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Abstract

Energetic electron depletions are a notable feature of the nightside Martian upper atmosphere. In this study, we investigate
systematically the variations of the occurrence of depletions with both internal and external conditions, using the extensive
Solar Wind Electron Analyzer measurements made on board the Mars Atmosphere and Volatile Evolution. In addition to the
known trends of increasing occurrence with decreasing altitude and increasing magnetic field intensity, our analysis reveals that
depletions are more easily observed when the ambient magnetic fields are more horizontally inclined and under lower Solar
Wind (SW) dynamic pressures. We also find that the occurrence increases with increasing atmospheric CO$-2$ density but this
trend is restricted to low altitudes and within weakly magnetized regions only. These observations suggest that the formation
of electron depletions is two folded: (1) Near strong crustal magnetic anomalies, closed magnetic loops preferentially form and
shield the atmosphere from direct access of SW electrons, a process that is modulated by the upstream SW condition; (2) In
weakly magnetized regions, SW electrons precipitate into the atmosphere unhindered but with an intensity substantially reduced
at low altitudes due to inelastic collisions with ambient neutrals. In addition, our analysis reveals that both the ionospheric
plasma content and thermal electron temperature are clearly reduced in regions with depletions than those without, supporting
SW electron precipitation as an important source of external energy driving the variability in the deep nightside Martian upper

atmosphere and ionosphere.
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2016 with a periapsis altitude of 141 km and a periapsis SZA of 128. (A) The SWEA electron

intensity from 3 eV to 4.6 keV averaged over the instrument FOV; (B) The magnetic eld inten-

sity based on the MAG measurements along with the three components in the local coordinate;

(C) The spacecraft altitude and SZA; (D)-(F) The electron depletions identi ed according to our

method and those of &

[2015] and %k

[2017]. The two vertical lines in the

gure encompass regions within the optical shadow, where the presence of energetic electron de-

pletions is clearly revealed by the data. The crustal magnetic eld model of #h

[2014] is superimposed in panel (B) for comparison.
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(A) The variation of dynamic pressure during MAVEN orbit #2537 on 19 January
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Figure 13. Similar to Figure 12 but for the distribution of NO * in the nightside Martian

ionosphere.

played ion species. A similar nding was reported byGirazian et al. [2017a] who com-
pared the nightside averaged ion density pro les under high and low incident energetic

electron uxes, both irrespective of SZA.

For regions close to the EUV terminator, the observed variations of ion densities
in Figure 12 should be interpreted with caution because this is where the nightside iono-
sphere is more likely supported by day-to-night plasma transport rather than SW elec-
tron precipitation [e.g. Withers et al., 2012; Cui et al., 2015]. Despite this, the ion dis-
tributions between regions with and without depletions are still remarkably di erent, which
could be interpreted by the fact that the closed magnetic loops with both footprints on
the nightside should not only hinder the precipitation of SW electrons but also hinder
the horizontal transport of ionospheric plasma from the dayside. This is consistent with
the recent study of Cao et al. [2019] revealing that day-to-night transport in the Mar-

tian ionosphere tends to be suppressed in the presence of strong crustal magnetic elds.

A further complication is encountered for the long-lived ions which could be replen-
ished by ion-neutral reactions during day-to-night transport [e.g. Gonzalez-Galindo et al.,
2013], analogous to the situation occurring on Titan Cui et al., 2009b]. A notable ex-
ample in the nightside Martian ionosphere is NO that is replenished by the reactions
of O* and O, with atmospheric N, [Girazian et al., 2017b]. The density distribution
of NO* with altitude and SZA is shown in Figure 13. The di erence between regions

with and without depletions appears to be substantially reduced relative to the di er-
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