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Depolarisation and the study of galaxy cluster
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Future radio surveys, most notably with the SKA aim at determining the comological evolution
of magnetic �elds using Faraday rotation of a huge number of cosmological radio sources. In
contrast to currently used techniques, these surveys are planned for sub-GHz radio frequencies.
However, radio emission is typically depolarised at low frequencies due to differential Faraday
rotation along different lines of sight within the telescope beam. Therefore, it is vital for the
experiment to predict the exact frequency below which we expect depolarisation to occur.

We compare a new turbulent depolarisation model to the classical two-�eld case, �nding many

interesting similarities. We calculate the depolarisation frequency, below which magnetic �eld

measurements become much more dif�cult for the new model. Extrapolating from recent data,

we �nd a median depolarisation frequency of 300 MHz for typical SKA sources, hence enabling

the determination of magnetic �elds via the SKA mid frequency band.
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Faraday rotation studies of cluster magnetic �elds with the SKA: an analysis depolarisation effects
Martin Krause

1. Introduction

Magnetised media rotate the polarisation angle of light passing though them differently at
different wavelengths; observations across a frequency band therefore allow determination of the
Rotation Measure through the medium, which depends upon the magnetic �eld, the electron num-
ber density and the path length through the medium. Thus polarised sources behind galaxy clusters
can be used to probe the Intra-cluster magnetic �elds.

Recent Faraday studies of extragalactic radio sources have exploited mainly the high frequency
capabilities of the present generation of radio telescopes [1, 2, 3, also: Bryan Gaensler and Gabriele
Giovannini, this proceedings], where the fractional polarisation is independent of frequency. Even
at frequencies down to 1.4 GHz, depolarisation is usually not encountered [4]. The measurement
of magnetic �elds in clusters of galaxies is one of the key projects envisaged for the SKA [5, also:
Paul Alexander, this proceedings]. The goal is to carry out the new surveys, with the SKA as well
as precursor instruments at low frequencies (0.3 - 1 GHz is envisaged for the SKA), in order to do
this simultaneously with high redshift HI surveys. Depolarisation could in principle be an issue
here, but also has the potential to reveal information about unresolved scales. We have therefore
updated the theory on depolarisation.

2. Depolarisation: two-scale �eld

A simple two-scale theory for magnetic �elds has been established in the classical treatment
by Burn [6]: Faraday depolarisation occurs, whenever the radio emission passes through a medium
with non-uniform Faraday depth, which is not resolved by the telescope beam. In this situation, the
differently rotated polarisation vectors add up incoherently, and the resulting polarisation oscillates
around a few percent of the high frequency value. Burn has investigated the situation where the
magnetic �eld along the line of sight can be split into a constant part on a scale L, and a random
component, with Gaussian variance 2H2

r /3 on a smaller scale d. For his representative slab case, the
transition region of the fractional polarisation P(ν) can be characterised by the following equation:

P(ν) = P(∞)
1− e−S

S
, (2.1)

where P(∞) denotes the high frequency value, and S is given by 1:

S = �σ2
RM(c/ν)4, �σRM = KnHr

√
Ld. (2.2)

Finally, n is the density of free electrons and K the usual Faraday rotation constant. From this we
calculate ν1/2, the frequency where the fractional polarisation drops to 50% of its high frequency
value:

ν1/2 =

√

�σRM

23
GHz, (2.3)

when �σRM is measured in rad/m2.

1In the approximation needed here, we neglect the oscillatory part.
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Figure1: Left: Fractionalpolarisationoverobservingfrequency for theturbulent�eld model.Thedifferent
curvesrepresentdifferentaperturesizes.Thecurvesarevery similar to the two-scalecase.Both show the
steepdrop-off at the depolarisationfrequency and the oscillatorybehaviour at lower frequencies.Right:
Distributionof n1=2 andsRM for many aperturesizesin asimulationcube.Thedifferentcolourscorrespond
to simulationcubeswith differentpowerspectrafor themagnetic�eld.

3. Depolarisation: turb ulent �eld

Turbulent �elds have �uctuationson many scales;ananalyticgeneralisationof thetwo-scale
theory is thereforenot straightforward. We have addressedthis issuenumerically, settingup a
turbulent magnetic�eld in a computationalbox of up to 7683 cells, following the procedurede-
scribedby [7]. Themagnetic�eld is setup divergencefreeandwith a Gaussianprobabilitydis-
tribution function. The structureis characterisedby the power spectrum,which is a power law:
k2jBkj2 µ k� n. We usevaluesfor n betweenzero(�at) andtwo, wheren = 5=3 correspondsto
Kolmogorov turbulence.First, we investigatethe behaviour of the fractionalpolarisationagainst
frequency (Fig. 1). We �nd that the behaviour is practicallyidenticalto the two-scalecase.The
functional form at the transitionregion is very similar, so is the oscillatory behaviour and the
amountof residualpolarisationat low frequency. Therefore,it is still usefulto to de�ne a depo-
larisationfrequency n1=2, asabove. This depolarisationfrequency dependson the aperturesize,
contraryto the two-scalecase. This is dueto the increasein the standarddeviation of the rota-
tion measurewithin theapertureastheaperturesizeis increased,becauseturbulencetypically has
morepower on largerscales.On thesmallestscalesthis is accompaniedby numericalresolution
problemsin ourmodel,which is probablydominantfor thesmallestaperturecurve in Fig. 1 (left).

For a simulationcubewith a given power spectrum,we have measuredn1=2 andsRM for a
largenumberof aperturesat randompositions.Theresultingprobabilitydistribution functionsare
distributedasa lognormalfunctionwhosemeanriseswith aperture.This is differentfrom Burn's
two-scalemodel,wherethestatisticsareGaussian.We plot n1=2 againstsRM in Fig. 1 (right): the

pointsclusterarounda line n1=2 =
q

sRM
13 GHz, for all thepower spectrainvestigated,with a very

smallspread.ThoughsRM cannotsimplybeidenti�ed with ŝRM, theresultis clearlysimilar to the
two-�eld case.

Thedifferencebetweenthepower spectraconsistsin thedifferentscalingbehaviour of s RM

with aperturesize.Theoretically, onewouldexpectascale-freebehaviour for scale-freeturbulence.
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