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SIMULATION
STEP BY STEP

(f‘ (GEANT

A SIMULATION TOOLKIT

o Cylinder cell 600m height

« Placed at 10 km height

30 keV energy cut

o Cylinder is very wide (10
km)

 Seed electron 3 MeV

. Electric field 110 kV/m e A small green line is RREA
600 m height




SIMULATION
STEP BY STEP
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SIMULATION
STEP BY STEP
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T | A SIMULATION TOOLKIT
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o Cylinder cell 600m height

« Placed at 10 km height

o Electric field 110 kV/m

« 0.03 MeV energy cut

o Cylinder is very wide (10
km)

COORDINATES VELOCITY
TIME ACCELERATION




SIMULATION
STEP BY STEP
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ELECTRIC AND MAGNETIC FIELDS FOR EACH
https://en.wikipedia.org/wiki/Li%C3%A9nard%E2%80%93Wiechert_potential PARTICLE AT EACH SIMULATION STEP



SIMULATION

STEP BY STEP
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ELECTRIC AND MAGNETIC FIELDS FOR EACH
PARTICLE AT EACH SIMULATION STEP



SIMULATION .
STEP BY STEP Ei=) Ei
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DELAY AND COMPRESSION

normalized amount of partciles and electric field
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DELAY AND COMPRESSION

e H=600m - cell size
"""""""""""" 7 V =0.8°C - electrons velocity for estimation

h=1000m - distance to observed point
600 m Ez=110 kV/m

Growth time = H/V = 2500 ns

Light arrival times:

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

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

==0 pulse duration > 4633 - 4300 = 333 ns

Observed point
(detector)




DELAY AND COMPRESSION

normalized amount of partciles and electric field
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Value

SPECTRUM,MEASURABILTY

1e—10 Electric field, V/m

i e

LHE B

£.3 4

2.0 A

1.5 -

1.0 -

0:5:5

0.0

LA ' ' ' O e . ! J == LTRE A3
101 10° 101
frequency,MHz

Peak value 3*107(-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*107(-7) V/m

* Astrophysics and Space Science Library 303) Lev |. Dorman (auth.)-
Cosmic Rays in the Earth’s Atmosphere and Underground-Springer
Netherlands (2004)



MEASURABILTY:
alternative estimation

R - distanse to observed point

h t r - horizontal projection of R

] 2z= R
E.r.1)= / dz( - ) / i\ & 2) dr _
27€g R(z) . C h1,h2 - cell top and bottom heights
/?1 | tb(z)
(222 _ rz) ( R(Z)) | - current , delta~1or2m
o —s 4% dz
cR*(2) . I=e*N*V/(delta)
- R\
B (Z’t ¢ ) o5 N - amount of particles in RREA
c*R3(z) dt |

Amitabh Nag and Vladimir A. Rakov,
JOURNAL OF GEOPHYSICAL
RESEARCH, VOL. 115,
D20102,doi:10.1029/2010JD014235, 2010



MEASURABILTY:

1e—16 ELECTRIC CURRENT , A

alternative estimation
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MEASURABILTY:
alternative estimation

R - distanse to observed point

hy t r - horizontal projection of R

] 2z% R(z
E.lr.1)= / dz( ) / 1 -2 2) dt |
27€ R(z) . C h1,h2 - cell top and bottom heights
/21 | {b(z)
252 __ 32 R(z | - current
| ( 2 )i(z,t (‘)>dz
cR*(2) . di/dt = e*dN/dt , N - amount of particles
o di (Z’, Rf)) in RREA
dz| ,
Rz di 2k r = 500m , R = 1000m |,

| di/dt = 107(-9) A/s

Amitabh Nag and Vladimir A. Rakov, h1=700m , h2 =1300m

JOURNAL OF GEOPHYSICAL
RESEARCH, VOL. 115,
D20102,doi:10.1029/2010JD014235, 2010

=> E~107(-10) V/m



MEASURABILTY:
low energy particles

| Number of ions from RREA
j 1077 - 10"9 times higher
10%° amount of particles
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https://www.overleaf.com/project/5cc1ad9cad595920ee3c/7¢c33



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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