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Abstract

We present 3-D simulations of the Martian ionosphere
performed with the General Circulation Model de-
veloped at Laboratoire de Météorologie Dynamique,
LMD-MGCM. Special emphasis is put in the behavior
of the nighttime ionosphere, much less known than its
dayside counterpart.

1. Introduction

While the basic processes at the origin of the Mar-
tian dayside ionosphere and its variability are rela-
tively well-known, thanks among others to the mea-
surements of MGS and MarsExpress (see [6]), much
less is known about the behavior of the ionosphere
during nighttime, due to the scarcity of observations.
[4], using measurements by MarsExpress radar MAR-
SIS, have shown that the occurrence rate of nightside
ionospheric areas with electronic densities higher than
the detection limit of the instrument decreases with
increasing Solar Zenith Angle for SZA<125 degrees,
for areas of weak crustal magnetic fields. This patchy
behavior is attributed to the transport of plasma from
the dayside. The measured peak electronic concentra-
tions are usually lower than 2·104 cm−3. [5] report
the detection of areas of enhanced ionization in the
deep nightside (SZA>125 degrees), corresponding to
regions with open magnetic field configuration. And
[7], using MarsExpress MaRS vertical electron density
profiles, found a decrease in the electronic concentra-
tions with increasing SZA up to 115 degrees, again
attributed to plasma transport. MaRS results suggest
also that electron precipitation in the deep nightside is
the main ionospheric source.

In this work we use the a 3-D GCM, recently
improved to include ionospheric processes, in order
to characterize the processes that populate the Mars
nightside ionosphere, and specially near the termina-
tor.

2. The improved ionospheric
LMD-MGCM

The model used in this study is an improved ver-
sion of the LMD-MGCM described in [2]. The im-
provements include an extension of the thermospheric
chemical module to include ionospheric chemistry and
the ionization by UV photons and photoelectrons, a
new method to take into account the day-to-day vari-
ability of the UV solar flux, an improved parameteri-
zation of the 15µm cooling by CO2 under Non-Local
Thermodynamic Equilibrium conditions, and an im-
proved molecular diffusion scheme. These improve-
ments are described in detail by [3]. The model has
been further extended to include plasma dynamics pro-
cesses [1]. The model does not include the effects of
precipitating particles. The effects of magnetic fields
are neither considered at this stage.

3. Summary of results
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Figure 1: Electronic concentration as a function of al-
titude and local time for equatorial latitudes. A loga-
rithmic color scale is used, so that 5 means 105 cm−3
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dayside, our model predicts the presence of a night-
side ionosphere (see Fig. 1). This nightside iono-
sphere is mainly formed by NO+ ions, which have a
chemical lifetime long enough to survive during the
night, even in the absence of chemical productions. A
decrease of the electronic concentration with increas-
ing SZA for SZA<120 degrees, similar to the decrease
observed by MARSIS and MaRS, is obtained. When
plasma transport is included, the electronic concentra-
tion in the lower ionosphere is furter increased. How-
ever, the overall picture is not modified by the inclu-
sion of plasma dynamics. These results suggest that
photochemistry, and not plasma transport, is at the
origin of the decrease of electronic concentrations in
the post-terminator ionosphere. This nighttime iono-
sphere, as a chemical remnant from the daylight hours,
fades with time during the night. In the deep nightside
the predicted densities are low, and our model can not
explain the presence of areas of enhanced ionization,
since the effects of precipitating electrons are not yet
considered. Our results, combined with the measure-
ments of local nighttime enhancements, indicate that
below about 140 km there is a nighttime background
ionosphere of photochemical rather than transport ori-
gin, on top of which enhanced patches may be created
locally by precipitation or other processes.
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