Interstellar Tomography using Low-frequency Pulsar Observations

Supervisors: Ramesh Bhat (Curtin), Bradley Meyers (AusSRC/Curtin)

Description:

Pulsars are fabulous tools for probing the interstellar medium (ISM) of our Galaxy. Their radiation appears
pulsed, it is spatially coherent and highly polarised — an ideal combination that enables these beamed radio
signals to carry imprints of the ionised, turbulent and magneto-ionic properties of the media through which they
propagate. At the low radio frequencies in which the Murchison Widefield Array (MWA) telescope operates,
these propagation effects are hugely magnified as a result of the strong dependencies with radio frequency. This
makes pulsars unique probes of the ISM structure of at micro- and milli-arcsecond scales that are inaccessible
by any other observational means. ISM effects on pulsar signals result in substantial sources of ‘noise’ in
timing datasets, which must be accurately modelled in high-profile applications such as pulsar timing array
(PTA) experiments.

PTAs are Galactic-scale gravitational-wave detectors comprising a celestial distribution of millisecond-period
pulsars that are timed regularly over many years. It is our primary method for advancing nanohertz-frequency
gravitational-wave astronomy, allowing us to study the supermassive binary black-hole populations and probe
the physics of the early Universe. This is a key science driver for the Square Kilometre Array (SKA) project.
Recent evidence supporting an all-sky gravitational-wave background signature in multiple PTA datasets is one
of the most significant discoveries in modern physics. In order to advance the field further, and increase the
detection sensitivity of current and future PTAs, low-frequency data sets are essential.

This project will take advantage of the upgraded MWA to establish a pulsar monitoring programme, sampling
hundreds of pulsar sight lines at regular cadence. It will develop state-of-the-art processing pipelines, explore
new techniques such as ‘cyclic spectroscopy’ to yield improved interstellar corrections in PTA noise models,

which will lead to new insights into the micro-structure and physics of the ISM.

Gearing up the MWA as a premier pulsar monitoring facility in the southern hemisphere will be a gamechanger
for low-frequency pulsar science in the southern hemisphere. It will facilitate wide-ranging time domain
science that rely on regular monitoring. Datasets from this project will have a great legacy value, and will be a
treasure trove for ISM science at physical scales inaccessible by other types of observations.

Gravitational waves warp spacetime around Earth, which distort the arrival times of pulsar signals (Credit: OzGrav/Knox)

The candidate should have a background in physics and astrophysics, and a strong inclination for developing
and exploring novel signal processing techniques, and implement analysis pipelines on high-performance
supercomputers. A background in radio astronomy with some research experience is an additional advantage.
Familiarity with high performance computing and signal processing in radio astronomy is desirable.



Project Feasibility, Resourcing and Significance

Curtin Institute of Radio Astronomy (CIRA) is part 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. The successful candidate will work in a stimulating and vibrant research environment with over
200 staff and students across the two ICRAR nodes working on a range of astronomical science, engineering
and high-performance computing. Data processing will make use of supercomputing resources at the Pawsey
Supercomputing Centre in Perth and Swinburne University’s Ngarrgu Tindebeek supercomputer.

The supervisory team has extensive experience working on high-time-resolution sub-systems and software for
the MWA, given their close engagement in related development, commissioning and science from early days.
CIRA operates the Murchison Widefield Array on behalf of an international consortium. Pulsar timing arrays
are international collaborations and provide opportunities for scientific and technical exchanges and building
networks with world-leading experts. Pulsar astronomy is headline science for the SKA project and the project
is closely well-aligned with core science planned with the SKA project.



