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Fig. 1. Mesh division diagram of the simulation area.
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Fig. 2. Changes in current during simulation.
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Fig. 3. Logarithmic distribution of charge amount of lunar

dust particles (lunar south pole environment, unit: C).
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Fig. 4. Logarithmic distribution of lunar dust spatial dens-

ity (lunar south pole environment, unit: m?).
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Abstract

Unlike the Earth, the Moon lacks is not protected from the atmosphere and global magnetic field, and will
be directly exposed to complex radiation environments such as high-energy cosmic rays, solar wind, and the
Earth’s magnetotail plasma. The surface of the Moon is covered with a thick layer of lunar soil, and the
particles in the soil with a diameter between 30 nm—20 um are called lunar dust. In the complex environments
such as solar wind or magnetotail plasma, lunar dust carries an electric charge and becomes charged lunar dust.
Charged lunar dust is prone to migration under the action of the electric field on the lunar surface. Charged
migrated lunar dust is easy to adhere to the surface of instruments and equipment, resulting in visual
impairment, astronauts’ movement disorders, equipment mechanical blockage, sealing failure, and material
wear, which affects the lunar exploration mission. As an important lunar exploration landing site, the lunar
south pole receives special solar radiation and produces a special dust plasma environment due to its special
location. In order to provide an environmental reference for lunar south pole exploration, it is necessary to
explore the characteristics of the dust plasma environment in the lunar south pole and its impact. In view of the
lunar south pole environment, The Spacecraft Plasma Interactions Software (SPIS) software developed by the
European Space Agency is used to carry out modelling and simulation in this work. Through the simulation, the
logarithmic distribution of the lunar dust space density in a range of 0-200 m at the lunar south pole, the
potential distribution near the lunar surface, and the spatial distribution characteristics of plasma electrons and
ions are obtained. The obtained lunar dust space density and lunar surface potential are similar to the previous
theoretical derivation and field detection data, so the simulation results have high reliability. The spatial
potential distribution and the spatial density distribution of electrons and ions in the lunar environment with
and without lunar dust are compared. Finally, the conclusions can be drawn as follows. The space potential
increases with altitude increasing. The potential at 0—10 m near the lunar south pole is about —40 V, and the
space potential at 100 m is about —20 V. The density of lunar dust in an altitude range below 10 m is 10722 m 3~
10496 m3. The electron density in the dust plasma near the lunar surface is 10°4” m3, and the ion density is
10697 m 3, and both increase with altitude increasing. Charged lunar dust affects the spatial distribution of lunar
dust, mainly through affecting the distribution of the space electric field, which leads to difference in electron
distribution, but has little effect on ions.

Keywords: lunar south pole, dust plasma environment, SPIS simulation, lunar surface potential distribution

PACS: 52.65.—y, 52.65.Rr DOI: 10.7498/aps.73.20240599

* Project supported by the Young Scientists Fund of the National Natural Science Foundation of China (Grant No. 42204175).
# These authors contributed equally.

1 Corresponding author. E-mail: caiminghui@nssc.ac.cn

155201-8


http://doi.org/10.7498/aps.73.20240599
mailto:caiminghui@nssc.ac.cn
mailto:caiminghui@nssc.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

AR BRIRERE TSR

EHNz BE RE WA FRE RAES S

e

Characteristics of dust plasma environment at lunar south pole

Li Meng-Yao XiaQing Cai Ming-Hui Yang Tao  Xu Liang-Liang Jia Xin-Yu

5] Fi{5 B Citation: Acta Physica Sinica, 73, 155201 (2024) DOI: 10.7498/aps.73.20240599
TEZE[R]1E View online: https:/doi.org/10.7498/aps.73.20240599
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

Z I RGBT AR LA AR P I AL R R AIE
Propagating characteristics of nonlinear dust acoustic solitary waves in multicomponent dusty plasma

WAL 2023, 72(3): 035201 hitps://doi.org/10.7498/aps.72.20221843

ARG TR (2 + DA IR P RS

Propagation characteristics of (2 + 1) dimensional dust acoustic solitary waves in hot dusty plasma

PrPReEd. 2022, 71(9): 095203 https://doi.org/10.7498/aps.71.20210902

PR R BE A B TP AR BRABURL 25 (8] 73413 (9 — 2 (AL

Han Jian-Wei

Two—dimensional fluid simulation of spatial distribution of dust particles in a capacitively coupled silane plasma

YIBR2EA. 2023, 72(16): 165202  htips://doi.org/10.7498/aps.72.20230686

T Fokker—Planck—Landauhlf fE AR 75 ) 3 1557 A 152 45 B -0 H AR B ek

Scattering characteristics of non—uniform dusty plasma targets based on Fokker—Planck—Landau collision model

PyFEEEAR. 2023, 72(6): 060201  https:/doi.ore/10.7498/aps.72.20222113

AR T IR 1 B 1 B R AR B AR AR LM AR IR P U R AR R

Propagation characteristics of nonlinear dust acoustic solitary waves in complex plasma with nonthermal electrons and trapped ions

WIFRZEAR. 2024, 73(7): 075201  https://doi.org/10.7498/aps.73.20231967

HBRY 5

Lunar glass

YIBR2A 4. 2023, 72(23): 236101  hitps:/doi.org/10.7498/aps.72.20231238


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240599
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20221843
https://doi.org/10.7498/aps.71.20210902
https://doi.org/10.7498/aps.72.20230686
https://doi.org/10.7498/aps.72.20222113
https://doi.org/10.7498/aps.73.20231967
https://doi.org/10.7498/aps.72.20231238

	1 引　言
	2 模拟方法
	2.1 物理模型
	2.2 仿真模型
	2.3 环境参数

	3 仿真结果与讨论
	3.1 月球南极带电月尘空间分布特征
	3.2 月面尘埃等离子体空间分布特征
	3.3 带电月尘的空间电荷效应

	4 结　论
	参考文献

