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COSMIC PARTICLES INTERACTING IN OUR ATMOSPHERE OR EARTH

HIGH -ENERGY PARTICLE CASCADE

L. B. Mohrmann. PhD thesis, Humboldt U., Berlin, 
2015-11-11

Earth is constantly bombarded by high -energy 
particles, charged nuclei, photons and neutrinos. 

Typically the induced particle cascade is the way 
to detect the cosmic particle.

Flux drops rapidly toward higher energies. Large 
detection volumes needed. 

Need to cover large volumes at low cost Ą

Radio!!

???
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RADAR AND ASKARYAN RADIO DETECTION OF COSMIC NEUTRINOS
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Fig. credit:

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiho5DA6P_NAhXMJcAKHXggBWgQjRwIBw&url=https%3A%2F%2Fara.wipac.wisc.edu%2F&bvm=bv.127178174,d.ZGg&psig=AFQjCNGU-sL0nkznLBnrZgfx0zDuuf7lJQ&ust=1469027621207915
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ASKARYAN NEUTRINO DETECTION: THE AIR SHOWER BACKGROUND (SIGNAL)
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Figs: H. Schoorlemmer

Askaryan
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Geomagnetic

ASKARYAN NEUTRINO DETECTION: THE AIR SHOWER BACKGROUND (SIGNAL)

FROM AIR TO ICE

Air EM profile: 
10 km length 
100 m width

Ice EM profile: 
10 m length 
10 cm width

Fig: S. de Kockere

Transition Radiation
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ASKARYAN NEUTRINO DETECTION: THE AIR SHOWER BACKGROUND (SIGNAL)

TOWARDS CORSIKA 8: THE PERFECT SCENARIO

To calculate the full radio emission process from air showers penetrating the ice:

Cascade calculation / propagation

Å The shower propagates from air into the ice (Earth?)
Å At user specified ice/Earth heights

ÅWith user specified density (refractive index) profiles
ÅEarth composition (water, ice, salt, é.?)

Radio emission

Å The antenna (observer) can be located in the ice ( Askaryan radio detectors) or air at 
ground or large altitude (ANITA)

Å Ray tracing has to be performed from emission point to antenna (tables)
Å Transition radiation has to be included ( CoREAS)
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THE AIR SHOWER SIGNAL IN ICE: CURRENT STATUS
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THE AIR SHOWER SIGNAL IN ASKARYAN RADIO DETECTORS: CURRENT STATUS

CoREAS modification (Uzair Latif, Tim Huege ):

Å Generate tables with ray - tracing solutions on start of simulation O(1 min )
(Analytic ray - tracing inside CoREAS not feasible due to calculation time)

Å Exponential density profile needed
Å Interpolate signal travel times from tables for each particle track segment

Ą Large increase in calculation time

Å Calculate radio signal using CoREAS

Under investigation:

Å Modify electric field calculation? Ὑρ ὲÃÏÓ— ȩὙ

Å Include transition radiation
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THE AIR SHOWER SIGNAL IN ICE: CURRENT STATUS
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THE AIR SHOWER SIGNAL IN ASKARYAN RADIO DETECTORS: CURRENT STATUS

Ray - tracing implemented
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THE AIR SHOWER SIGNAL IN ICE: CURRENT STATUS
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THE AIR SHOWER SIGNAL IN ASKARYAN RADIO DETECTORS: CURRENT STATUS

Cross - checks show good results

End - Point Surface

Middle - Point Surface

End - Point In - ice

Middle Point In - ice
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WHAT DOES THE IN -ICE CASCADE LOOK LIKE?

THE AIR SHOWER SIGNAL IN ASKARYAN RADIO DETECTORS: CURRENT STATUS

Krijn de Vries ïcorsika8 workshop

Slide from Simon de Kockere

- Take CORSIKA particle output and propagate in GEANT4
- Set -up block of ice (10m x 10m x 20m) with gradient ice densit y



24 -6-2020 | 11

WHAT DOES THE IN -ICE CASCADE LOOK LIKE?

THE AIR SHOWER SIGNAL IN ASKARYAN RADIO DETECTORS: CURRENT STATUS
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Figs.: Simon de Kockere
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FROM CASCADE TO RADIO SIGNAL

THE AIR SHOWER SIGNAL IN ASKARYAN RADIO DETECTORS: CURRENT STATUS

Krijn de Vries ïcorsika8 workshop

Apply CoREAS formalism on 
particle tracks from GEANT4

Radio intensity 150 m 
below the air - ice boundary

Figs.: Simon de Kockere


