Overview of the research proposal
1. Academic level: PhD
2. Broad field of research: Astronomy/astrophysics
3. Title of research project: A MeerKAT measurement of the HI galaxy velocity function out to
z=0.5.
4. Research project abstract:
This project will focus on having a student combine neutral atomic hydrogen (HI) observations
from the LADUMA (Looking At the Distant Universe with the MeerKAT Array) large survey project
with state-of-the-art numerical simulations in order to determine the reliability with which
dynamical measurements of galaxies can be extracted from the LADUMA data. This will be done
by applying and testing source-finding methods to the real and the simulated data imaged with
various smoothing and weighting schemes. Accurate dynamical measurements will be used to
study the distribution of galaxy velocity widths out to z ≈ 0.5. The results will be compared to
theoretical predictions in order to glean important insights into the formation and evolution
histories of galaxies.
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Plus 3 PhD graduates from Wits and 10 from Portsmouth (UK).
Full research project proposal
Scientific merit
Simulations are used to study the formation processes of galaxies. Connecting the results from
simulations directly to observed galaxies is made diﬃcult by the complex astrophysical processes
that determine the observable properties of galaxies. One way to avoid these complications is by
using observational data to generate quantities that may be linked more directly with the
numerical simulations. One such quantity is the galaxy velocity function which describes the
number density of galaxies as a function of galaxy circular (i.e., rotational) velocity. It serves as a
useful tool for probing connections between large scale physics and galaxy formation when
coupled with results from cosmological simulations.
The main aim of this PhD project will be to have a student work with neutral atomic hydrogen (HI)
observations from the LADUMA (Looking At the Distant Universe with the MeerKAT Array) large
survey project in order to measure the galaxy velocity function out to z ≈ 0.5. The velocity
function will be compared to results from state-of-the-art simulations generated and provided by
LADUMA team members. Using HI imaging to directly measure velocity widths of galaxies for
samples beyond the local Universe has never been done.
Feasibility
One of the main aims of this project will be to expose the student to real HI data cubes (from
LADUMA) and to train them in the basic methods of data reduction and analysis. Once they are
familiar with the standard techniques, the student will be tasked with producing various image
sets based on diﬀerent smoothing and weighting schemes in order to test their impact on the use
of source-finding software used to recover dynamical parameters of galaxies. This technical
component of the project is reasonably self-contained (e.g., it does not require re-calibrating the
data), it is not directly on the critical path for producing collaboration-wide data products, and it
has a clear connection to the main science goals of the project. Both Dr Elson and Prof. Baker
are extensively experienced in the methods of handling and analysing HI data.

The project will focus on the redshift range z ≲ 0.5. While still allowing new regions of the
Universe to be probed in HI line emission for the first time, focussing on this redshift range means
that the thesis can be completed on the basis of L-band data only.
The measured galaxy velocity widths will be used to construct velocity functions. Focusing on
dynamical measurements of galaxies leverages Dr Elson’s status as co-lead of the HI dynamics
science working group within LADUMA. All supervisors will be able to guide the student in the
application of standard methods of constructing velocity functions.
A very important component of the project will involve using simulation results to interpret and
conceptualise the results based on the real data. Dr Elson, Prof. Baker, and Prof. Maartens have
focused much of their recent research eﬀorts on finding ways to carry out meaningful
comparisons between simulated and real data products. Together, they will be able to assist the
student in developing, testing, and implementing various simulation-data comparison methods.
Having a strong focus on the use of simulations will mean that the student will always have some
form of data to work with, even if there are delays in the acquisition of L-band data for LADUMA.
All of the required resources will be provided to the student. As an oﬃcial LADUMA team
member, (s)he will have full access to various subsets of the LADUMA data (at the discretion of
the supervisors of this project). At UWC, we have some fairly powerful computers that the
student can use to reduce and analyse the LADUMA data. Alternatively, because UWC is an IDIA
partner institution, we also have access to IDIA computing resources. At UWC, we have many
students working on a variety of SKA-related projects. The student for this project will interact
with research groups at both UWC and Rutgers - thereby participating in regular and meaningful
interactions with staﬀ members, postdocs and other students.
Links of project to SARAO research priority areas
The proposed project is directly linked to the SKA priority area of “science topics that involve the
exploitation of MeerKAT data projected to be available by 2018-2019”. The student will literally
probe new regions of the Universe the have not been studied in HI line emission.
Qualifications, academic abilities, skills/experience required by the student
A student working on this project should have (or be prepared to rapidly achieve) a basic
understanding of the fundamentals of radio astronomy and typical HI data products (spectra,
cubes, velocity fields, total intensity maps). The student should have a good programming skill
set, preferably including a solid background in Python, and ideally including experience in the
handling of FITS files and/or CASA measurement sets. Most importantly, the student should
be self-motivated and prepared to work diligently, thoroughly, and enthusiastically in collaboration
with other members of a large international team.

