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Probing the Magnetic Fields of Distant Galaxies to Unravel

the Evolution of Galactic Magnetic Fields
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7w C#E H : Probing the Magnetic Fields of Distant Galaxies to Unravel the Evolution of
Galactic Magnetic Fields

Galactic Magnetic fields play important roles in various astrophysical processes.
There are unresolved problems about Galactic magnetic fields. One of the problems is
that the cosmological evolution of galactic magnetic field is largely unknown. To solve
this problem, we need to observe magnetic fields of distant galaxies.

First, Observation of the magnetic fields of distant galaxies can be achieved by
observing intervening galaxies. External galaxies often intervene in front of
background radio sources such as quasars and radio galaxies. Linear polarization of
the background emission is depolarized by Faraday rotation of inhomogeneous
magnetized plasma of the intervening galaxies. Exploring the depolarizing intervening
galaxies (DINGs) can be a powerful tool to investigate the cosmological evolution of the
galactic magnetic field. In this theisis, we focus on the global disk magnetic field, a
primary component of galactic magnetic fields, and investigate the effects of DINGs on
background radio emission using a simple model. We find that the degree of
depolarization significantly depends on the inclination angle and the impact parameter
of the DING. We found that the larger the standard deviation, the more likely it is that
depolarization will occur. When the DING is close to an edge-on view, depending on the
angular size of the background source relative to the DING, the polarization fraction
converges, behaving like oscillations at low frequencies. The Faraday dispersion
function (FDF) represents the RM structure within the beam. The FDF exhibits multi
components due mainly to the RM structure within the beam and the fraction of the
DING that covers the background emission (the filling factor). The peak Faraday depth
of the FDF is different from the beam-averaged RM of the DING. The Monte-Carlo
simulations indicate that DING's contribution to the standard deviation of observed
RMs follows $¥sigma_{¥rm RM} ¥propto 1/{(1+2z)*k}$ with $k ¥sim 2.7$ and exhibits
a steeper redshift dependence than the wavelength squared. DINGs will have a
significant impact on RM catalogs created by future survey projects such as the SKA
and SKA Precursor/Pathfinder.

Next, the applying the gravitational lensing effect has been considered as an
observation of the magnetic field of distant galaxies. Mao et al. (2017) used Faraday
tomography to determine the magnetic field from the difference in Faraday depths at
which the emission of the background source passes through different positions of the

intervening galaxy due to the gravitational lensing effect. In the future, it is expected



to find many polarization sources affected by gravitational lensing effects. All-sky
polarization surveys using the SKA predecessor have now begun. We focus on the
"Polarisation Sky Survey of the Universe's Magnetism" (POSSUM) with the Australian
SKA Pathfinder (ASKAP). However, POSSUM may not be able to spatially resolve
gravitational lensing sources. Previously, we have shown that Faraday spectrum
represents the RM structure within the beam, even when they are unresolved.

We investigate whether the RM structure of lensing galaxies can be extracted from the
spectra. We used a model fitting method that fits stokes Q and U spectra to extract the
RM structure of lensing galaxies. At first, we consider the simple case that the RM
structure is uniform on each path. In this case, using the model which has 2 components
of RM, we can get the mean and variance of the RMs experienced by each path and
these values are the same as given RM structures, even if they were not spatially
resolved. Next, we consider the case of the existence of RM structure within the beam
(complex case). In this case, using the model which has multi components of RM,
comparing the observed spectrum with the model spectrum, we found a good match.
However, we found physically strange values in the parameters. In particular, the
polarization angle of the background polarization source is different from given angle.
To solve this problem, we propose reducing the polarization angle of the background
polarization source as the parameter. In the case of gravitational lensing objects, we
can impose the requirement that the polarization angle of the background polarization
source is the same. We can reduce one parameter. In the case of imposing this
requirement, we found the model which has multi components of RM is the best fitting
model. The polarization angle of the background polarization source is the same as
given angle and we resolve uncertainty about the polarization angle. We could separate
complex RM structure of unsolved source. It does not matter whether the radio image

is spatially resolved or not and we will attempt to resolve the lensed components.
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