Overview of the Research Project

1. Title of the research project:
The gas depletion timescale of star-forming galaxies over cosmic time

2. Research Category: Science

3. Academic level of research project:
Doctoral

4. 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

5. Co-supervisor’s details:
a. Full name of co-supervisor: Dr Rosalind Skelton
b. Institution South African Astronomical Observatory

Please note that both supervisors will be responsible for supervising the student’s research.

6. Abstract of research:

The star formation rate density of the universe has dropped by almost two orders of magnitude
over the past ~10 billion years of cosmic time. An approach to investigating this decrease is to
probe the evolution of the neutral hydrogen gas, HI, content of galaxies over cosmic time since
HI provides the gas reservoir from which stars eventually form in galaxies. Recent results from
HI stacking measurements by Chowdhury et al. (2022) of the HI depletion timescales of
star-forming galaxies at 0.74< z< 1.45, using deep observations on the GMRT, imply that gas
accretion at z~1 is not efficient enough to maintain the HI reservoirs of massive galaxies and is
likely the cause of the drop in star formation rate density.

The goal of this proposed project will be to use data from the LADUMA Large Survey Project on
MeerKAT to measure the gas depletion timescales of star forming galaxies over 9 billion years of
cosmic history (z<1.45) using a combination of L-band and UHF-band data from LADUMA. This
will also enable an independent comparison with the high-redshift results by Chowdhury et
al.(2022).



Details of Research Project

1. Scientific merit and link to SARAO research priority areas:

Over the past ~10 billion years of cosmic time, the star formation rate density of the universe has
dropped by almost two orders of magnitude (Madau & Dickinson, 2014); galaxies today are
forming stars at only a fraction of the rate they were ~10 billion years ago. In order to better
understand why we observe this phenomenon, we need to understand how the hydrogen gas,
the fuel for star formation in galaxies, is evolving over cosmic time. 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.

Recently, Chowdhury et al. (2022) used HI stacking to measure the average Hl masses and the
HI depletion timescales of star-forming galaxies at 0.74 < z < 1.45 using deep observations on
the GMRT. They found that the most massive galaxies (log(M*)~10Msun) which dominate the
star formation rate density at those redshifts have very short HI depletion timescales of less than
1 billion years. This would imply that they would need very high gas accretion rates to enable
them to continue forming stars at their current rate. However Chowdhury et al. (2022) found that
the average HI masses of galaxies with stellar masses of log(M*/Msun)~10, decrease by a factor
of ~3.2 from z~1.3 to z~1 which implies that accretion at that epoch is not efficient enough to
maintain the HI reservoirs of massive galaxies and is likely the cause of the drop in star
formation rate density.

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). Preliminary investigations of the gas depletion timescales
for star forming galaxies in the redshift range 0<z<0.56 are currently in progress using the first
internal release of LADUMA L-band data (Featherstone et al., in prep). Outcomes from this work
have illustrated the dependence of the measured gas depletion timescales on various
systematics including the choice of star-formation rate indicator and the method of estimating the
average depletion timescale over the galaxy sample.

The goal of this new proposed project will be to use the deeper LADUMA data to measure the
gas depletion timescales at z~0.3-1.45 using a combination of L-band and UHF-band data from
LADUMA. This will enable comparison with the results by Chowdhury et al., as well as providing
a high redshift comparison to the intermediate redshift LADUMA results. An advantage here is
that the systematics for the intermediate and high redshift LADUMA analyses will be very similar,
since the radio data are from the same survey on MeerKAT and the same ancillary data
catalogues can be used to determine the star formation rates in the same way. This means that
the higher redshift LADUMA results will be directly comparable, with similar systematics,
methodology, etc., to the lower redshift results, and should enable a more nuanced investigation
of the evolution of the gas depletion in galaxies since z~1.4. It will also be of interest to
investigate the gas depletion time scales of galaxies in different environments within the
LADUMA field given that environment is one of the key drivers of galaxy evolution processes.



The project will use HI stacking techniques, supported by LADUMA's existing large
spectroscopic redshift catalogue and sample selection will be achieved based on the
multi-wavelength photometric catalogues in hand for the LADUMA field.

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:

The project will rely on the HI stacking technique 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. The student will use the Hi
stacking software developed by LADUMA team members (e.g., Healy et al. 2019).

3. Data and equipment

The data required for this project are already in hand: the project will use existing LADUMA data.
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 and determination of
environmental density. In addition, substantial multi-wavelength photometry already exists and is
available for galaxies in the LADUMA field and these data will be used to determine the sample
selection for stacking as well as the star formation rates of the stacked galaxies.

As a 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.

4. High-level breakdown of activities

- In-depth literature review (2026)

- Investigate preferred stacking methods based on latest stacking results from LADUMA
and the literature (2026)

- Test stacking methods on UHF data and L-band data (2026)

- Identify star-forming galaxy samples over the identified redshift ranges to be investigated
using photometric catalogues (2026)

- Perform HI stacking analysis and analyse results as a function of redshift(2026-2027)

- Investigate the effects of environment on gas depletion timescales (2027-2028)

- Write up thesis (2028)



5. Skills/experience useful to the student on this project:
Excellent python programming skills will be needed. High-level understanding of radio
interferometry and experience in analyzing and working with HI data cubes will be an advantage.



The data proposed to be used for this project will come from the data already in hand
from the LADUMA Large Survey Project on MeerKAT.
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Schroeder, S.A.W. Moore, MNRAS, Volume 439, Issue 4, p3666-3682 (2014)

Scalable desktop visualization of very large radio astronomy data cubes, S. Perkins, J. Questiaux, S.
Finniss, R. Tyler, S. Blyth, M.M. Kuttel, New Astronomy, 30, 17 (2014)

Comparison of H1 and optical redshifts of galaxies - the impact of redshift uncertainties on spectral
line stacking, Natasha Maddox, Kelley M. Hess, S.-L. Blyth, M.J. Jarvis, MNRAS, Volume 433, Issue 3,
p.2613-2625 (2013)

Quantified H | morphology - VII. Star formation and tidal influence on local dwarf H | morphology, B. W.
Holwerda, N. Pirzkal, W.J.G. de Blok, S.-L. Blyth, MNRAS, Volume 435, Issue 2, pp 1020-1036 (2013)
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Abelev et al., Physical Review Letters, vol. 101, Issue 22, id. 222001 (2008)
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(STAR Collaboration) B.I. Abelev et al., Physical Review C 76 (2007) 064904

Energy dependence of pi+-, p and anti-p transverse momentum spectra for Au+Au collisions at /SN N
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