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Understanding the behavior of the Martian plasma is essential for understanding magnetospheric dynamics and ion escape
processes. In particular, ion escape through the magnetotail is thought to be one of the main channels, but observations of the
nightside ionosphere remain limited, and its formation processes and variability are still poorly understood.

In this study, we derived a huge database of the Martian nightside ionosphere using observations from Mars Express (MEX)
and MAVEN spanning from October 2014 to November 2022. This enabled not only a global statistical investigation but also
detailed analyses of localized regions such as mini-magnetospheres. Furthermore, we performed a comprehensive survey that
combined upstream solar wind and interplanetary magnetic field (IMF) conditions with crustal magnetic field configurations,
which had not been sufficiently examined in previous studies.

Our results show that in regions of weak crustal fields, with few exceptions, the maximum electron density tends to be low
while the detection rate is high, and the solar wind dynamic pressure and the orientation of the solar wind electric field are
the primary controlling factors. In contrast, in regions of strong crustal fields, the maximum electron density is generally
high while the detection rate is low, and the relative orientation between the crustal field and the draped IMF plays a key
role. These tendencies are consistent with the recently highlighted characteristics of Martian “electron aurora,” supporting
the idea that electron precipitation is a primary production mechanism of the nightside ionosphere. Further constraints on its
formation processes are expected through analysis of ionospheric ion data from MAVEN.
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