Exploring a new population of gamma-ray and bursty pulsars
Supervisors: A/Prof Natasha Hurley-Walker, Dr Ziteng Wang

Overview: Recent observations of the radio sky through imaging surveys with the MWA and ASKAP
have uncovered a new population of unusual pulsars, consisting of two subclasses:
- Eclipsing binary millisecond pulsars, appearing and disappearing as their radio pulses are
obscured by the ablated material of their companion stars;
- Bursting, bright, “rotating radio transients” (RRATs) that also have a more typical pulsed
component standard for canonical pulsars.
This project uses image-plane variability as a fundamentally new discovery pathway complementary to
Fourier-domain pulsar searches, and follow-up via radio and high-energy observations.

Objectives: Investigate these new populations thoroughly and understand both how they create their
radio and other emission, and how they fit within the previously-known population. This project will build
on the ~10 new discoveries already made, as well as more as they roll in from new MWA and ASKAP
surveys. The student will:

e Undertake radio timing observations of these systems using sensitive radio telescopes (e.g.
MeerKAT, Parkes/Murriyang)

e For the eclipsing MSPs: perform y-ray timing using archival observations from the Fermi Large
Area Telescope, enabling examination of the y-ray properties of these redback systems, including
pulse profiles, spectral characteristics, and orbital variability, helping to constrain the energetics of
pulsar winds and intrabinary shocks.

e For the bursty RRATSs, use the new MWA real-time beamforming capability, as well as highly
sensitive observations from the Five-hundred meter Aperture Spherical Telescope (FAST), to
obtain detailed measurements of the pulse arrival times and burst distributions. Polarisation
attributes will be interrogated to yield information on how and where the radio waves are
generated and propagate through the pulsar magnetospheres.

Project Feasibility and Resourcing: The project will be hosted at CIRA, 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. On top of the standard
University support for computing and travel, additional resources from ICRAR for these activities may be
available if required. Furthermore, extra resources will be available if an industry internship is
undertaken. The supervisors are international experts in detecting new and unusual pulsars from MWA
and ASKAP surveys, as well as the timing and burst measurements required to understand the
populations. The observing time for the initial timing experiments has been secured and the compute
resources are also in place.

Significance: For the eclipsing binary pulsars, such efforts work
towards determining the size of this new population and
whether such sources could be responsible for the puzzling
y-ray excess towards the Galactic Centre. For the RRATSs,
studies of their bright burst distributions and comparisons to
canonical pulsars, young Crab-like pulsars, and magnetars, will
uncover how this new population connects these different
objects, and probe their emission physics. The PhD timeframe
overlaps with early science operations and science
commissioning for the SKA-Low telescope providing a unique
opportunity to directly inform observing strategies, survey
design, transient detection pipelines, and timing methodologies for next-generation pulsar searches.
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