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Goals 

• Derive the analytical solution for the emission by a charged particle 
moving in the matter 

• Check the validity of the Endpoint formalism and ZHS by deriving 
both formulas from basic principles 

• Find out the rage of applicability of the simulations based on the 
Endpoint and ZHS to the: 

– Air showers 

– SLAC 

 

• Develop technique to avoid singularities in MC simulations at critical 
values for the parameters: 

– At the critical angle 

– At low frequency 

– In near zone (important for SLAC) 

 

• Improve current MC codes. 
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Start with Maxell’s equations … again 
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Spectral components 



K. Belov ARENA 2012 5 

E-field 



K. Belov ARENA 2012 6 

Current density 
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Coherence time 

• Can we use this to speed up the MC for the air showers? 
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Emission from the ends of the trajectory (yellow regions) 
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Sum over all straight segments 
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Ends of a particle track approach 
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Ends of a particle track 
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Bremsstrahlung 
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Conclusions 

• ZHS and Endpoint Formalism are mathematically identical by 
derivation. More strictly, if both are derived with no medium 
present.  

• The physics reason is the E-field cancellation from nearby 
Fresnel zones along the track due to the phase change by π 

 

• ZHS and Endpoint formalism are only valid in Fraunhofer 
zone where dropping the static term term is possible => It is 
not correct to say that Endpoints -> ZHS in far zone as both 
are derived in this approximation.  

 

• Low frequency limit is not valid for both approaches as the kr 
>> 1 condition is violated. 

 

• In Endpoint we might have to subtract very close terms each 
going to infinity (at n close to 1). Should switch to different 
approximation. 
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• Endpoint is the “full spectrum” solution of Maxwell’s 
equations. Accounting for the medium is not that trivial. 
Simple addition of the phase shift works for ZHS. Not 
important for air showers with 10 MHz – 3 GHz range in 
mind. 

• We should interpret the emission in the presence of medium as 
emission from all particles moving with acceleration, 
including the charges in the medium. We did not account for 
the particle interaction with the charges in the medium in both 
approaches. MC simulations are taking this into account. 
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