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Abstract. Lightning on Earth is a complex natural phenomenon bridging several lengths,
time, and energy scales ranging from the scattering and motion of the lower-energy
electrons in streamer discharges to the emission of MeV leptons, hadrons, and photons by
kilometer long lightning leaders. Lightning, and other types of transient plasmas in our
atmosphere are responsible for the production of nitrogen oxides, ozone, and other
greenhouse gases. Likewise, the Miller-Urey experiment has shown that the electrical
discharges in the atmosphere of Primordial Earth may have catalyzed the production of
amino acids as a precursor of life on our planet (Kohn et al. 2019, 2022).

In this work, we study the properties of electron transport in gas mixtures that reflect
diverse planetary atmospheres, keeping in mind that lightning is not limited to our planet
only. Using a numerical multi term solution of the Boltzmann equation and a Monte Carlo
simulation approach (Dujko et al. 2010), calculations were carried out over a range of
planetary atmospheric conditions relevant for the modeling of electrical discharges and
transient plasmas such as sprites and elves. Thermalization of high-energy electrons
produced by cosmic rays in Earth’s atmosphere and the impact of a planetary magnetic
field on the transport properties of the electrons in atmospheres of the gas and ice giants are
also examined. We also discuss electron avalanches and avalanche-to-streamer transitions
in the atmospheres of Primordial Earth and Titan (the largest satellite of Saturn), by
modeling the electron dynamics with the fluid and particle models.
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