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Introduction: Electron precipitation is the domi-
nant source of energy input to the nightside of Mars
(e.g. [1]), and there are two main sources of precipitat-
ing electrons: photoionization and solar wind elec-
trons. Solar wind electrons can precipitate directly
onto the Martian nightside along open field lines. Ad-
ditionally, photoelectrons produced by photoionization
on the dayside can be transported across the terminator
to the nightside [2] [3]. As electrons are carried onto
the nightside, they interact with neutrals---with COo,
N,, Ar, O, and CO as the most abundant neutral
species at high altitudes---through ionization, dissocia-
tion, and excitation. Variable magnetic and solar wind
conditions result in variable ionization rates, which
produce a patchy and fluctuating nightside ionosphere.

Abstract: With the aim of improving global simu-
lations of the Martian ionosphere, we have built an
empirical model of 137 electron impact processes—
including ionization, dissociation, and excitation—on
the nightside of Mars, based on MAVEN in situ data
collected between 2014 and 2023, and expanding upon
the empirical study presented in [4]. The empirical
model demonstrates the significant impact magnetic
conditions have on nightside ionization rates, with dif-
ferent magnetic topologies reversing trends previously
seen in ionization dependence on magnetic field
strength: closed field lines on the nightside show a de-
crease in ionization with stronger fields, while topolo-
gies where field lines connect to a source of plasma at
one or more end show an increase of ionization with
stronger fields. This empirical model is then coupled
with MHD [5] simulations of the Martian magneto-
sphere as input to the PCM-Mars (Planetary Climate
Model-Mars) [6,7] and M-GITM (Mars-Global Iono-
sphere-Thermosphere) [8] thermosphere-ionosphere
models to provide a source of ionization on the night-
side. We present new simulations of the global iono-
sphere with ionization sources on both the day and
nightside.
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Fig 1: Top panel: global ionospheric electron den-
sity modeled in M-GITM without electron precipita-
tion included. Bottom panel: global ionospheric elec-
tron density modeled in M-GITM with electron pre-
cipitation included.
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