic driven outflows, triggered by bar instability !

magnetic field velocity

z [kpe)
L . »
2 [kpe)

1 o i i s we et T ey Ex r
x [kpe) x (kpe)

Volume ;
v::ieggommo Steinwandel + 2020
—0.0003162
/ —0.0001000

—3.162e-05

10'° Mo kpc3 h2

1.000e-05
Max: 0.4448

Gauss

é

galactic outflow!
(interplay between bar / dynamo!)

17 of 22 CHANG -ES”* Galaxies
fkpg/mv 15 show outflow + bar !

(*) Krause+ 2020

and

first to find a

NGC891
R/ _UIrich
; NGC253 Steinwandel
. |
:
e Q Heesen+ 2011
Beck+ 2013 o NGC3556

Dec (J2000)

a3

42

a1

40'

39

+55°38'

12m00s 45s 30s
RA (J2000)

15s 11h11mo00s

Miskolczi+ 2019



Magnetic Fields, mostly unknown !
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Magnetic Field
and
CRs In Galaxy Cluster



What do CR (electrons) tell us?

Short cooling time of

C test shocks on 10th of kpc
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What do CR (electrons) tell us?

Short cooling time of
C test shocks on 10th of
C test turbulence

(re -acceleration)

Shocks
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Numerical Challenges
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Simulations of turbulent dynamo

In the ICM
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Observational inferred Turbulence in Galaxy Clusters
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Decaying Turbulence in Simulations and different methods (1)

e |C: p = const, seed ~ 70 large
scale modes.
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Decaying Turbulence in Simulations and different methods (lI)
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mach number size of galaxies

Effect of viscosity? i e
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Role of viscosity in Simulations and different methods (I)

Ideal xy
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Developing a Fokker -Planck solver for CRs
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Shocks in Galaxy Clusters



Galaxy clusters, the hot atmosphere of massive galaxies

Galaxy Clusters:

M~ 2x10 M,

almost 10 9 partin Ry,
~ 90.000 galaxies

~ 250.000 timesteps

€as istars 240 pc/h

z=15.862

Mach number: 3



Can we still learn something from this?

When clusters form, they are
heated by internal shocks

Virial shock is pushed
! back through
with internal shocks!
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Or even explain some observations?

Perseus Cluster

Contact Discontinuity (CD) at

R=1.7Mpc observed in Perseus.

< Suggested to be sloshing

vV but Timescale would be 8 Gyr !
v Can be more naturally created
through collision of shocks !
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