Section A: Overview of the Research Project

1. Title of the research project:
Stacking HI emission from high-redshift galaxies

2. Broad area of research:
Science

3. Academic level of research project:
Master’s

4. Abstract of research:

The goal of this project will be to use UHF-band+full L-band HI data from the LADUMA large
survey project to study a population of galaxies selected according to one or more shared
properties including star formation rate, stellar mass, environmental density, etc., with the aim of
investigating galaxy evolution at intermediate to high redshift. Given that HI emission is very
faint, we expect most of the galaxies in the intermediate to high-redshift sample will not be
directly detected in HI and we therefore plan to use the HI stacking method, supported by our
large LADUMA spectroscopic catalogue, to determine average HI properties of the sample in
different redshift intervals, i.e. over cosmic time.

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: Prof. Ros Skelton
e. Email address: re.skelton@saao.nrf.ac.za
f. University: SAAO / University of Cape Town



Section B: Details of Research Project

1. Scientific merit;

How galaxies evolve over cosmic time is a key area of astronomy research and one of the
motivating questions for the establishment of the SKA. Neutral atomic hydrogen, HI, which
provides the reservoir from which molecular hydrogen, and eventually stars, can form,
dominates the mass fraction of the interstellar medium (ISM) of galaxies and is detectable
through its 21cm spin-flip transition by radio telescopes. One open question related to the gas
content of galaxies and how it affects their evolution is: How do the HI masses of galaxies scale
with their stellar masses and other properties in different environments and at different epochs?
Large single-dish surveys such as ALFALFA have studied the gas content of galaxies in the local
universe but it is only with the high-sensitivity SKA-pathfinder facilities, in particular MeerKAT,
that it is now possible to probe HI emission beyond the local Universe out to higher redshifts.

The LADUMA large survey project on MeerKAT is a deep HI survey encompassing the Extended
Chandra Deep Field South. The survey is using a combination of L-band and UHF-band
observations on MeerKAT to probe the HI emission from galaxies over the last ~9 billion years of
cosmic time (0< z< 1.4).

The goal of this project will be to use LADUMA data (UHF-band) to study a population of
galaxies selected according to one or more shared properties including star formation rate,
stellar mass, environmental density, etc. The project will rely on using the HI stacking technique,
supported by LADUMA’s existing large spectroscopic redshift catalogue and sample selection
will be achieved based on the multi-wavelength photometric catalogues already in hand for the
LADUMA field. The UHF-band dataset will enable investigation of the HI properties of galaxies in
these samples to be studied at redshifts previously hardly studied before in HI to investigate their
evolution.

Relevance to SARAO research priority areas for 2027:

This project falls under the highest priority area: MeerKAT for science as listed in the
application guide. The project will utilise L-band and UHF-band radio data which is already in
hand from the LADUMA Large Survey Project on MeerKAT to measure the gas depletion
timescales of a sample of galaxies at intermediate redshift. This project primary supervisor is
one of the co-Pls of the LADUMA survey.

2. Feasibility:

Data availability and analysis techniques:

This project will focus on high-redshift LADUMA data where the galaxies will not be spatially
resolved and are unlikely to be directly detected. The project will therefore rely on the HI stacking
method whereby galaxies are identified in optical catalogues, their spectra are extracted from the
HI data cubes (detections and non-detections) and are stacked based on their redshifts
(measured optically). This is a very useful technique in cases where the signal-to-noise ratio is
too poor to directly detect individual galaxies and the HI properties of galaxy samples can then



be measured on average. Several previous and ongoing LADUMA analyses have relied very
successfully on this technique. The student will use HI stacking software developed by LADUMA
team members (e.g., Healy et al. 2019) and which is currently being used in various LADUMA
analyses and may also investigate the use of 3D stacking methods for comparison.

The data required for this project are already in hand. LADUMA’s large spectroscopic redshift
catalogue consists of thousands of redshifts compiled from both publicly available spectroscopy
as well as proprietary LADUMA redshifts from the team’s own campaigns. These will be used for
the stacking measurements. In addition, substantial multi-wavelength photometry already exists
and is available for galaxies in the LADUMA field as well as the SED-fitting-derived products
such as stellar masses, star formation rates, etc. These data will be used to determine the
sample selection for stacking and analysis.

Skills development:

The student will gain important skills related to HI and multi-wavelength astronomy data analysis
including HI stacking. They will also learn how to interact with and analyse HI datacubes, and
gain practical experience of using statistics in real data analysis. All LADUMA team members
are expected to contribute to elements of service work to the team, ranging from supporting data
processing, helping with source-finding, catalogue production, etc. As a team member, the
student will participate in one of these areas as well.

Resources and equipment:

As a UCT student and LADUMA team member, the student will have access to the IDIA/ilifu
cloud computing facilities where the LADUMA data 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.

High level breakdown of activities:

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

- Use the photometric catalogues to determine the sample selection criteria for the galaxy
sample to be studied (2027)

- Apply the sample selection criteria to the data to extract galaxy samples (2027)

- Perform HI stacking analysis (2027)

- Analyse results including possible systematics from sample selection effects (2027 -
2028)

- Write up thesis (2028)

3. Skills/experience useful to the student on this project:

Good python programming skills will be needed and experience in analyzing and working with HI
data cubes will be an advantage. However, the student will learn these skills on the project if
they have not yet had this experience.
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