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Magnetic fields are everywhere in space and their presence is believed to play a crucial role

in the formation and evolution of many astrophysical objects. Despite of their importance, our

knowledge about evolution, structure, and origin of magnetic fields is still poor and numerous

questions remain unanswered. The full-Stokes capability of the future high sensitivity and res-

olution spectro-polarimetric surveys promises a transformational advance in our understanding

of cosmic magnetism. These surveys, combined with innovative approaches incorporating ob-

servational, theoretical, and numerical techniques, will permit to improve our knowledge of the

incidence, strength, and morphology of magnetic fields in the interstellar medium, in the intra-

cluster medium, at the boundary of galaxy clusters, and possibly in the bridges which join clusters

in the Cosmic Web. In this review, we will focus on the status of research and future developments

related to magnetic fields in galaxy clusters.
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1. Introduction

The presence of magnetic fields in extra-galactic astronomical objects has been unambiguously

revealed. They have been detected in spiral galaxies (see e.g., G. Heald; these proceedings), in

active galactic nuclei (see e.g., I. Agudo, R. Laing; these proceedings), and in galaxy clusters. In

addition, cosmological magneto-hydrodynamical simulations also suggest the possible presence of

magnetic fields even on larger scales, in bridges which join galaxy clusters in the Cosmic Web (see

e.g., F. Vazza; these proceedings).

In the following, we will show how sensitive radio continuum and polarization observa-

tions can work together to improve our knowledge of the incidence, strength, and morphology

of magnetic fields in galaxy clusters. Much of what is known about cluster magnetic fields (see

e.g., [1, 2, 3] for reviews), comes from observations of extended radio sources diffuse in the intr-
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TIF) are very promising to detect the polarized emission of the most powerful (L1.4GHz ≃ 2.5×1025

W/Hz) radio halos, while halos of intermediate luminosity (L1.4GHz ≃ 2×1024 W/Hz) will be hardly

detectable. In order to detect polarized signal in this kind of radio halos at a resolution of 15′′, future

instruments like SKA1 should reach a polarization sensitivity of about 1 µJy/beam [52].

3.1 Numerical Simulations

In the following we use numerical simulations to investigate how the magnetic field strength

and structure can affect the polarization properties of radio halos. For this purpose, we simulated

total intensity and polarization observations at 1.4 GHz with a resolution of 15′′ of mock galaxy

clusters located at a redshift z=0.08. We modeled the gas density of the cluster with typical β -

model parameters (n0=4× 10−3 cm−3, rc=350 kpc, β=0.7) and, following Murgia et al. (2004),

we simulated 3D magnetic fields with a single power-law power spectrum of the magnetic field

fluctuations |Bk|
2 ∝ k−n and with a radial decrease of the magnetic field strength which follow the

gas density B(r)∝ ne(r)η . This magnetic field model has 5 free parameters: the central magnetic

field strength B0, the minimum and the maximum scale of the magnetic field fluctuations Λmin and

Λmax, the power law index of the power spectrum n, and the radial decrease of the magnetic field

strength η . In the following simulations we fixed the power law index of the power spectrum to a

Kolmogorov index n = 11/3, the minimum fluctuations of the magnetic field to Λmin=8 kpc, and

the radial decrease η = 0.5 and we produced a set of simulations by varying B0 and Λmax to in-

vestigate how these parameters can affect the total intensity and the polarized emission of radio

halos. In particular, we generated synthetic radio halo images by illuminating 3D magnetic field

models with a population of relativistic electrons. At each point, of the computational grid we cal-

culated the total intensity and the intrinsic linear polarization emissivity at 1.4 GHz, by convolving

the emission spectrum of a single relativistic electron with the particle energy distribution of an

isotropic population of relativistic electrons. The polarization images have been obtained by taking

into account that the polarization plane of the radio signal is subject to the Faraday rotation as it

traverses the magnetized intracluster medium.

In Fig. 3 we fixed Λmax=300 kpc and we varied the central magnetic field strength (B0=0.5-

1-5 µG) and the normalization of the population of the relativistic particles to obtain three halos

with the same surface brightness. The images in the top show the total intensity of the radio halo

emission at 1.4 GHz, while the vectors represent the orientation of the projected E-field and are

proportional in length to the fractional polarization. The plot in the bottom shows the total intensity

(black lines) and polarization brightness profiles (B0=0.5µG green; B0=1µG red; B0=5µG blue).

As shown in Fig. 3, given the degeneracy between magnetic fields and relativistic electrons in

the synchrotron emission, it is possible to generate radio halos with identical total intensity by

varying the cluster magnetic field strength. However, the degeneracy between magnetic fields

and relativistic electrons is broken when polarization information are considered. Polarization is

indeed strongly affected by the magnetic field strength and the theoretical fractional polarization

profiles (FPOL) increase by decreasing the cluster magnetic field. This is due to the depolarization

produced by the Faraday rotation effect which is stronger in higher magnetic fields. Therefore, we

can conclude that future deep polarization observations have an higher chance to detect a polarized

signal in clusters with lower magnetic field strength.
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In a similar way, in Fig. 4 we produced a set of simulations in which we fixed the central mag-

netic field B0=1 µG and the population of relativistic electrons, but we varied the maximum scale

of the magnetic field fluctuations (Λmax=30-300-1000 kpc). In this case, although the three clus-

ters have a similar total intensity brightness profile, their total intensity morphology is completely

different, being smooth and regular when the maximum scale of the magnetic field fluctuations is

small (Λmax=30 kpc) and becoming much more irregular and filamentary by increasing Λmax. The

fractional polarization profile (FPOL) increases by increasing Λmax.

To conclude, the total intensity depends on both the magnetic field and the population of rel-

ativistic electrons, while the fractional polarization mostly depends on the cluster magnetic field

correlation-length and strength. Therefore, if future deep surveys will detect polarization in ra-

dio halos, it will be possible to constrain the cluster magnetic field on the basis of the fractional

polarization profile, and then investigate the cluster population of relativistic electrons by fitting

the observed continuum surface brightness profile. Future deep polarization observations have an

higher chance to detect a polarized signal in clusters in which the magnetic field fluctuates on large

scales. Indeed, current cosmological magnetic field simulations by Xu et al. 2012. [58], show

that the cluster magnetic field is expected to fluctuate on large scales. This produce radio halos

showing a filamentary morphology when observed at a sufficient high resolution. The full-Stokes

capability of the future high sensitivity and high resolution spectro-polarimetric surveys, like those

performed with SKA1 and its precursors and pathfinders, will permit to investigate the filamentary

morphology of cluster radio halos and they may give the possibility to detect polarization for a

larger sample of radio halos.

4. Conclusions

To obtain significant progress in the understanding of large-scale magnetic fields in the Uni-

verse, a multi-disciplinary approach is required. In fact we need to combine cutting-edge obser-

vations, data handling, theory, advanced interpretation techniques, and numerical simulations. In

the near future we expect a large influx of data on large-scale magnetic fields from current and

upcoming observational projects that require interpretation and confrontation with models.

Our knowledge on cluster magnetic fields will be greatly enhanced by SKA1, which will per-

mit to study the details of total intensity and polarization of diffuse synchrotron sources and the

rotation measure of radio galaxies in a large number of galaxy clusters. The high-sensitivity, low in-

strumental polarization contribution, and large-bandwidth will allow high-accuracy investigations

of the intracluster magnetic fields in the central regions of galaxy clusters, as well as in the out-

skirts, where the magnetic fields are weaker. In addition, SKA1 will permit to investigate cluster

magnetic fields at high redshift. Studying the cosmological evolution of fields in clusters might

lead to the origin of magnetism and constrain the mechanism of their amplification to the level

currently measured in the nearby Universe.
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projected E-field and are proportional in length to the fractional polarization. Bottom: Total intensity (black
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