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Numerical Simulations of Potential and Electric Field Measurements near the Lu-
nar Surface
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In recent years, exemplified by NASA’s Artemis program, plans for the utilization of the lunar surface have been advancing.
Once realized, such utilization is expected to serve as a base for deep space exploration as well as a new domain for human
activity. However, since the Moon lacks both an atmosphere and a global intrinsic magnetic field, charging phenomena arise
through interactions between the lunar surface and space plasma. Lunar surface charging is governed by the balance between
the inflow of solar wind and magnetospheric plasma, and the photoelectron emission induced by solar illumination. It is con-
sidered to occur across various spatial scales, from the global scale, down to local topographic features, and even at the level
of individual regolith grains. The electrostatic forces associated with surface charging may cause fine dust particles within
the regolith to be lofted. Indeed, during the Apollo program, lunar dust was reported to damage spacesuits and equipment,
and to have adverse effects on human health. Therefore, prior to the practical utilization of the Moon, understanding the
potential and electric field structures near the lunar surface induced by surface charging is essential. At present, however, no
reliable measurement techniques have been established. The purpose of this study is to devise a method for measuring the
near-surface potential and electric field structures caused by lunar surface charging, through computer simulations.

For this study, we employed the three-dimensional PIC simulation code EMSES, which can resolve the charging of ob-
jects in plasma, to reproduce the lunar environment under various plasma conditions. In EMSES, diverse situations can be
modeled by specifying plasma parameters such as temperature and density, as well as by defining internal boundaries rep-
resenting the lunar surface and conducting bodies. As a basic setup, we assumed a solar wind plasma environment without
introducing magnetic fields or photoelectrons. Within this setup, we placed the lunar surface, a large conductor situated on
it, and a small conductor above it representing a probe. By sweeping the probe voltage with respect to the potential of the
large conductor taken as a reference, we obtained current — voltage (I — V) characteristics and analyzed them to evaluate
the plasma potential. Conventionally, plasma potential is determined from probe I - V characteristics through differential or
logarithmic methods, by identifying the intersection between the saturation and transition regions. However, in the present
simulations, this approach did not allow for sufficient determination. Therefore, we examined an alternative method in which
a bias current was applied to the probe in order to bring its floating potential closer to the plasma potential, thereby enabling
estimation of the latter.

Furthermore, in actual deployment of measurement instruments on the lunar surface, multiple options exist for their con-
figuration. In this presentation, we report on the effects of different configurations as revealed by the simulations, and on the
resulting considerations for plasma potential measurement methods.
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