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Several neutrino observatories, such as the IceCube Neutrino 

Observatory at the South Pole, have successfully demonstrated the 

viability of using optical modules to detect neutrino interactions in ice 

or water, instrumenting volumes as large as 1 km³. At energies of 10 

PeV and above, even such impressive detection volumes prove 

insufficient to observe the extremely low flux of these very energetic 

neutrinos, calling for new detection techniques suited to cover even 

larger volumes in a practical and cost-efficient way. A neutrino 

interacting in ice will create a particle cascade developing a net negative 

charge, leading to so-called Askaryan radio emission, which has an 

attenuation length of the order of ~ 1 km. Next-generation neutrino 

observatories are exploring the feasibility of detecting radio emission 

from neutrino interactions in ice, using the polar regions as detector 

sites. Although Askaryan radiation from particle cascades in dense 

media has been observed in controlled environments, no proof of its 

detection in nature has been presented yet. 

 

However, radio emission from cosmic-ray air showers has been 

observed by several ground-based radio observatories. Furthermore, at 

high altitudes typical for polar ice sheets, cosmic-ray air showers 

reaching the ice surface still contain a large fraction of the energy of the 

primary particle. This energy is mostly concentrated around the shower 

core, which propagates into the ice and leads to the development of an 

in-ice cascade, similar to neutrino-induced particle cascades. Cosmic 

rays are however much more likely to interact and the corresponding 

observed flux is significantly higher. Therefore, detecting cosmic-ray 

events with in-ice radio neutrino detectors would serve as a valuable 

proof-of-concept. Additionally, these events also form an important 

background, which has to be identified in the search for neutrino 

signals. 

 

The thesis presents the first Monte-Carlo simulation framework 

developed to simulate the radio emission from cosmic-ray showers for 

in-ice radio detectors, including both the in-air and in-ice component of 

the cascades. It relies on an existing Monte Carlo code for the 

simulation in air, and uses a module developed with the GEANT4 

simulation toolkit for the simulation in ice, both applying ray tracing for 

the propagation of the radio emission. Key features of the in-ice particle 

shower as well as the radio emission from both the in-air and the in-ice 

cascade components for in-ice observers are discussed. 
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