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Abstract. Despite the importance of dynamic magnetic fields on the large scales of the universe and for particle and radiation
propagation, its origin and maintenance are not well understood yet, particularly in the most rarefied regions of the intergalactic
medium (IGM), Intracluster Medium (ICM) and the so called voids. How they are produced? How seed fields can be amplified and
continuously regenerated? These are major questions in the Magnetogenesis of the universe that we want to answer in this work.
As the amplification of cosmic magnetic fields depends on the material properties of the host plasma, knowing the characteristics of
these environments is essential. Astrophysical plasma is commonly described by standard collisional MHD theory, assuming that
the gas is in local thermodynamic equilibrium, but in diffuse plasma environments, e.g. ICM and IGM, the rarity of particle-particle
collisions allows deviations from equilibrium, generating pressure anisotropies and anisotropic viscous stresses in plasma movements
that inhibit its ability to stretch magnetic field lines. On the other hand, weakly collisional plasma with high β are susceptible to the
appearance of various kinetic instabilities, e.g. Firehose and Mirror, which will regulate the anisotropy and allow the amplification
process which is attributed to dynamo turbulent action. Thus, we aim to study the effects of kinetic instabilities in these environments
and their impact on the weakly collisional plasma fluctuation dynamo by comparing different models for the instabilities. This is
done through numerical MHD 3D simulations of a turbulent domain that emulates the IGM and ICM endowed with a viscosity. In
this work, we will present preliminary results of magnetic field amplification for forced turbulence with ion-ion collisional viscosity
model. We will test the model for various values of magnetic field seeds, as well as different levels of plasma compression. The study
will provide valuable information about the amplification of primordial seed magnetic fields and their maintenance, which can be
later employed in cosmological MHD simulations.

Resumo. Apesar da importância dos campos magnéticos dinâmicos nas grandes escalas do universo e para a propagação de
partículas e radiação, sua origem e manutenção ainda não são bem compreendidas, principalmente nas regiões mais rarefeitas do
meio intergaláctico (IGM), Intracluster Medium (ICM) e os chamados vazios. Como eles são produzidos? Como os campos de
sementes podem ser amplificados e regenerados continuamente? Essas são as principais questões da magnetogênese do universo que
queremos responder neste trabalho. Como a amplificação dos campos magnéticos cósmicos depende das propriedades materiais do
plasma hospedeiro, conhecer as características desses ambientes é essencial. O plasma astrofísico é comumente descrito pela teoria
de MHD colisional padrão, assumindo que o gás está em equilíbrio termodinâmico local, mas em ambientes de plasma difuso, por
exemplo, ICM e IGM, a raridade das colisões partícula-partícula, permite desvios do equilíbrio, gerando anisotropias de pressão e
tensões viscosas anisotrópicas nos movimentos do plasma que inibem sua capacidade de esticar as linhas do campo magnético. Por
outro lado, o plasma fracamente colisional com β elevado é suscetível ao aparecimento de várias instabilidades cinéticas, por ex.
Firehose e Mirror, que irão regular a anisotropia e permitir o processo de amplificação que é atribuído à ação turbulenta do dínamo.
Assim, pretendemos estudar os efeitos das instabilidades cinéticas nestes ambientes e seu impacto no dínamo turbulento de plasma
fracamente colisional, comparando diferentes modelos para as instabilidades. Isso é feito através de simulações numéricas MHD
3D de um domínio turbulento que emula o IGM e o ICM dotado de uma viscosidade. Neste trabalho, apresentaremos resultados
preliminares da amplificação do campo magnético para turbulência forçada com o modelo de viscosidade colisional ion-ion.
Testaremos o modelo para vários valores de sementes de campo magnético, bem como diferentes níveis de compressão de plasma. O
estudo fornecerá informações valiosas sobre a amplificação de campos magnéticos de sementes primordiais e sua manutenção, que
podem ser posteriormente empregadas em simulações cosmológicas de MHD.
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1. Introduction

The Universe is magnetized, as known through observations
of Faraday’s rotation, Zeeman effect, synchrotron radiation and
dust polarization. Growing evidence suggests that magnetic
fields already filled space in early cosmic times and had strengths
comparable to those observed in our cosmic epoch. However, the
first seeds of fields, which may be a relic of the early universe or
alternatively generated by astrophysical mechanisms, are many
orders of magnitude lower than the current field strength.

Some way of amplifying the field is required. This is accom-
plished by the conversion of mechanical energy into magnetic
energy, a process generally referred to as a dynamo. Dynamo
theory describes the process through which a moving and elec-
trically conducting fluids acts to maintain a magnetic field. These
theories are used to explain the presence of anomalously long-

lived magnetic fields in astrophysical bodies, such as, stars, ac-
cretion disks, galaxies, and galaxy clusters, which despite having
different intensities, all carry dynamically important magnetic
fields.

Despite the importance of dynamic magnetic fields on the
large scales of the universe, maintenance is still not well un-
derstood, especially in the rarefied regions of the intergalactic
medium (IGM), Intracluster Medium (ICM) and the voids. As
the amplification of cosmic magnetic fields depends on the ma-
terial properties of the host plasma, knowing the characteristics
of these environments is essential.

The problem is that astrophysical plasma are commonly de-
scribed by standard MHD theory, assuming that the gas is in
local thermodynamic equilibrium. However, the low frequency
of collisions of the plasma particles with respect to the dy-
namic frequencies of the system (eg turbulence frequencies at



S. Adduci Faria et al.: Evolution and amplification of magnetic fields in the large scale universe

large scales) implies that the thermal pressure is not isotropic
in relation to orientation of the magnetic field on the dynamic
space/time scales of interest, generating pressure anisotropies
and anisotropic viscous stresses in plasma movements that in-
hibit its ability to stretch magnetic field lines.

Weakly collisional plasma, where thermal energy dominates
magnetic energy, as in the case of clusters, are susceptible to
the appearance of several kinetic instabilities, e.g. Firehose and
Mirror, which will regulate the anisotropy and allow the ampli-
fication process which is attributed to dynamo turbulent action.

We aim to study the effects of kinetic instabilities in these
environments and their impact on the weakly collisional plasma
fluctuation dynamo by comparing different models for the insta-
bilities.

2. Numerical Method

We performed with PLUTO code (Mignone et al. 2007) nu-
merical 3D MHD simulations endowed with an ion-ion colli-
sional viscosity, where we model the ICM with forced turbu-
lence with periodic boundary conditions, of box size (1Mpc)3.
The initial conditions: density n = 10−3 particles/cm−3, tem-
perature T = 104 eV, injection scales of the turbulence τturb =
lturb/vturb ∼ 4 Gyr (lturb = 500 kpc and vturb ∼ 108 m/s), sound
velocity vs = 108 cm/s, Alfvén velocity vA = 689.68 cm/s, pres-
sure to magnetic pressure ratio β = 4.2 × 107, Mach number
M = 6 × 10−6, and Alfvén Mach number MA = 1.45 × 105.

PLUTO solves the following system of conservation equa-
tions:
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where Π represents the viscous stress tensor, whose components
are given by
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where coefficients ν1 and ν2 are the shear and bulk parameter of
viscosity, respectively.

3. Results and Discussions

The preliminary results, presented in the graphs of Fig. 1 and
2, show the magnetic field amplification for isotropic viscosity,
with a magnetic seed B = 10−10 G.

One can see the initial exponential growth of the seed mag-
netic as due to the turbulent stretching of the lines. The kinetic
energy of the turbulence is transformed into magnetic energy.
However, the comparison with previous work by Santos-Lima
et al. (2014) indicates a less efficient dynamo amplification. It
is not yet possible to perform an effective comparison of our
results, which have a resolution of 1283, with the final result ob-
tained by Santos-Lima et al. (2014), with resolution 2563. But, it
is already possible to see that our viscous MHD model produces

Figure 1. 2D slice of the cubic domain showing the density (top
row) and the magnetic intensity (bottom row) distributions, for
resolution 1283, where each map represents the cut in an x, y,
and z direction, respectively.

Figure 2. Left panel: Time evolution of the magnetic field for
the model starting with a weak (seed) magnetic field, and com-
parison with models C1 and Cmhd from Santos-Lima et al.
(2014). Right panel: Power spectra of the velocity Pu(k) (blue)
and magnetic field PB(k) (pink), and in the small graphic there
is the PB(k) multiplied by k5/3 and comparison with models
C1 (collisionless-MHD in which effective collisionality is in-
duced by the growth of kinetic instabilities instantaneously, with
anisotropy relaxation rate up to the value that corresponds to
the instabilities threshold) and Cmhd (ideal MHD) from Santos-
Lima et al. (2014).

results very distinct both from the C1 model (νs = ∞), and the
Cmhd.

In fact, our collisional viscous model does not allow for effi-
cient amplification during the simulated time , contrary to what
we see in models of Santos-Lima et al. (2014). This indicates
that the real viscosity must be much smaller than that employed
here. Next step: we will analyze the anisotropic viscosity (St-
Onge et al. 2020) and test the model for several values of mag-
netic field seeds, as well as different levels of plasma compres-
sion.
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