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Abstract: The present issue of Earth and Planetary Physics is dedicated to the near-space neutral and plasma environments of Mars. The
issue includes nine papers that present new results on the properties of the Martian exosphere, ionosphere, and magnetosphere, from
both observational and modeling points of view. Due to the similarity between the two objects, the issue also includes two additional

papers on the near-Venus plasma environment.
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1. Introduction

The present issue of Earth and Planetary Physics (EPP,
http://www.eppcgs.org) is dedicated to the near-space neutral
and plasma environments of Mars, including the middle and up-
per atmosphere, ionosphere, exosphere, and magnetosphere,
along with their interactions with the solar wind (SW). In recent
years, the study of the near-Mars space environments has be-
come a burgeoning field, especially thanks to the wealth of new
data accumulated by the Mars Atmosphere and Volatile Evolution
(MAVEN) mission (Jakosky et al., 2015). Our understandings of this
exciting field have also been greatly improved by increasingly
sophisticated modeling capabilities. For instance, we are starting
to elucidate, from both observational and theoretical points of
view, the two-way couplings on Mars between the thermosphere
and ionosphere, between the photochemically-dominated colli-
sional ionosphere and the transport-dominated upper iono-
sphere, and between all these regions and the highly variable SW.
Along with the world-wide enthusiasm in Mars aeronomy and
space physics, the planetary science community in China, specific-
ally focused on such a field, is also growing rapidly. In the near fu-
ture, when China launches her first Mars orbiter and rover in 2020
(Wei Y et al., 2018), that growth will continue and will be exped-
ited.

This special issue was open to the wide planetary science com-
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munity across the country and has resulted in the inclusion of el-
even papers, of which nine are dedicated to Mars and the remain-
ing two dedicated to Venus, another important terrestrial planet
in the Solar System with many similarities to Mars in terms of its
neutral and plasma environment.

2. The Martian Upper Atmosphere and lonosphere

Mars contains a thick CO, atmosphere that also contains such oth-
er species as O, N,, CO, and H, (Mahaffy et al., 2015). The Martian
upper atmosphere is ionized by solar Extreme Ultraviolet (EUV)
and X-ray photons on the dayside (Withers, 2009), leading to the
formation of a substantial ionosphere composed mainly of O,*,
CO,*, and O* (Benna et al,, 2015). The nightside Martian iono-
sphere is patchy and sporadic, generally thought to be produced
by either SW electron precipitation or day-to-night plasma trans-
port (Withers et al., 2012). Several studies in this issue are dedic-
ated to the characteristics of the Martian upper atmosphere and
ionosphere in various aspects.

The exobase is traditionally defined as the upper boundary of a
planetary atmosphere (Johnson et al., 2008). In their study, Fu MH
et al. (2020) use the Neutral Gas and lon Mass Spectrometer
(NGIMS) measurements of atmospheric N, to derive Martian exo-
base altitudes during a large number of MAVEN orbits. Their ana-
lysis reveals interesting variations of the exobase altitude that are
indicative of thermal expansion of the Martian upper atmosphere,
driven either externally by solar EUV energy deposition or intern-
ally by global dust storms.

In addition to the well-known existence of O* in the Martian iono-
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sphere, observation of doubly charged O+ was also reported re-
cently (Benna et al,, 2015). Gu H et al. (2020) identify the domin-
ant chemical production and destruction channels of O** based
on MAVEN NGIMS measurements. These authors argue that on av-
erage, production is in exact balance with destruction in the day-
side Martian ionosphere below 200 km, whereas a signature of
strong O*+ escape is suggested by the data at higher altitudes.

Photoelectrons are an important population of the Martian iono-
sphere, providing a good diagnostic of the solar EUV/X-ray radi-
ation and the ambient magnetic field topology (Coates et al.,
2011). Using MAVEN Solar Wind Electron Analyzer measurements,
Cao YT et al. (2020) propose that the pitch angle distribution
(PAD) of photoelectrons is mostly isotropic on the dayside. They
further report evidence for field-aligned, cross-terminator photo-
electron transport, indicated by highly anisotropic photoelectron
PAD present on both the dayside and nightside of the planet.

3. The Solar Wind Interaction with Mars

The SW interaction with Mars leads to the formation of an in-
duced magnetosphere, displaying a clear outer boundary charac-
terized by magnetic field enhancement and mass loading, along
with the change in plasma composition, temperature, and dens-
ity (Nagy et al., 2004; Bertucci et al., 2011). The global magnetic
field topology of the Martian magnetosphere is unique among
Solar System bodies in that it is greatly complicated by the pres-
ence of strong crustal magnetic anomalies over the southern
hemisphere of the planet (Acuna et al., 1999). Several studies in
this issue are dedicated to different aspects of the SW interaction
with Mars.

Three-dimensional magnetohydrodynamic (MHD) calculations are
a useful approach for studying the SW interaction with Mars (Ma
YJ et al,, 2002). In this issue, Li SB et al. (2020) present an example
with a multi-fluid code by incorporating a simplified photochem-
ical scheme for four ionospheric species and imposing an ideal di-
pole-like magnetic field model at the bottom boundary over the
southern hemisphere. Interesting behaviors are revealed by their
calculations, such as the hindering of ion escape on Mars by the
imposed crustal field within the magnetotail tail regions but away
from the central tail.

In terms of the SW interaction with Mars, the direct impact of SW
protons on the extended H corona is of special interest (Chaffin et
al. 2015). Xu Q et al. (2020) report a case study of such an interac-
tion during the Interplanetary Coronal Mass Ejection (ICME) event
on 7 Mars 2015 using MAVEN Solar Wind lon Analyzer (SWIA)
measurements. Their analysis reveals evidence for an enhanced H
corona upstream of the SW near Mars as a consequence of the
ICME passage, likely accompanied by elevated H escape during
the event.

A rich variety of wave phenomenon could be generated via the
SWinteraction with Mars, such as the foreshock ultralow fre-
quency (ULF) waves (Brain et al., 2002) and proton cyclotron (PC)
waves (Romanelli et al., 2016). With the aid of MAVEN Magneto-
meter (MAG) and SWIA measurements, Shan LC et al. (2020) re-
port a case study of ULF waves in the Martian foreshock, showing
characteristics consistent with the scenario of excitation by SW in-

teraction with back-streaming ions through right-hand beam in-
stability. In another study, Liu D et al. (2020), also using MAG and
SWIA measurements, identify a large number of PC wave events
from which they analyze the variations of the occurrence rate and
amplitude of PC waves with the interplanetary magnetic field
cone angle.

The impact of crustal magnetic fields on the near-Mars plasma en-
vironment could be manifested in a variety of ways (Ma YJ et al.
2002). In Wang J et al. (2020), the impact of crustal fields is invest-
igated within the context of an apparent north-south asymmetry
in proton density within the Martian magnetosheath regions, as
suggested by MAVEN SWIA data. These authors propose a simple
but reasonable interpretation of the observed asymmetry.

4. The Galactic Cosmic Ray Environment of Mars

Galactic Cosmic Rays (GCRs) are energetic charged particles omni-
present in the heliosphere with a nearly isotropic distribution and
with intensity strongly modulated by solar magnetic activity. For-
bush decreases (FDs) are depressions in the GCRs which could be
explained as interplanetary counterparts of ICMEs (Cane, 2000) or
stream interaction regions (SIRs) (Richardson, 2004). The study of
FDs has been extensively conducted on Earth and has recently
been initiated on Mars as well, thanks to measurements made by
the Radiation Assessment Detector (RAD) on board the Curiosity
rover.

Guo JN et al. (2020) present a model that is able to quantify the
amplitudes of FDs near Mars during the pass-by of an ICME/SIR,
combining both heliospheric and atmospheric modulation of the
GCR spectra. Their model results are in reasonable agreement
with Curiosity RAD data collected on the surface of Mars and
MAVEN Solar Energetic Particle data collected at high altitudes.

5. Venus Studies

Similar to Mars, Venus, too, contains a CO, dominated atmo-
sphere, an O,* dominated ionosphere, and an induced magneto-
sphere in response to the planet’s interaction with the SW (Ber-
tucci et al, 2011). These two terrestrial planets therefore share
many similarities in fundamental characteristics occurring in their
neutral and plasma environments.

The ionopause defines the upper boundary of an ionosphere
(Elphic et al., 1980). The EUV-dependence of such a boundary on
Venus remain elusive. In Han QQ et al. (2020), this dependence is
investigated by combining measurements made on board the Pi-
oneer Venus Orbiter and the Venus Express (VEx). These authors
show conclusively that the dayside ionopause altitude increases
with increasing solar EUV flux, as expected by the solar-driven
scenario for the formation of the Venusian ionosphere.

The SW interaction with Venus is characterized by intense mag-
netic turbulence, which can be either locally generated or convec-
ted from the upstream SW (Luhmann et al., 1983). With the aid of
VEx magnetic field measurements accumulated over six years,
Xiao SD et al. (2020) have thoroughly analyzed magnetic turbu-
lence near Venus in both the MHD and kinetic regimes, present-
ing their distinct characteristics and highlighting the role of mag-

Cui J et al.: Mars aeronomy and space physics



netic energy dissipation.
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