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Ion scattering by localized surface charging of solar wind plasma-driven lunar
microcavities
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Space plasma such as solar wind plasma and sunlight directly fall on the surface of solid celestial bodies such as the Moon,
which have a thin atmosphere and no intrinsic magnetic field, creating an electrostatic environment near the surface with
the accumulation of electric charge on the celestial body surface due to colliding plasma and photoelectron generation by
the photoelectric effect. Orbital observations by lunar explorers have suggested that the lunar dayside 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 cavities ranging from topographic features such as craters,
vertical holes, and boulders to rock and regolith layers. Several simulation results have shown that these cavities restrict free
plasma motion in space and create a unique electrostatic environment due to the surface topography.

We have conducted simulations of a cavity with an aperture equal to or smaller than the Debye length on the lunar surface,
with solar wind plasma pouring down from the sky. We 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 solar wind ion particles, as the width-depth ratio of the cavity increases. This result suggests the formation
of localized positive potentials in microcavities formed by the deposition of rocks and regolith particles on the diurnal lunar
surface where solar wind plasma is blown. The KAGUYA satellite observations also suggest that some solar wind ions are
reflected and scattered by the lunar surface on the diurnal side of the Moon. It has been reported that most of these scattered
ions are composed of protons. We report here on the relationship between the solar wind ions reflected by the local positive
potential inside the microcavity and the scattered ions observed by the satellite.
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