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COSMIC MAGNETISM IS (MOSTLY) A STORY OF PLASMA PHYSICS

» How are magnetic fields created? Magnetogenesis

» How are magnetic fields amplified to what we see? Dynamo

» How do magnetic fields influence matter?
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WHY DOES THIS HAPPEN?

WHAT CAN BE EXPECTED IN DIFFERENT REGIMES?
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WE SEE SIMILAR SELF-ORGANIZATION IN GALAXIES AND CLUSTERS

Milky way field structure, Planck

Credit ESA/Planck collaboration



Correlated fields in the “Sausage relic” in
cluster CIZA J2242+53, Kierdorf+ (2017)

IC 342, combined Optical/Radio

Credit: R. Beck, MPIfR; NRAO/AUI/NSF
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I want to talk about a regime where we don’t
even know what equations to solve...

HIGH 3
B _ Pihermal o 87y
P, magnetic B
High B plasma
= weak magnetic fields
= dominated by

thermal energy

WEAKLY COLLISIONAL

)\mfp > other scales

System scales
Ion gyroradius
Plasma motions

Fluid theory (e.g., MHD)
applies?



A theory of “fluid dynamics”

u+u-Vu=—p 'VP+...7
Well described by normal (magneto) hydrodynamics?

e.g., viscosity, conductivity, energy dissipation, ...

Credit: Universitdit Duisburg-Essen Credit: University of Queensland



Intracluster Medium (ICM)
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The Warm/Hot Ionized Mediums
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(Hot) Accretion flows

Amfp > R > p;
8 >1

Image: MPIFR



High-z halos

N

B > 1019? Unmagnetized?? Magnetogenesis?

/Imfp — ?

Image: FIRE collaboration



PERTURB MAGNETIC FIELD?

e.g., sound (ton-acoustic) wave

W 2, Vi

Y

wavelength ~ galaxy size
W <K Qz

see also Verscharen et al. (2016)



PRESSURE PERTURBATION

» Can have a different pressure parallel and perpendicular to the
ﬁeld, P and p”

dl

V] V1

Magnetic tension



PERTURB MAGNETIC FIELD?

w 2 Vi (wavelength < 0.01*galaxy)

_mUZ
=98

conserved

B p Ap
B Ap




PERTURB MAGNETIC FIELD?

0B%  §Ap Oyu=---+V - [bb(B* + Ap)
B - Po 2/ 1 \
0 0B° ~ B 0Ap

Momentum stress due to Ap ~ [*magnetic pressure

Fluid theory (MHD) completely wrong?

k-1
E
g
= | Energy-containing
Even though 3 |
= Ion gyroscale
L >>> ,0 7} @ Dissipation
[-?J Energy flow range

Wave number



PRESSURE ANISOTROPY MICRO-INSTABILITIES
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PRESSURE ANISOTROPY

Mirror Instability
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Kunzetal. 2014



ICM WAVE

Key points:

» Firehose/mirror excited very easily.

» Act to limit Ap

Q;/|IVu| ~ (kp;)~' ~ 10" they act instantaneously

» Saturation controls large-scale dynamics
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LARGE SCALES  Drive microinstabilities  MICROSCALES

A > p; A~ p;
> Maylf)e not like » Plasma unstable if
a fluid? Effective collisionality |Ap| = B2

IN A COLLISIONAL GAS/PLASMA
LARGE SCALES MICROSCALES



Energy

Injection
scale

Dissipation scale




WE'VE BEEN WORKING TO UNDERSTAND TURBULENCE AND ENERGY FLOW

Squire et al. JPP (2019)

- “Collisional

Collisional

: Weakly : Weakly
flud collisional flud collisional
plasma plasma

Some interesting differences...



AND DYNAMO — WHERE DO THE FIELDS COME FROM?

» Most dynamo theory assumes
“flow not influenced by
magnetic field”

» This cannot be true in weakly
collisional plasmas

» Even with very small fields
f > 1 the plasma becomes
unstable because of their
presence.

» Do the fields grow more or less
easily?



CONCLUSIONS

» There remains much to learn about the behavior of hot, weakly
magnetized plasmas.

» Did primordial fields exist before stars and galaxies? Was a
field left over from the big bang? What is the structure of the
universe’s field today?

» The SKA will increase field measurements ~1000’s fold:
» RMs for local sources detailed 3D maps
» High-z synchrotron measurements ) the origin of present day fields

» Faraday rotation of the CMB big-bang fields?



