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The emerging field of High Energy Atmospheric Physics (HEAP) studies events producing high energy particles
and associated with thunderstorms, such as terrestrial gamma-ray flashes, electron—positron beams, thunderstorm
ground enhancements and gamma-ray glows. Understanding these phenomena requires appropriate models, for
the interaction of high energy electrons, positrons and photons with air. In our first study [1], we investigated the
results and performance of several Monte Carlo codes, in the absence of electric fields. In this paper, we follow-up
this study by investigating the results of several codes used in the HEAP community when the effects of the
electric fields are included, more precisely when its magnitude is high enough to produce Relativistic Runaway
Electron avalanches (RREA).

First, we provide two simple set-ups that could be used by the community for future benchmark of codes
that are not included in this study. The first one checks the probability to create a RREA from a given seed electron
inside a given electric field magnitude, and the second one checks the full properties of the RREA at different
records in time and space and for several electric field magnitudes. Then we proceed to these two benchmark on
three codes used in the HEAP community : Geant4 [2], GRRR [3], and REAM [4].

We found that the probability of a seed electron to trigger a RREA is mainly determined by the physical
implementation of electron impact ionization above 10 keV and a proper integration of the electron energy and
motion while it is undergoing friction from air and acceleration by the electric field. For Geant4, appropriate
step-length limitations are mandatory to get accurate results. We show that accurate RREA simulations can be
achieved with energy cutoff up to 10 keV, allowing for fast simulations.

Finally, we present the comparison of the outputs of the three codes in terms of average energies, multipli-
cation factors, and size of the shower, and discuss some differences.
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