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SIMULATION 

STEP BY STEP 
 

● A small green line is RREA 

600 m height 

 

● Cylinder cell 600m height 

● Placed at 10 km height 

● 30 keV energy cut 

● Cylinder is very wide (10 

km) 

● Seed electron 3 MeV 

● Electric field 110 kV/m 



SIMULATION 

STEP BY STEP 
 

        Height ,km         Energy , MeV 

        Critical field ,kV/m   Energy loss, MeV*cm^2 /g 

Gurevich (1992) 



COORDINATES 

TIME 
 

VELOCITY 

ACCELERATION 

SIMULATION 

STEP BY STEP 
 

● Cylinder cell 600m height 

● Placed at 10 km height 

● Electric field 110 kV/m 

● 0.03 MeV energy cut 

● Cylinder is very wide (10 

km) 



SIMULATION 

STEP BY STEP 
 

https://en.wikipedia.org/wiki/Li%C3%A9nard%E2%80%93Wiechert_potential 

ELECTRIC AND MAGNETIC FIELDS FOR EACH 

PARTICLE AT EACH SIMULATION STEP 
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i - simulation number 

Ei - field in i-simulation 

N - simulations amount 

Et - track field 

t - track number 

Mi - simulation tracks 

amount 

Track field after geant4 Approximated track field 
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DELAY AND COMPRESSION 
 

 

time, ns 

● Amount of particles 



DELAY AND COMPRESSION 
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600 m 

Observed point 

(detector) 

1000 m 

e 

 

300 m 

H = 600m    - cell size 

V = 0.8*C    - electrons velocity for estimation 

h = 1000m   - distance to observed point 

Growth time = H/V = 2500 ns 

Light arrival times: 

   for seed electron = (H/2+h)/C ~ 4300 ns 

   for the last one =H/0.8C + (h-H/2)/C ~ 4633 ns 

 

pulse duration > 4633 - 4300 = 333 ns 

 



DELAY AND COMPRESSION 
 

 

time, ns 

● Amount of particles 

<2500 ns 

>333 ns 
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SPECTRUM,MEASURABILTY 
 

 

Peak value 3*10^(-10) V/m is unmeasurable 

  

Seed flux density is 1000 electrons per 

second per square meter * 

 

Coherence time ~ 1000 ns -> 

 

->seed flux 1000 electrons per square km 

per microsecond 

 

Multiplyed value ~ 3*10^(-7) V/m 

* Astrophysics and Space Science Library 303) Lev I. Dorman (auth.)-

Cosmic Rays in the Earth’s Atmosphere and Underground-Springer 

Netherlands (2004) 



R - distanse to observed point 

 

r - horizontal projection of R 

 

h1,h2 - cell top and bottom heights 

 

I - current , delta ~ 1 or 2 m 

 

I=e*N*V/(delta) 

 

N - amount of particles in RREA 
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alternative estimation 
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R - distanse to observed point 

 

r - horizontal projection of R 

 

h1,h2 - cell top and bottom heights 

 

i - current 

 

di/dt = e*dN/dt , N - amount of particles 

in RREA 

 

r = 500m , R = 1000m , 

di/dt = 10^(-9) A/s 

h1= 700m , h2 = 1300m  

 

=> E~10^(-10) V/m 

 



https://www.overleaf.com/project/5cc1ad9ca595920ee3c77c33 

MEASURABILTY:  

low energy particles 
 

 

10^7 - 10^9 times higher 

amount of particles 

 

10^(6) times lower velocity 

 

 



 
 

 

SUMMARY 
 

 

High energy electrons can not produce measurable VHF signal 

 

Low energy particles also unlikely to be the source of measurable radio waves 

 

Observed pulses folowing RREA are something else  
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