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Introduction
Magnetic fields in galaxiesIntroduction

Magnetic fields in galaxies

Magnetic fields at equipartition with turbulent
energy. They are a non-negligible component of the
interstellar medium (ISM)

Image credit: R. Beck/MPIfR (radio emission, VLA+Effelsberg) and T. A. Rector, University of Alaska
Anchorage, and H. Schweiker, WIYN and NOAO/AURA/NSF (optical, Kitt Peak Observatory)

IC 342, dashes display 6.2cm polarized emission (rotated 90 degrees)

(Beck et al. 2015; Bernet et al. 2008; Beck & Wielebinski 2013).
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Introduction
The gap between primordial magnetism

and structure magnetic fields

Introduction
From theory to observations: the gap between primordial 

magnetism and galactic magnetic fields

Image credit: R. Beck/MPIfR (radio emission, VLA+Effelsberg) and T. A.
Rector, University of Alaska Anchorage, and H. Schweiker, WIYN and
NOAO/AURA/NSF (optical, Kitt Peak Observatory)

Simulated filament intrinsic radio emission.
Image credit: Vazza et al. 2015.

(e.g. Mulcahy et al. 2014; Beck, 2015).

(e.g. Clark, 2004; Ferrari et al. 2008).

(???).

(Planck collaboration XIX, 2015)

(Neronov & Vovk, 2010; opposed by Broderick et al. 2012)
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Introduction
The different theoretical origins of 

galactic magnetic fields

Dynamos .

Image Credit: Federrath et al. 2014.

Image Credit: Gissinger et al. 2009

Image Credit: Machida et al. 2013

Image credit: J. O. Burns,

University of Missouri/D.

Clarke, St. Mary’s

University, Nova Scotia

Supernovae feedback strong
magnetic fields to the interstellar
medium.

In the same manner, plasma jets
from AGN provide highly magnetised

Origin of galactic magnetic fields .
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Primordial fields .

gas to the
intracluster
medium.

A wide range of primordial fields that could lead
to observed galactic magnetic fields are also
compatible with the observational constraints
for the cosmic magnetic field…

Theoretical models exist for primordial
magnetogenesis leading to 𝐵𝑐𝑜 > 10−14 G.

(e.g. Barrow & Tsagas, 2011; Sharma et al. 2018)

And we will soon have Mag. ICs!
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Magnetic tracers
A new approach to understand 

magnetism in simulations
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Magnetic tracers
How do we separate the effects due to each source of ISM 

magnetic fields?
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Magnetic tracers
A new approach to understand 

magnetism in simulations
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Magnetic tracers
Numerical tests for the code
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Simulations
RAMSES MHD cosmic zoom-in 

simulations

Simulations
RAMSES MHD simulations

(Teyssier 2002, Teyssier et al. 2006, Fromang et al. 2006)
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Simulations
RAMSES MHD cosmic zoom-in 

simulations

(Kimm et al. 2015)

(Kimm et al. 2016; Devriendt et al. in prep)

(Sutherland & Dopita, 1993; Rosen & 
Bregman, 1998)

(Haardt & Madau, 1996)
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Results
Comparing primordial vs stellar

magnetic fields
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Injected by supernova

Interaction energy

Primordial

Injected + primordial

Results
Comparing primordial vs stellar magnetic fields
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Results
Comparing primordial vs stellar

magnetic fields
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Injected by supernova

Primordial

Injected + primordial

Specific magnetic energy in and close to the galaxy
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Results
Comparing primordial vs stellar

magnetic fields
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Injected by supernova

Primordial

Injected + primordial

Specific magnetic energy in and close to the galaxy
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Results
Comparing primordial vs stellar

magnetic fields
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Scaling of 𝑩 = 𝑩 (𝝆)

Injected by supernova

Primordial

Injected + primordial
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z = 4 z = 2.5z = 7
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Conclusions
and important remarksConclusions

and important remarks
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