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Fig. 1. Logarithm of the column density map of the gas in units of the
mean baryons density (upper panel), and of the mass-averaged mag-
netic �eld amplitude in units ofµG (bottom panel) at z = 0.

H0 = 70 km sŠ1 MpcŠ1, and� 8 = 0.9. A spherical region of ra-
dius 12.5hŠ1 Mpc around our simulated cluster was de�ned as
our high-resolution region, with an e� ective resolution of 5123.
A coarser grid with an e� ective resolution of 2563 was used to
cover the inner 40hŠ1 Mpc, and �nally an even coarser 1283 grid
was used to cover the whole box. The mass of dark matter par-
ticles on each coarse grid are 2.9 × 1010 M� , 3.6 × 109 M� , and
4.5 × 108 M� . Only the �nest grid was allowed to trigger new
re�nements during the course of the simulation, up to 7 addi-
tional levels of AMR cells leading to a maximum resolution
of 1.2hŠ1 kpc. We used a quasi-Lagrangian criterion: each cell
is individually re�ned if the number of dark matter particles
exceeds 8, or if the baryonic mass exceeds 8 times the initial
high-resolution mass resolution. We solved the full set of ideal
MHD equations using a new scheme based on a Godunov im-
plementation of constrained transport and presented inTeyssier
et al.(2006) andFromang et al.(2006) and we used the HLLD
Riemann solver fromMiyoshi & Kusano(2005). Thecomoving
magnetic �eld was set initially to a constant value,Bz � 10Š11 G,
as suggested inDolag et al.(2005), to reproduce theµG �elds in
cluster cores. With these parameters in the course of the simula-
tion, the plasma� = Pgas/ Pmag never decreased below 1000: the
dynamical e� ect of the magnetic �eld can therefore be consid-
ered as negligible, even in the core of our simulated cluster.

3. Results

Figure1 shows the column density distribution of the gas and
the mean magnetic �eld for the cooling run atz = 0. Magnetic
�eld amplitudes are strongly correlated with the density dis-
tribution with mass-averaged values ofB � 10Š1 µG in the

Fig. 2. Histogram of the mass fraction for the cooling run as a function
of the normalised density and the magnetic amplitude atz = 0. The
black solid line is the� 2/ 3 collapse ampli�cation, the averaged magnetic
�eld as a function of the normalised density for the cooling case (dashed
line) and the adiabatic case (dotted line) are also plotted.

cluster core, galaxies withB � 10Š2 µG in satellite clumps,
and B � 10Š3 µG in �laments. We de�ne the virial mass as
M200 = 200×4�/ 3� cR3

200, where� c is the critical density. For the
adiabatic simulation, we found the following properties for our
cluster atz = 0: Rad

200 � 1hŠ1 Mpc, Mad
200 � 2.7 × 1014 hŠ1 M� ,

andTad
X � 3.4 keV. In the radiative case, we obtainedR200 �

1.1hŠ1 Mpc, M200 � 3.5 × 1014 hŠ1 M� , andTX � 5.1 keV. The
magnetic �eld ampli�cation of a collapsing three-dimensional
gas sphere with in�nite conductivity is given byB � � 2/ 3, for
the magnetic �ux to be conserved. Thus a subsequent increase
(or decrease) in the magnetic �eld with respect to this purely
gravitational ampli�cation should reveal other ampli�cation or
dissipation mechanisms. Figure2 shows the mass-weighted his-
togram of the radiative simulation in the� -|B| plane, within 2
virial radii around the cluster. For densities lower than 104�̄ , the
magnetic �eld ampli�cation is one order of magnitude higher
than for pure gravitational compression. As discussed inDolag
et al. (2005), this is likely due to shearing motions in the clus-
ter atmosphere, caused by turbulence and frequent mergers. At
higher densities, the radiative run diverges strongly from the adi-
abatic case. The gravitational compression due to the cooling
�ow provides additional �eld ampli�cation in the high-density
tail. As seen below, cooling also provides a sustained turbulent
regime in the core and the corresponding additional �eld ampli-
�cation. Based on the Zel’dovich approximation of gravitational
dynamics,King & Coles (2006) predict that a cosmological
magnetic �eld should evolve as aB � � 0.87, due to anisotropic
collapse in a Gaussian random �eld. This compares favourably
with the low-density part of our simulation (see Fig.2).

At higher density, the situation is more complex in the core
of our simulated cluster. In the adiabatic case, the magnetic �eld
amplitude decreasesbelowthe expected value for pure compres-
sion. The mean magnetic �eld is of the order of 10Š2 µG, far be-
low the typical values of magnetic �eld amplitude in observed
cluster cores. It is also apparent in the magnetic �eld pro�le
plotted in Fig.3, for which a dip in the �eld strength is visi-
ble in the cluster core. While shear �ows are able to sustain ad-
ditional magnetic ampli�cation in the outer parts of the cluster
r > 150hŠ1 kpc, we �nd the opposite behaviour in the cluster
core where magnetic �eld isdissipated. According toRoettiger
et al. (1999), this e� ect stems from magnetic reconnection oc-
curring during merger events. Since we are not considering any
microscopic process here and since the MHD turbulence scale
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