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Plasma Particle Simulations on the Unconventional Surface Charging Associated
with Lunar Surface Irregularities
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On the surface of a solid celestial body with a thin atmosphere, such as the Moon, space plasma such as solar wind and
sunlight fall directly on the surface, creating an electrostatic environment near the surface along with the accumulation of
electric charge on the celestial body surface due to colliding plasma and the generation of photoelectrons by the photoelectric
effect. Orbital observations by lunar explorers have suggested that the lunar diurnal surface is positively charged. In general,
space plasma has the ability to negatively charge solid surfaces, and it has been believed that electron emission processes
such as the photoelectric effect are essential to maintain the lunar surface at a positive floating potential. On the other hand,
the lunar surface has various spatial-scale irregularities ranging from topographic features such as craters, vertical holes, and
boulders to rock and regolith layers. Several simulation results have shown that these irregularities limit free plasma motion in
space and create a specific electrostatic environment depending on the surface topography. Similar to these topographic-scale
surface features, microcavities formed by rocks and regolith particles at smaller scales are also interesting targets in terms of
mass transport by electrostatic energy. At such spatial scales, the inadequate ability of Debye shielding generates a stronger
electrostatic field, which is considered to be one of the key factors in the mobilization and suspension of charged regolith
particles.

In this study, a simulation was conducted assuming a situation in which solar wind plasma pours down from the sky onto
the lunar surface, which has a cavity of equal or smaller size than the Debye length, and the effects of the stenosis and
expansion of the cavity interior on the electrostatic environment, including variations in the electric potential distribution and
charged particle flux distribution, were analyzed. As a result, it was found that the solar wind plasma flow forms a positive
potential in a simple rectangular cavity and can positively charge the cavity up to several hundred volts, which is equivalent
to the kinetic energy of ion particles, as the width-depth ratio of the cavity increases. The present study was conducted to
quantitatively evaluate the effect of a more detailed cavity geometry that takes into account the curvature of the cavity interior
on the charging process.

In this presentation, we will mainly report on the changes in the electrostatic environment due to the cavity interior geometry
and the formation of a current path for the relaxation of the cavity interior potential by photoelectrons generated by the
photoelectric effect, which were obtained from the above simulation results. After that, we will report on the future prospects
of this study, including the applicability of the results of this study to a small spatial scale model of the Moon and the
numerical method that we are currently working on in order to perform simulation analysis for the small model.
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