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The atmospheric escape to space is considered to be a major cause of ancient climate change on Mars. One of the ion escape
pathways, the polar plume, is a phenomenon in which ions accelerated by the solar wind convection electric field escape from
Mars, and its importance has been pointed out in previous studies [e.g., Dong et al., 2017; Sakakura et al., 2022]. Observations
by the MAVEN spacecraft suggest that, in addition to O+, which has been considered the primary escape species, molecular
ions such as O2

+ and CO2
+ are also escaping through the polar plumes. In some cases, although CO2

+ is a minor component
in the high-altitude ionosphere, CO2

+ flux is higher than those of O+ and O2
+ in some localized regions [Sakakura et al.,

2022]. One of difficulties to simulate the polar plumes is its kinetic nature, since the pick-up ions with a ring distribution
function can contribute to the polar plumes. The global MHD simulations have been used as a powerful tool to simulate the
ion escape from Mars [e.g., Ma et al., 2014; Sakata et al., 2024]. It is known that the multi-fluid MHD simulations result in
asymmetric ion escape between +Z (+E) and -Z (-E) hemispheres in the MSE coordinates [e.g., Sakata et al., 2024], which
has the same tendency as the polar plumes. However, the polar plume description capability of the multi-fluid MHD code is
far from understood. If this capability can be understood, it will become easier to understand planetary atmospheric escape
in a wider parameter space, including exoplanets. The objective of this study is to determine how well plume events can be
described by the global multi-fluid MHD simulations.

In this study, we applied the global multi-fluid MHD model, MAESTRO, to the CO2
+-rich polar plume event observed

by MAVEN on August 27 and 28, 2015, which was reported in details by Sakakura et al. [2022]. MAESTRO takes into
acount the production and loss processes due to chemical reactions, and can reproduce interaction between the solar wind and
Martian atmosphere/crustal magnetic fields, including plasma boundaries, ionospheric profiles, and ion escape. MAESTRO
separately solves ion and electron pressures, and photoelectron heating is also considered with a heating effect of 5 eV per
photoelectron. In the simulation settings of this study, the solar wind conditions used in Sakakura et al. [2022] for the CO2

+-
rich polar plume event were used as inputs to MAESTRO: the solar wind density, velocity, and interplanetary magnetic field
(IMF) were set to 10 cm−3, 350 km/s, and 5.0× (cos 55°, sin 55°, 0), respectively. We conducted multi-species (MS) and
multi-fluid (MF) MHD simulations with MAESTRO for comparison. The MS results were similar to those shown in Sakakura
et al. 2022, while MF results show clear asymmetry between +E and -E hemispheres as expected. Comparison between MS
and MF results show that characteristic structures such as current sheet and magnetic pile-up boundaries tend to be more
smoothed in MF than in MS. The dayside boundary of the molecular ion polar plumes region in MF, the smallest SZA (solar
zenith angle) in the density and flux enhancements of CO2

+ and O2
+, was similar to the observation by MAVEN, while the

nightside structure was different with more continuous enhancements of the molecular ion densities in the simulations than
the observation. We also report on the comparison of the MF results with the plume distributions obtained from statistical
trajectory tracings of molecular ions in the electromagnetic fields obtained from the MHD simulations.
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