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Overview:

Pulsars are rapidly-spinning neutron stars that act as extremely stable cosmic clocks. They
can be used for stringent tests of Einstein’s General Relativity, to probe the equation of state
of nuclear matter, to detect the gravitational wave background from merging supermassive
black holes across the Universe, and to investigate how massive stars end their lives. Their
importance to fundamental astrophysics has made the study of pulsars one of the most high-
profile science goals of the upcoming Square Kilometre Array Observatory (SKAO).

Wide-field radio sky surveys with facilities such as the Murchison Widefield Array, MeerKAT
and FAST are uncovering large numbers of new pulsars, to augment the several thousand
currently known. Follow-up astrometric and timing observations are then required to
ascertain their properties, and to determine the stability of the known pulsar clocks over
time. Building from these fundamental science outcomes, the project will investigate how the
known positions and spin rates can be used with time series and/or interferometric radio
data to provide a time standard and assist in localisation, independent of global positioning
system (GPS) data.
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Aims:

The project aims to refine the properties of known and newly-discovered pulsars via
astrometric and timing observations, determining phase-connected timing solutions and
astrometric parameters. The successful candidate will determine the effectiveness of
simultaneously observing multiple pulsars within the field of view, and explore the optimal
array configurations for interferometric observations of selected pulsars. With this
information in hand, the project will explore the potential for deriving independent time and
position measurements in an environment where global positioning system data was
unavailable (for instance, during geomagnetic storms).



Objectives:
Scientifically, the project will improve our understanding of newly-discovered pulsars,
augmenting the known pulsar population, and testing their stability over long periods of time.

In parallel, it will address the problem of how time series and interferometric measurements
could be best used to measure time and position, independent of satellite data.

Significance:

Much effort has been devoted to the discovery of new pulsars, but to derive new
astrophysical insights from them, astronomers must conduct resource-intensive follow up
observations to determine the pulse period and the rate at which this changes, as well as an
accurate measurement of the position and the motion of the pulsar across the sky. The
project will seek to determine how best to follow up the large number of new pulsar
discoveries anticipated with the SKAO.

In parallel, the project will seek to translate these astrophysical advances into more applied
outcomes. Our society is heavily dependent on GPS for accurate timing, positioning, and
navigation, creating significant risks should GPS access become compromised, whether
through severe geomagnetic storms such as the Carrington event, or through more
deliberate jamming, spoofing or hacking. As broadband cosmic sources, pulsars are immune
to such disruptions, and the project will explore how they could be used to provide a fallback
capability. While work has been done in this space, the low technical readiness level (TRL)
and the advent of new technologies open up new avenues for progressing such a system.

Project Feasibility, Resourcing and Significance.

The project will be hosted at CIRA. CIRA hosts the Curtin University node of the
International Centre for Radio Astronomy Research (ICRAR), a Joint Venture with The
University of Western Australia supported by the Western Australian State government. As
such the successful candidate will be in a vibrant research environment with over 200 staff
and students across the two ICRAR nodes working on a wide range of science, engineering
and high-performance computing. Additional research resources may be available through
ICRAR to support the project if required, including a $5,000 top-up scholarship from CIRA’s
Translation and Impact team, in recognition of the more applied aspects of the project.

The supervisory team for this project have decades of experience working across high-
resolution radio imaging and pulsar science, respectively. The high time resolution voltage
capture system on the Murchison Widefield Array (MWA) was designed and implemented by
the CIRA team, which has extensive expertise in low-frequency pulsar studies. CIRA
operates both the Murchison Widefield Array and a low-frequency testbed in South Australia,
providing access to the instruments necessary for this project, which may also make use of
extensive archival data.

The project will draw on expertise from the Engineering team at CIRA, who will be working
on more applied aspects of the overall program. It will be carried out in collaboration with
external experts at partner institutions such as CSIRO.

The key science question being addressed in this PhD is closely linked to the core scientific
activities of CIRA and ICRAR, as well as the SKA key science goals, among which pulsar
science ranks very highly.

Preferred applicant skill set

This is a challenging project, open to high-performing students with a background in
physics/astronomy, mathematics/statistics, or computer science. Strong technical skills
would be an advantage.



