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Particle physics beyond the LHC: what can cosmic rays tell us? 

Cosmic rays are the highest-energy particles in nature, impacting 
the Earth with energies more than a million times higher than can 
be achieved with the Large Hadron Collider. As such, they hold 
the key to particle physics processes that cannot be studied in a 
laboratory. 

When a cosmic ray interacts, it leads to a cascade of billions of 
secondary particles, which in turn emits a burst of radio waves 
lasting less than a microsecond – yet this burst holds unique 
information on the primary cosmic ray’s properties. And the 
world’s most sensitive radio telescope, the Square Kilometre 
Array (SKA), will soon begin construction here in Western 
Australia. 

The High Energy Cosmic Particles Focus Group is an 
international collaboration aiming to use the SKA to study both the 
origin of cosmic rays, and high-energy particle physics processes. 
A prototype particle detector has been deployed at the Murchison Widefield Array (MWA) – the SKA-
low precursor – and a cosmic ray detection mode with the MWA is being developed. It is therefore 
vital to understand exactly what the SKA could tell us about the standard model of particle physics – 
and beyond. 

Aims of project: 

(i) Model high-energy particle physics interactions

(ii) Determine the effects on cosmic ray signals

(iii) Determine how MWA/SKA data can be used to probe high-energy particle physics processes

This project will use a particle physics simulation package, CORSIKA, and its radio extension, 
CoREAS, to simulate high-energy particle physics cascades, the associated radio emission, and its 
detection by the SKA. An honours project would progress through aims (i) and (ii) only, while a PhD 
student would be expected to collaborate with the Institute for Theoretical Physics in Hamburg, 
Germany, and present their results at an international conference. 

Simulation of the radio signal generated by a cosmic 
ray as seen by the core of the Square Kilometre 
Array, generated under standard physical 
assumptions. But what will deviations from this 
expectation tell us about physics at the highest 
energies? This project will tell us the answer. 
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