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Together with collaborators at the Australian National University (Mohammad Ali Nawaz, 

Geoffrey Bicknell) and the University of Waterloo (Brian McNamara) we have begun a 

detailed study of the famous cool-core radio galaxy Hydra A to understand the heating and 

mixing processes involved in radio-mode feedback on cluster scales. From existing data, we 

have made accurate measurements of the hot ICM structure and the jet power using 

synchrotron minimum energy calculations. We then created realistic 2.5D relativistic 

hydrodynamic models with the PLUTO code for the inner 30 kpc of the radio source, focusing 

on the correct reproduction of conical reconfinement shocks and Mach disks. This procedure 

yields very accurate estimates of jet parameters, especially the jet radius, velocity, pressure, 

constitution, and amount of entrainment. We have also embarked upon creating. A paper has 

been submitted, and is under revision, summarizing the results of the first stage of this work. 

(Fig: hydra_a_shocks.png. Hydrodynamic model of the jet stream, with comparison to 

observations of the jet radius and reconfinement shock locations.)  

 

In a project led by collaborator Toby Potter (University of Western Australia), we modeled 

the time-dependent radio emission of supernova remnant 1987A from days 820 to 10,000 

since the explosion. Following a thorough examination of the ambient ISM density structure 

involving a blue supergiant wind, an HII region, and equatorial clouds, a realistic 

3-dimensional hydrodynamic model of the supernova expansion was performed with the 
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FLASH code. The synchrotron emission from accelerated cosmic-ray electrons was calculated 

by incorporating a shock detection algorithm and advecting a non-thermal particle 

distribution at every shock in a semi-analytic post-process calculation involving diffusive 

shock acceleration and magnetic field amplification. The resulting synthetic radio data are 

directly compared with observations and shown to reproduce the global asymmetric structure 

and the equatorial bright ring of emission. A paper has been submitted and accepted with 

minor revisions pending. (Fig: vol_obs_synth.png. Left: Volume render of the equatorial 

ring-like radio emission after the interaction with dense clouds. Right: Comparison between 

synthetic and observed radio data.)  
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Solving the core-cusp problem of cold dark matter halos and the origin of their 

observational universalities  

  

Numerical Investigation of Galactic Merger Utilizing High Performance Computing 
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Architectures: Ancient Satellite Galaxy and Wandering Supermassive Black Hole 

Mohammad Ali Nawaz (The Australian National University, Research School of 

Astronomy and Astrophysics) 

Interaction of Jets with the Intracluster Medium 

Marc White (The Australian National University, Research School of Astronomy and 

Astrophysics) 

Outflows from Young Stellar Objects 
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Collaboration with Prof. Joseph Silk (IAP) and Prof. Colin Norman on "Positive Feedback

through AGN-pressure Induced Star Formation in Disk Galaxies." Visiting researcher to 

the Institut d'Astrophysique de Paris, France, and Johns Hopkins University, Baltimore 

MD. 
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Publication of a free, open-source code to create initial conditions representative of a 

fractal, log-normal, inter-stellar medium density field for hydrodynamic simulations, 

"pyFC" (http://www.ccs.tsukuba.ac.jp/Astro/Members/ayw/code/pyFC/index.html). 

 

  


