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Probing the structure and evolution of magnetic fields in clusters, especially with cosmological
epoch, will be a mgor tool in understanding the role of magnetic fields in structure formation
and also the origin of cosmic magnetism. In this paper we investigate the ability of the SKA
and its pathfinders to probe magnetic fields in clusters out to moderately high redshift via
observations of background polarised synchrotron sources. We develop models for the
distribution of polarised sources and also for the distribution and field structure in clusters.
Various possible experiments are then considered which show that the SKA pathfinder
instruments, Phase | SKA and the full SKA provide an excellent set of tools for probing the
structure and cosmological evolution of magnetic fieldsin clusters.
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1. I ntroduction

Probing the structure and evolution of magnetic fields in clusters, especialy with
cosmological epoch, will be a mgor tool in understanding the role of magnetic fields in
structure formation and aso the origin of cosmic magnetism. One can envisage two extreme
models for the origin of magnetic fields in clusters. The first is that the fields are injected into
the cluster gas, either via galactic winds are AGN gjection. Secondly the fields could be present
in the primordia baryonic gas asit in falsinto the forming cluster. Quite possibly both occur,
but in event fluid dynamical effects within the cluster itself will modify the field, for example
the amplification of field by aturbulent dynamo. A powerful tool to probe these processesisto
observe Faraday rotation (and depolarisation) against either embedded or background polarised
synchrotron sources.

There is a large body of work which has attempted to probe fields in nearby clusters.
Cluster-wide magnetic fields have been established beyond any doubt. The first successful
demongtration of Faraday rotation of background sources seen through a cluster was by Vallee
et al [1] in A2319. More recently, the existence of magnetic fields in the outer parts of clusters
has been demonstrated by stacking Faraday rotation results from 16 Abell clusters[2]. Rotation
measure also shows a strong dependence on cooling flow rate [3]. Studies of rotation against
background sources are limited by the sensitivity to detect a sufficiently large number of
polarised background sources this situation will be greatly improved by the next generation of
radio interferometers especialy the SKA as we discuss below. Observations of rotation against
embedded radio sources have produced very good data, but usualy over only a fraction of a
cluster  the technique is aso clearly biased towards those clusters containing active radio
AGN. The results of for example Murgia et a. [4] show evidence for a turbulent, or at least
random, magnetic field structure. A comprehensive discussion of the literatureisgivenin [5].

In this paper we investigate the likely ability of the SKA and its pathfinders to probe
magnetic fields in clusters out to moderately high redshift via observations of background
polarised synchrotron sources. We develop models for the distribution of polarised sources and
also for the distribution and field structure in clusters. Various possible experiments are then
considered which show that the SKA pathfinder instruments, Phase | SKA and the full SKA
provide an excellent set of tools for probing these problems.

2. Simulating the Faraday Screen and the Rotation Measure Grid

For large sky area simulations we construct a cluster model for the distribution and masses
of clustersincluding their evolution with cosmic epoch based on a Jenkins mass function. Each
cluster is then assigned an electron distribution following a standard B-profile with a mean core
radius of 100 kpc. Rotation Measure (RM) distributions with radius in the cluster are assigned
based on observations of clustersin the local universe. We then construct an RM image of the
sky (see Figure 1).
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The sources which will form the RM grid are determined from the total intensity
luminosity function models developed as part of the European SKA Design Study (SKADS)
consortium. These models include populations of radio loud AGN and star-forming galaxies.
Each source is assigned a fractional polarization as a function of frequency and total intensity.
The procedure is based on the models of [6] and uses a log-normal distribution at al
frequencies. Typicd polarisations are of order 1% and no evolution of the polarisation fraction
is used. Spacing of sources on the RM grid is very similar to other estimates. Importantly
however we are able to determine the occurrence of background sources behind clusters out to
high redshifts

3. Imaging the RM sky with the SKA

We illustrate the ability of the SKA to image the RM sky in Figure 1. Here we show a
mode image of the RM sky including the contribution from all clusters and groups. We also
show images of the line-of-sight RMs recovered against all the sources which could be detected
with atypical SKA sensitivity. When dlightly smoothed we see that we image essentially the
complete RM sky. This simulation does not include any other foregrounds; athough the sky is
well measured using this information to infer the evolution of fields in clusters (and gaaxies)
requires considerable analysis (see Geisbuesch & Alexander this volume). We consider this
briefly in the next section for some experiments which can be performed with pathfinder
telescopes. Further this image is a a rest-frame of 1.4GHz. We aso discuss below (see dso
Krause et a. this volume) how the turbulent structure of magnetic fields in clusters will lead to
depolarisation at lower frequencies and provide an additional probe of field structure on size
scales smaller than a beam.

Figure 1: Simulated Faraday depth image of the sky from clusters and groups. The left panel shows the
sky simulation. The middle panel shows the recovered RM sky against background sources with flux
densities greater than 1 mJy and the right panel shows the same results slightly smoothed.



