Section A: Overview of the Research Project

1. Title of the research project:
A deep investigation of HI and galaxy evolution in and around the galaxy cluster A2626

2. Broad area of research:
Science (gas and galaxy evolution across cosmic environments)

3. Academic level of research project:
Doctoral

4. Abstract of research:

The aim of this research will be to investigate the effects of different cosmic environments on the
evolution of galaxies in and around the galaxy cluster Abell 2626 (z=0.055) using existing,
science-ready HI data from MeerKAT. This project will build on initial investigations of the central
region of the cluster by Healy et al.,(2021) and Deb et al., (2023) using more recent follow-up
MeerKAT observations at higher spectral resolution of a much wider area, going out to ~3 times
the virial radius of the cluster. This will enable detailed studies of the processes influencing
galaxy evolution from infall to cluster membership. HI data, optical imaging and optical
spectroscopy is already in hand and further spectroscopic measurements are currently in
progress to map the cluster region out to larger radii. The study will focus on how the HI and
other properties of galaxies change as a function of their smaller-scale vs. larger scale
environments as a means to probe the various physical processes taking place to drive galaxy
evolution in the cluster.

5. Primary supervisor’s details:
a. Full name of primary supervisor: Assoc. Prof. Sarah Blyth
b. Email address: sarah.blyth@uct.ac.za
c. University: University of Cape Town

First Co-supervisor’s details:

d. Full name of co-supervisor: Dr Julia Healy
e. Email address: julia.healy@manchester.ac.uk
f. University: University of Manchester/University of Cape Town

Second Co-supervisor’s details:
g. Full name of co-supervisor: Prof. Marc A.W. Verheijen
h. Email address: verheyen@astro.rug.nl
i. University: University of Groningen



Section B: Details of Research Project

1. Scientific merit;

Galaxy evolution is a key research area in extragalactic astrophysics. A key driver of galaxy
evolution is the environment in which a galaxy is located. Dense environments like galaxy
groups or galaxy clusters have been found to influence galaxy properties (e.g. Dressler, 1980)
due to the various physical interactions and processes that can take place between galaxies due
to their gravitational influences on each other, as well as interactions between galaxies and the
intra-group or intra-cluster medium. These various different processes can impact a galaxy’s
morphology, star formation properties, gas content, etc. Since the neutral hydrogen gas content
of galaxies typically makes up a significant fraction of the overall baryonic mass of galaxies, as
well as the fact that it usually extends further out spatially than the stellar component, it is a very
useful tracer of different types of interaction. Therefore studying the HI content, spatial, and
kinematic distributions of galaxies in galaxy clusters can provide important insights on
environmentally-driven galaxy evolution processes.

Abell 2626 (A2626) is a relatively nearby (z=0.055), moderately massive (My,, ~ 5x10™ M)
galaxy cluster embedded in a large scale structure wall with a cosmic web filament behind the
wall. A study by Healy et al. (2021) using optical spectroscopy of the cluster has also revealed
several sub-structures within the larger cluster environment. Together its large scale structure
location and sub-structure make it an ideal target for studying galaxy evolution processes.
Furthermore, pilot 4k HI observations of the cluster with MeerKAT (Healy et al., 2021) indicated
high numbers of HI detections in the cluster and initial HI stacking results indicated a radial
dependence of HI deficiency, i.e. galaxies closer to the centre of the cluster are more
gas-deficient than galaxies closer to the outskirts. More recently, further MeerKAT HI data have
been gathered which cover the cluster area out to ~3 times the virial radius. This complements
other cluster studies, which are usually limited to the core of the cluster or are biased toward
particular selected regions in the outskirts.

The aims of this project will be to investigate environmentally-driven galaxy evolution processes
in A2626 using the in-hand wider area MeerKAT data combined with other existing ancillary data
including optical imaging and optical spectroscopy. The extensive spatial coverage of the cluster
out to ~3 times the virial radius will enable detailed studies of galaxies in the different regions of
the cluster from the outskirts/infall regions right to the centre, providing insight into the different
processes and the timescales that influence galaxy evolution. The large number of spatially
resolved HI detections will also enable a study of kinematic asymmetries compared to
morphological asymmetries as well as enabling a study of the resolved kinematics of galaxies in
different regions of the cluster and larger scale environment. Comparisons of HI content and
radio continuum properties will allow the investigation of gas content compared to star formation
properties of the cluster galaxies.



Relevance to SARAO research priority areas for 2027:

This project falls under the highest priority area: existing data from MeerKAT for science as
listed in the application guide. The project will utilise science-ready data which is already in hand
from the observed MeerKAT Open Time projects SCI-20210212-TD-01 and SCI-20230907-TD.

2. Feasibility:

Data availability and analysis techniques:

The project will use our in-hand MeerKAT HI observations of A2626. The HI data have already
been processed by co-supervisor J. Healy into a mosaic which covers the cluster out to more
than 3 times its virial radius, enabling the study of galaxies which are still falling into the cluster,
galaxies which have already passed through the cluster environment (so-called back-splash
galaxies), as well as cluster members. Publicly available optical imaging and photometry of the
cluster galaxies also exists as well as a very complete optical spectroscopic catalog of the
central cluster region. A2626 is a pilot target for the WEAVE Wide-field Cluster Survey, a
spectroscopic survey with the William Herschel Telescope, and observations of the cluster’s
outer regions are 100% complete, to match the radio data coverage, and will be available to be
used for the project.

Various data analysis techniques will be required, from cross-matching multi-wavelength
catalogues, to detailed analysis of HI galaxy data and measurement of galaxy properties
including both radio continuum and HI. Depending on achieved progress, kinematic modelling of
extended sources may also be performed.

Skills development:

During the project, the student will learn various detailed aspects of HI and multi-wavelength
data analysis. The student will be involved in direct data handling and will also learn about radio
continuum data analysis. The student is expected to follow courses and workshops on career
advancement, professional development, scientific integrity and project management.

Resources and equipment:

As a UCT student, the student will have access to the IDIA/ilifu cloud computing facilities where
the A2626 HI data are stored and will be processed and analysed. Being at UCT will enable the
student to interact with IDIA researchers and technical experts who will be able to help support
the computing aspects. As a student in the Department of Astronomy, the student will also have
access to the usual desk and office space, internet access and library access afforded to all
postgraduate students. The collaborating co-supervisors will also play important roles in
co-supervision and training and it would be expected that the student spend some time in
Europe to work directly with the co-supervisors as well.

High level breakdown of activities:

- Perform literature review on related HI studies and methods (2027)

- Characterize the HI properties of all HI detected galaxies out to 3Rvir such as atomic gas
masses, HI morphologies, HI deficiencies, asymmetries and kinematics. This will involve
refining existing methodologies and calibrations of scaling relations. (2027)



3.

Analyse the HI properties as a function of location within the smaller scale and larger
scale environments of A2626 to investigate the importance of pre-processing in cosmic
filaments and galaxy groups prior to cluster infall. This will take advantage of the
environmental analysis provided by the WEAVE team in which the supervisors are
participating as external collaborators.(2027-2028)

The student will use the radio continuum map to estimate star formation rates and AGN
activities to investigate the efficiency of star formation quenching in different cosmic
environments. This will be compared to other tracers of star formation activity inferred
from spectroscopy and H-alpha imaging. (2028-2029)

These analyses are expected to form the basis of 3 publications. (late 2027- early 2029)
Write up thesis (2029)

Skills/experience useful to the student on this project:

Good python programming skills will be needed and experience in analyzing and working with Hl
data cubes will be an advantage. Excellent writing skills, project management, communication
skills and time management are essential. However, the student will learn these skills on the
project if they have not yet had this experience.
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