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Particle Simulation of Electrostatic Plasma Environment in Permanently Shad-
owed Regions of the Moon with Localized Magnetic Fields
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In airless planetary bodies such as the Moon, the solar wind plasma precipitates directly onto the surface. The plasma
charge deposition on the surface and the photo-emitted electron current determine the dayside, near-surface electrostatic en-
vironment. Although the Moon has no global intrinsic magnetic field like the Earth, it is widely known that there are locally
magnetized crusts (magnetic anomaly). This region is suggested to have distinctive plasma environments and electric field
structures. In particular, it is speculated that water ice exists stably for long periods of time in permanently shadowed regions
with magnetic anomalies, but the detailed mechanism is not yet clear. Elucidating the preservation mechanism is important
for future exploration missions and resource utilization. However, direct observational data is currently limited to upper alti-
tudes, and there is a lack of information on the plasma and electromagnetic environment at lower altitudes.

The present numerical study considers a situation in which a permanent shadow is formed by solar wind plasma pouring
down at an angle close to parallel with a depression containing a small dipole magnetic field in the ground. Using the PIC
(Particle-In-Cell) method, we conducted a three-dimensional plasma particle simulation and analysed the electrostatic envi-
ronment and plasma dynamics near the permanent shadow region with a localized magnetic field.

Consequently, in terms of potential and density distribution, it was demonstrated that, in a magnetic dipole moment con-
figuration parallel to the lunar surface, a high-potential region forms at the center of the field and a potential difference
occurs between the up- and down-stream sides of the solar wind. Meanwhile, in a magnetic dipole moment configuration
perpendicular to the lunar surface, a potential gradient was confirmed to be formed within the magnetized region and in the
vertical direction of the solar wind velocity vector. Additionally, it was shown that small-scale magnetic fields can influence
electron motion within permanently shadowed terrain, resulting in electron penetration. Through analyzing current density
and particle trajectories, it was confirmed that electron gyro motions as well as electron reflection and penetration regulated
by magnetic mirrors, contribute to potential formation near magnetized regions.
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