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Abstract: Magnetic fields in galaxies are a key component in the interstellar
medium of galaxies with impacts on gas accretion, outflows, the feeding of AGNs,
and the collapse of molecular clouds leading to star formation. Around galaxies,
magnetic fields are more poorly constrained, but also play important roles in gas
accretion and feedback through the circumgalactic medium (CGM). We are able to
study the magnetic fields within galaxies using radio continuum observations of the
polarized synchrotron emission, while we can study the magnetic fields in the CGM
through the Faraday rotation of background quasars. The MeerKAT Legacy Local
Universe Survey (LLUS) gives us a unique opportunity to study the magnetic fields in
and around all 188 spiral and irregular galaxies with stellar masses above 10° solar
masses within 20 Mpc below a declination of -20°. This project will involve
processing the full polarization radio continuum data from the LLUS and mapping
the polarized emission within the disks of these galaxies as well as conducting
rotation measure synthesis using the background, polarized sources behind the
CGM. The combination of the excellent sensitivity and resolution of MeerKAT with a
complete sample of nearby galaxies spanning a range of properties and
environments will produce unmatched information on the magnetic fields in and
around local galaxies as we enter the era of SKA.




Details of Research Project
1. Scientific Merit

Magnetic fields and cosmic ray electrons are responsible for generating the non-thermal
synchrotron emission that dominates the L-band radio continuum in galaxies (RC; e.g.,
Condon, 1992; Grenier et al., 2015). Observations in our own Galaxy and nhumerical
simulations show that they are both sources of pressure and feedback (e.g,

Murphy, 2022; Ruszkowski & Pfrommer, 2023), with an important dynamical influence on
diverse ISM processes including gas accretion, outflows, AGN-feeding and molecular
cloud collapse. However, a systematic empirical investigation of the magnetic field
strength and structure, the distribution and energy spectrum of cosmic rays, and their
correlation with multi-wavelength tracers of the ISM across the local galaxy population is
still severely lacking. Wideband observations of the intensity, spectral shape, and
polarization of the radio continuum provide the basic quantitative characterization of the
magnetic fields and cosmic ray in galaxies and are key to understanding their origin and
dynamical importance (Beck, 2015). Coupling these data with ancillary multiwavelength
data can allow us to directly infer the magnetic field strength and orientation in the disks of
galaxies at scales <400 pc.

Beyond the disks of galaxies, the measurement of the magnetic field orientation and
strength in the CGM has historically been limited to extended radio halos, such as by
CHANG-ES (e.g. Stein et al. 2025). Magnetic fields can be mapped beyond the emitting
radio halos of galaxies, however, using a grid of rotation measure measurements to infer
the structure of the magneto-ionized plasma in the CGM. This approach has been used to
great success in galaxy clusters (e.g. Anderson et al. 2021) and in a statistical manner for
star-forming galaxies by MIGHTEE (e.g. Boekmann et al. 2023). The POSSUM survey with
ASKAP (Gaensler et al. 2025) will be conducting a large area survey of the southern sky for
these studies, but MeerKAT is able to get better sensitivity for targeted fields yielding a
denser RM grid for these measurements.

The MeerKAT Legacy Local Universe Survey (LLUS) is a 798 hour survey to map the Hl and
full polarization radio continuum emission in and around 128 galaxies in the local universe.
Including an additional 60 galaxies already in the MeerKAT archive, we have a total sample
of 188 galaxies. The sample represents all spiral or irregular galaxies with a stellar mass
greater than 10° solar masses within 20 Mpc and below a declination of -20°. The galaxies
reside in all environments from isolated to group galaxies to those in clusters. The
combined continuum sensitivity (~ 5pJy/bm) and resolution (4.3” or 400 pc at 20 Mpc) will
provide a unique view of the magnetic fields within such a large, complete sample. Atthis
sensitivity, we have hundreds of sources with which to probe the CGM of these galaxies
using RM synthesis.

This project will involve processing the full polarization radio continuum data from MeerKAT
LLUS and mapping the polarized emission within the disks of these galaxies as well as



conducting rotation measure synthesis using the background, polarized sources behind
the CGM. The goalis to get a measure of the structure of the magnetic field in the disks of
the sample galaxies along with estimating the magnetic field strength in the disk. For the
CGM, we are seeking to measure the RM signal from individual galaxies in order to explore
how the magnetic field may vary as a function of galaxy properties. Ifitis not detectable
from individual halos, we can explore stacking the results from many galaxies to get a
statistical detection of the CGM using the RM synthesis technique.

2. Feasibility

MeerKAT LLUS data is being acquired in a single, six-hour observation per galaxy with
regular observations of a polarization calibrator (along with the regular bandpass, flux, and
complex gain calibration). For most targets, we are able to use the IDIA processMeerKAT
data reduction pipeline to get high quality full Stokes radio continuum images with minimal
effort in under a week of runtime on ilifu. These are going to be part of the standard data
products for LLUS and the student will assist with producing these, although at the start of
the project, between a third to half of the sample will have already been processed.

For the rotation measure (RM) synthesis work, the procedure is similar but it requires
running the pipeline on separate frequency chunks before combining the data with the RM
synthesis tools available from CIRADA (cirada.ca). My group has had two students
demonstrate that this approach works to get sensible polarization maps and an RM grid for
individual galaxies as part of their MSc work.

3. Skills development: Describe the skills the student will develop from the research
project

The student will learn how to work with MeerKAT full polarization radio continuum data,
how to process it to make images, and how to extract RM cubes from these data. The
student will further learn how to work with these data in order to infer magnetic field
strengths in and around galaxies.

4. Provide details (and confirmation) on the availability of required data / access to
required equipment / availability of research facilities and other resources required.

All data for this project will come from the MeerKAT XLP Legacy Local Universe Survey
(LLUS). This involves collecting data on 128 galaxies over the next 3 years (subject to
continued approval by SARAQO) plus accessing about 60 galaxies from the SARAO MeerKAT
archive. We will have new data on 50+ galaxies after year 1 when the student will start so
there will be plenty of data for a PhD even after a single year. We will be processing the
data using the processMeerKAT pipeline on ilifu, to which we have access to dedicated
resources both through the XLP and through the advisor’s research group.



5. Include expected milestones and associated time-frames towards attaining the
overall objectives of the project.

The student should expect to complete a thorough literature review on the current state of
the field of study on magnetic fields in and around galaxies as well as familiarize
themselves with the processing of MeerKAT data and RM synthesis work in the first four to
six months. Reducing and processing the RM data from the MeerKAT LLUS galaxy sample
should take place in the next six to 12 months. This should lead to a paper on the broad
band polarized radio continuum properties of the galaxy sample by the end of the second
year. The final year would be spent analyzing and writing up the results from the RM
synthesis measurements of the ionized plasma and magnetic fields of the most promising
sub-set of sample galaxies with the last six months being spent completing the writing of
the PhD.

6. Qualifications, academic abilities, skills and/or experience that a student should
have in order to successfully deliver on the objectives of the research proposed.

The student should have some experience working with radio interferometer data and,
ideally, experience with reducing and analyzing polarized radio continuum data from
MeerKAT. Experience analyzing RM data would be a big help. An eagerness to work hard
and learn new skills is a must.



