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  [Inan et al., 1996]



    

Runaway Electron Avalanche
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Monte Carlo simulation

z

x
y

B
E θ

Equation of motion:

d~p

dt
= −e ~E − e

mγ
[~p × ~B] + ~Γ(t)

Production of new electrons:

P (~p creates ~p′ in interval d3~p′) = NmZmdσdt

Angular diffusion part of Γ(t):

change direction by δθ =
√

4D∆t

Previous runaway avalanche models:

• analytical [Gurevich et al., 1996; Sizykh et al., 1993; 
Bulanov et al., 1997];

• kinetic [Symbalisty et al., 1997];

• Monte Carlo [Shveigert, 1988].
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Dynamic friction function

Exclude losses to created electrons from the friction:

Fd,excl(p) = Fd(p) − NmZm

∫ E−Emin

Emin

∆Eσ(E , E ′)dE ′
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Comparison of different predictions of
runaway electron growth rate 1/τi

Two ways to calculate 1/τi:
1. Exponential growth of electron number:

NR(t) ∼ et/τi

2. Ionization integral:

1
τi

=
∂NR/∂t

NR
=

∫
REL

producers
Nmvσtotf(~p)d3~p∫

REL
f(~p)d3~p
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Upper atmosphere model
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• cartesian (translationally symmetric along y axis)

• quasielectrostatic [Pasko et al., 1997]

• fluid model for runaway electrons [Lehtinen et al., 1997]

Dimensionless parameters for runaway velocity and rate:

δ0 = E/Et, η0 = cB/Et, µ0 = cos( ~E, ~B)
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• We calculated uniform runaway electron avalanche rates 
in constant electric and magnetic fields and compared 
them to previously done work.

• We modelled runaway breakdown due to a positive return 
stroke from a laterally extensive thundercloud using 
cartesian (translationally symmetric) model and a lookup 
table of calculated runaway electron velocities and 
avalanche rates.

• The geomagnetic field controls the motion of runaways at 
>35km at mid-latitudes, where most Sprites are observed, 
and close to equatorial region, where the terrestrial γ-ray 
flashes are observed.

• At mid-latitudes geomagnetic field doesn't retard the 
runaway electron avalanche since the angle between E 
and B is small.

• For sufficiently large discharge values, the REL-produced 
γ-rays flux values agree with BATSE data [Fishman et 
al., 1994].

Conclusions
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