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Magnetic fields in galaxies
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Magnetic field theory

Plasma motions are the only 
source of magnetic field 
amplification!

Magnetic diffusion:
Topological changes

This equation has to be solved in the context of a galaxy.
Magnetic seeding term
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Magnetic field theory

Plasma motions are the only 
source of magnetic field 
amplification!

Magnetic diffusion:
Topological changes

This equation has to be solved in the context of a galaxy.
Magnetic seeding term

Do the first structures form within (un)magnetized gas ?
(Primordial seed fields, Supernova / AGN seed fields, ...)

Can a high-redshift generation of protogalaxies magnetized the IGM?

Galaxy formation Magnetic fields?
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Protogalactic magnetic fields

Galactic magnetic fields are a result of the galaxy formation process

(Arshakian et al., 2009; Beck A. et al., 2012; Pakmor & Springel 2014, etc …)
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Magnetic fields of stellar origin
Extend induction equation

Seeding term

Supernova mass

Supernova events
α,β from IMF (Salpeter 1955)

Beck et al. 2013
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MW halo gas density

Cosmological simulation with GADGET: gas density

Beck et al. 2013
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MW halo magnetic field

Cosmological simulation with GADGET: magnetic field

Beck et al. 2013
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MW halo rotation measure

(Faraday) Rotation Measure:

Beck et al. 2013

Patchy at high redshift
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Comparison with observations

• Can we compare the simulations to observed high –z RM’s ?
à both at low and at high redshifts

• What causes the observed RM’s ?
• What causes the simulated RM’s ?

Rotation measure time evolution

Rotation measure distribution

Beck et al. 2013
Beck & Dolag 2016
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Energy densities (primordial run)

Dip

Amplification

Decay

Equipartition

Beck et al. 2012
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Analytical toy model
Ansatz

Evolution equation

Truncation

Growth rate

Kulsrud & Anderson, 1992
Malyshkin & Kulsrud, 2002
Beck et al. 2012

Belyanin, Sokoloff & Shukurov, 1993

Kulsrud et al., 1997 (Kolmogorov turbulence)

Beck et al. 2012
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Agreement with analytical model

Excellent agreement !!!Length scale: 25 kpc
Turbulent  velocity: 75 km/s

Beck et al. 2012
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Later results with RAMSES
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Summary & Conclusions

• Galactic magnetic fields can origin from the galaxy 
formation process (with stellar seed fields)

• The origin/transport of IGM magnetic fields needs 
much more investigations

• We need to bring together the communities of 
galaxies and of radioastronomers

• Working on magnetic fields allows you to go to more 
conferences with top science and nice beaches

• We do not know the impact of the fields or related 
CR/non-thermal processes on galaxies well



How do galaxies get their magnetic fields?                                                                                        Cozumel / April 2016                                Alexander Beck

Field growth in minor mergers

Magnetic growth and saturation in galaxy minor mergers
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Geng, Beck et al. 2012


