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Status and results of the radio module

(the radio branch is under code review and is to be merged to master very soon)

Heidelberg 2022
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Electron in a uniform magnetic field
Manual tracking algorithm

100.000 points on a circle (L = 100m) 
connected by straight track 
segments. The relativistic electron of 
fixed energy, is allowed to travel on 
these tracks.

       CORSIKA 8 tracking algorithm

Used C8’s LeapFrog magnetic field 
tracking algorithm. Created a 
suitable environment with the 
corresponding values for magnetic 
field and gyrofrequency of the 
relativistic electron.
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Simulation of an extensive air shower

● 10 TeV electron-induced vertical shower
● US Standard atmosphere – uniform refractive index (n=1.000327)
● Horizontal geomagnetic field B = 50 μT aligned in the x direction
●
● Star-shaped grid of antennas – 20 concentric rings (25m - 500m)

Comparison
● CORSIKA 8 – CoREAS 
● CORSIKA 8 – ZHS 
● CORSIKA 7 – CoREAS 
● ZHAireS
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Pulses comparison
Antenna at 50m from the shower core

● Very good agreement between 
C8 (both formalisms) and C7 in 
pulse amplitude

● ZHAireS seems slightly off

Antenna at 200m from the shower core

● Very good agreement between 
C7, ZHAireS and C8 CoREAS in 
pulse amplitude

● C8 ZHS is a bit higher
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Frequency spectra comparison
Antenna at 50m from the shower core

● Increase in power below 80 MHz 
for C8 spectra

● Increase in power between 300 
and 400 MHz for C8 spectra

● C8 CoREAS and C8 ZHS 
diverge after 420 MHz

● Overall decent agreement

Antenna at 200m from the shower core

● Slight increase in power below 
200 MHz for C8

● C8 CoREAS and C8 ZHS diverge 
slightly after 200 MHz

● Overall decent agreement
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Polarization properties
Antenna at 200m from the shower core

● Polarization behaviour matches
● C8 pulses have a bipolar 

structure instead of a unipolar 
pulse 

● This affects the symmetry

Antenna at 200m from the shower core

● Polarization behaviour matches
● C8 pulses have a bipolar 

structure instead of a unipolar 
pulse

● This affects the symmetry
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Energy fluence 2D maps (30 - 80 MHz)

All polarizations
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Cascade bug
Heidelberg 2022

● This analysis was made with applying the Cascade.inl “quick fix”, in 
order to avoid completely neglecting multiple scattering and messing 
”less” with particle direction.

More details on:
MR426, issue 482, issue 483

“quick fix”
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Profiles & Pulses Heidelberg 2022

Antenna at 50m

Antenna at 200m

● more detailed profile studies were done in Jean-Marco’s talk
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Design and implementation
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balloon

Radio Signal Propagation
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     Overcome current limitations using C8
1. signal reflected or upwards-going showers
2. consider ray curvature
3. showers crossing from air to dense media 

      
 and many more...

1

2
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Radio module architecture

User-configurable 
parameters

● Filter

● Formalism

● Propagator

● Antenna
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Examples and future development
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Usage example
Heidelberg 2022

1. Create an antenna collection object

2.    Create any pattern of antennas you wish  
       and put it in the antenna collection
       – In this case a star shaped pattern3.      Create a radio process using the 

         antenna collection, the algorithm and  
         the propagator you want

4.     Put the radio process in the process 
        sequence
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A simple propagator
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Future development
Heidelberg 2022

● Merge radio branch once the code review is done

● Implement new propagators for more sophisticated signal 
propagation scenarios (see Juan’s talk)

● Implement a faster propagator - probably tabulated for a 
fixed standard environment

● Implement more advanced filters
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Thank you!
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