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Statistical study of how the Martian nightside ionosphere globally depends on the
solar wind, IMF direction, and crustal magnetism
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On the night side of Mars, a more tenuous and variable ionosphere exists compared to the day side (e.g., Zang et al., 1990;
Némec et al., 2010; Girazian et al., 2017), which is primarily generated by day-to-night plasma transport and electron impact
ionization (Fox et al., 1993). Previous studies have shown that these processes are either suppressed or enhanced by the
upstream solar wind and interplanetary magnetic field (IMF) conditions, and crustal magnetic fields mainly distributed in the
southern hemisphere of Mars (Acuna et al., 1999). Dieval et al. (2014) conducted a statistical study of the dependences of
the Martian nightside ionosphere on these upstream and local conditions. However, their data set is limited to approximately
seven months during the simultaneous observation period of the Mars Express (MEX) and Mars Global Surveyor (MGS)
spacecraft under specific conditions. Additionally, the upstream solar wind and IMF conditions were determined based on
proxies inferred from the MGS observations at 400 km altitude, presenting challenges in terms of temporal and spatial cover-
age, as well as the accuracy of the solar wind and IMF conditions.

To address these challenges, this study re-investigated the upstream solar wind and IMF dependences of the Martian night-
side ionosphere statistically, using a much larger data set from MEX and Mars Atmosphere and Volatile EvolutioN (MAVEN)
spacecraft from October 2014 to October 2022. We process the data from the radar sounder observations of the nightside
ionosphere at solar zenith angles >110° conducted by MARSIS onboard MEX and organize the nightside ionospheric peak
density according to MAVEN in-situ observations of the upstream solar wind. This enables a global statistical analysis of
the nightside ionosphere over a much extended period compared to previous studies, revealing new aspects of the nightside
ionosphere of Mars. For example, Dieval et al. (2014) reported very high-density ionospheres primarily under westward
IMF conditions, but we identify that this trend is specific to certain regions, including some strong crustal magnetic field
regions. With the wider and denser geographic coverage, we find that high-density ionospheres are detected under eastward
IMF conditions in the northern hemisphere and different strong crustal magnetic field regions that were poorly sampled in the
previous study. Therefore, it is suggested that both westward and eastward IMF conditions globally influence the generation
of high-density nightside ionospheres. We will present the global dependence of the Martian nightside ionosphere on exter-
nal factors such as upstream solar wind and IMF conditions, crustal magnetic fields, and solar activity levels along with the
relationship with Martian discrete aurorae.
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