The General Assembly of Galaxy Halos: Structure,

Origin and Evolution

Proceedings IAU Symposium No. 317, 2015 © International Astronomical Union 2016
A. Bragaglia, M. Arnaboldi, M. Rejkuba € D. Romano, eds. doi:10.1017/S1743921315008571

Origin of strong magnetic fields in Milky
Way-like galaxies

Alexander M. Beck

University Observatory Munich
Scheinerstr. 1, D-81679 Munich, Germany
email: abeck@usm.1lmu.de

Abstract. Magnetic fields are observed on all scales in the Universe (see e.g. Kronberg 1994),
but little is known about the origin and evolution of those fields with cosmic time. Seed fields of
arbitrary source must be amplified to present-day values and distributed among cosmic struc-
tures. Therefore, the emergence of cosmic magnetic fields and corresponding dynamo processes
(see e.g. Zel’dovich et al. 1983; Kulsrud et al. 1997) can only be jointly understood with the
very basic processes of structure and galaxy formation (see e.g. Mo et al. 2010).
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Models and simulations of the magnetic field growth

The magnetic field is described by the induction equation of magnetohydrodynamics
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where the description of astrophysical processes enters via the velocity field v and the
plasma microphysics via the resistivity 7. Furthermore, a magnetic seed field is required.

The dashed lines in Figure 1 show the analytical model for the primordial field growth

(see Beck et al. 2012, for details) during galaxy formation with a solution of
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where a is the cosmological scale-factor, « the growth rate, By the initial field amplitude
and 1/2pv? , the turbulent pressure as saturation level.

Another possibility is to create magnetic seed fields within the very first star forming
objects by supernovae. This approach proposed by Rees (1987) and simulated by Beck
et al. (2013a) gives very promising results. The dotted line in Figure 1 shows the contri-
bution resulting only from supernovae without subsequent amplification within a Milky
Way-like galactic halo. Given typical properties of the interstellar medium it approxi-

mates to
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The solid line in Figure 1 shows the results of the numerical simulations of Milky
Way-like halo formation including magnetic fields of supernova origin. The simulations
are based on the GADGET-3 code (Springel 2005) and a simple prescription for star
formation (Springel & Hernquist 2003). We conclude that the magnetic fields of galaxies
can be described as a result of the very basic processes of star and galaxy formation.
The seed fields can be supplied by supernovae and the formation of structures yields
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Figure 1. Mean amplitude of the magnetic field versus cosmic time composed from the
analytical models of Beck et al. (2012) and numerical simulations of Beck et al. (2013a).

sufficient dynamo action to explain strong field amplitudes. However, with magnetic
fields only present within collapsing and virialising structures, the question now arises
how these fields can be transported into the large-scale structure and possible voids (Beck
et al. 2013Db).
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