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Description: Fast radio bursts (FRBs) are millisecond-duration extragalactic transient 
events, so powerful that they can be detected after travelling more than half the age of 
the Universe to reach Earth. Currently, the origin of FRBs is unknown, although lead 
theories include young, rapidly rotating, and highly magnetised neutron stars; and the 
merger of compact objects such as a neutron star and a white dwarf. Critically, the 
frequency dependent time-delay induced as an FRB passes through ionised gas 
measures the total column density of that gas. Known as the ‘dispersion measure’ (DM), 
this delay allows FRBs to be used as probes of the structure of matter in the Universe. 

The aim of this project is to use cosmological simulations to simulate the dispersion 
measures expected from FRBs emitted across cosmic time. Existing simulation suites – 
such as IllustrisTNG and SIMBA – will be used to predict how observed FRB DMs 
correlate to cosmic structures. Coupled with both real and simulated FRB observations, 
and upcoming data from optical surveys such as the Dark Energy Survey, and the 
Legacy Survey of Space and Time, this will answer questions such as: how much matter 
exists in the circum-galactic medium vs the intergalactic medium? What is the 
evolution of ionised gas around FRB host galaxies? At which mass scales do feedback 
processes expel gas from Galactic halos? How does turbulence in Galactic halos bias 
our FRB observations? The project will be conducted in concert with the CRAFT 
Collaboration, which is centred on Perth, Melbourne, and Sydney. Collaboration with 
cosmology experts at the University of WA, Edinburgh, and Tokyo is also expected. 

  

Left: Visualisation of the Illustris TNG simulation of the structure of the Universe, most of 
which is invisible to telescopes. Credit: IllustrisTNG Collaboration. Right: the Vera C. 
Rubin telescope in Chile, which will conduct the Legacy Survey of Space and Time. 
Credit: Olivier Bonin/SLAC National Accelerator Laboratory. This project will combine 
FRB data from large-scale optical surveys such as LSST to probe the hidden Universe. 


