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Lunar dust is one of the most threatening problems confronting the return of human beings to the moon. In this
work we studied the spatial distribution behavior of charged lunar dust in the solar wind plasma environment in the south
polar region of the moon and considered the influence of a mini-crater using Spacecraft Plasma Interactions Software. The
distribution of dust and plasma at low solar altitude angles of 20◦ and 0◦ was studied, and the spatial density of lunar dust
was ∼ 1010.4 m−3 and ∼ 1011.5 m−3, respectively. This is because a higher surface potential will result in transportation
of small dust particles and photoelectrons can also neutralize positively charged lunar dust. The dust density in the plasma
void region created by a mini-crater with a 5 m high wall was studied. We obtained a quasi-neutral electric environment in
the plasma void region of the mini-crater, and the dust density was about a magnitude lower than that in other regions. The
dust risk to a spacesuit is much lower on the nightside than on the dayside, but there is severe charged lunar dust transport
in the region between light and shade, which is dominated by the difference in surface and plasma potential caused by
photoelectrons.
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1. Introduction

Lunar dust is a serious threat to lunar exploration.[1,2] The
size of lunar dust particles is about 30 nm to 20 µm, and more
than 95% of particles are < 2 µm.[3] Lunar dust particles are
small, sharp and insulating, and can be easily charged. They
readily adhere to surfaces of spacecraft and invade the me-
chanical structure, which affects the normal operation of space
systems. Lunar exploration during the Apollo era proved that
diffusion of lunar dust particles can give rise to visual obsta-
cles, meter reading errors, lunar dust adhesion and pollution,
surface skidding, mechanical obstruction, surface wear, ther-
mal control problems and seal failure, and can cause physio-
logical stimulation.[2] The lessons obtained from the Apollo
landing program demonstrate that the influence of lunar dust
on lunar surface exploration activities is one of the problems
that must be solved when human beings return to the moon.

Exploration of the lunar polar region is a strategic goal
for many powerful countries.[4] The south polar region of the
moon is considered to be of great significance for science and
engineering. It is characterized by low temperatures (100 K–
160 K), a complex topography (many craters and slopes) and
a low solar altitude angle, which at the south pole varies be-
tween ±1.54◦.[5]

A study by Mao et al. showed that the smaller the solar
altitude angle (0◦ and 180◦), the thicker the charged sheath
and the more likely the lunar dust floating phenomenon is to

occur.[6] A study by Alvaez et al. showed that the environmen-
tal conditions of low temperature and low solar altitude in the
lunar south polar region can make the conductivity of the lunar
soil very low.[7] When the solar altitude angle is 30◦ and the
soil conductivity of the moon meter 10−6 S/m, the potential of
the lunar surface would be 60 V, while at 10−8 S/m it would be
170 V,[8] which indicates that the very low conductivity of the
lunar soil in the south polar region would cause high potential
charging of the local lunar surface, generating large quantities
of electrostatically charged floating lunar dust.

Furthermore, the complex topography in the lunar south
polar region and the low solar altitude angle will produce a
large number of shaded areas. Farrell et al. showed that there
may be electron-rich regions in the shaded area of kilometer-
scale craters. This electron-rich environment could cause a
negative potential of magnitude –100 V, which may further
produce electrostatic repulsion of negatively charged lunar
dust under the action of the surface potential, thus forming a
harsh lunar dust environment.[9–11] In conclusion, the special
environmental characteristics in the lunar south polar region
will lead to much more severe lunar dust environment than in
the mid-latitude region.

The purpose of this paper is to work out the possible
charged lunar dust atmosphere caused by the characteristics
of the south polar region, namely, a low solar altitude angle,
low temperature (low soil conductivity) and complex topogra-
phy. We studied the dusty-plasma atmosphere near the lunar

†Corresponding author. E-mail: caiminghui@nssc.ac.cn
© 2022 Chinese Physical Society and IOP Publishing Ltd http://iopscience.iop.org/cpb　　　http://cpb.iphy.ac.cn

045201-1

http://dx.doi.org/10.1088/1674-1056/ac2e61
mailto:caiminghui@nssc.ac.cn
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn


Chin. Phys. B 31, 045201 (2022)

surface in the south polar region of the moon using Spacecraft
Plasma Interactions Software (SPIS) developed by the Euro-
pean Space Agency.[12] First, the spatial distribution of lunar
dust at different solar altitude angles was simulated, as well as
the distribution of photoelectrons, ions and electrons. Second,
we studied the spatial distribution of lunar dust, photoelec-
trons, ions and electrons in the plasma void area created by
shielding of the solar wind by a mini-crater. The mechanism
of lunar dust distribution was analyzed. Third, the migration of
lunar dust at the boundary between light and shade was stud-
ied. Finally, the probable dust risk faced by astronauts in the
south polar region was simulated using a spacesuit model.

2. Dusty plasma on the lunar surface
Dusty plasma refers to ionized gases consisting of elec-

trons, ions and charged microscopic dust particles. When im-
mersed in space plasma or exposed to sunlight, dust particles
start to collect or emit electrons and ions, thus charging the
dust particles to a floating potential. In this paper we will dis-
cuss the dusty plasma on the lunar surface under a solar wind
plasma and sunlit environment.

2.1. Dusts in solar wind plasma

The characteristics of dust in plasma can be divided into
those of isolated dusts and non-isolated dusts, distinguished
by the dust radius rd, the average dust intergrain distance a
and the Debye length λD.[13,14] λD is given as

λ
−2
D = λ

−2
Di +λ

−2
De , (1)

where λDe and λDi are the electron and ion Debye lengths
given by

λDi,e =
√

ε0kTi,e/(ni,ee2). (2)

Here ε0 is the permittivity of space, k is the Boltzmann con-
stant, Ti,e is the ion (i) and electron (e) temperature and ni,e

is the ion and electron density. Dust particles in plasma can
be dominated by the local electric field when they are charged.
When rd� λD� a, charged dust in plasma can be regarded as
an isolated dust which only interacts with plasma but not with
dust particles themselves. The dust charging process can be
modeled by the orbital motion limited (OML) theory.[15] On
the other hand, when a� λD � rd, influences between dust
particles themselves cannot be ignored. Dust particles interact
with each other and also participate in the collective behavior
of the local plasma.

Solar wind plasma is a quasi-neutral plasma which con-
sists of a high-speed stream of charged particles with a bulk ve-
locity from 200 km/s to 800 km/s. It is an anisotropic plasma
that changes with solar incidence angle. On the lunar surface,
the Debye length of the solar wind and photoelectrons is about
10 m and 1 m, respectively, which indicates we should not

simplify the dusts as isolated ones. For non-isolated dusts,
the Monte Carlo collision (MCC) algorithm was used to de-
scribe the collected probability of an interacting cross section
between plasma and dust particles (see Section 3).

2.2. The motion of particles

The motion of plasma species is described by the follow-
ing equations:

ms
d𝑉s

dt
= qs(𝐸+𝑉s×𝐵)+𝐹s j, (3)

dxs

dt
= 𝑉s, (4)

where the subscript s refers to ions or electrons, 𝑉s is the ve-
locity of particle s, ms is the mass, 𝑥s is the position, qs is the
charge, 𝐸 and 𝐵 are the electric and magnetic fields, respec-
tively, and 𝐹s j is the force due to collision with other species.
The motion of a charged dust follows the same equation as the
plasma species:

md
d𝑉d

dt
= Qd(𝐸+𝑉d×𝐵)+𝐹g +𝐹c, (5)

dxd

dt
= 𝑉d, (6)

where the subscript d refers to dust, 𝐹g is the gravitational
force and 𝐹c is the collision force due to collision with neutral
and ionized particles. The dust charge Qd(t) is a function of
time and is given by

dQd

dt
= I(t), (7)

where I(t) is the total current received by the dust particle. The
electric field 𝐸 =−∇ϕ(r, t) is given by Poisson’s equation as

∇
2
ϕ(r, t) =− 1

ε0
(qini− ene +Qdnd), (8)

where ni, ne, and nd are the ion, electron and dust densities,
respectively, qi is the ion charge and Qd is the dust charge.
Equation (8) shows that the electric field which originates from
charged dusts was not ignored.[16]

3. Particle-in-cell with Monte Carlo collision
method
The simulation volume was divided into mathematical

meshes and nodes which overlay all particles in the simulation
volume; this is known as the particle-in-cell (PIC) method.
Instead of simulating all particles in the simulation volume,
the PIC method uses superparticles which represent many par-
ticles with their charge and weight deposited on the nearby
nodes. The interaction between plasma and dust particles is
simulated via the MCC algorithm, and the multi-step MCC al-
gorithm proposed by Gatsonis et al. was employed to describe
different collision frequencies of dust particles, as they can
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vary with size and charge.[17]

The computational sequence of PIC-MCC is shown in the
following.[16]

Weighting

Start

Collision and charging
     (Monte Carlo)

Calculate field

Weighting

Calculate motion of particles

End

if t/tmax

if t < tmax

t/t⇁Dt

Fs,d → (X↪V )s,d

(E↪B)s,d → Fs,d

(ρ↪J )s,d → (E↪B)s,d

(X↪V )s,d → (ρ↪J )s,d

Vd → Vd
′

An additional ‘collision and charging’ step was inserted
to check for possible collisions between plasma particles and
dust particles. When a collision event occurs, a number of
plasma particles will be removed from the simulation and their
charges assigned to the corresponding dust particle. This is
based on the assumption that all collisions are of the absorp-
tion type where the colliding plasma particles stick to the dust
surface.

The collision possibility is described by the absorption
collision frequency νd,

νd = nsσsνrel, (9)

where ns is the local density of the plasma species in the par-
ticular cell, σs is the absorption cross section and νrel is the
relative velocity between plasma species and dust particles.
The dust collision cross section σd is calculated by

σd = πr2
d

(
1− ∆Φ

1/2ms |vs|2 /qs

)
, (10)

where rd is the dust radius, ∆Φ is the potential difference be-
tween the dust particle and local plasma, ms and vs are the
mass and velocity of ions or electrons, respectively, and qs is
the charge of ions or electrons. In the following simulations,
rd� a is assumed, and

∆Φ =
Qd(t)

4πε0rd
. (11)

The calculating cycle will keep repeating for a specific time
period.

4. Simulation model
In this paper, interaction of the lunar surface with solar

wind plasma was simulated using SPIS-DUST, which includes
an ambient environment model, surface charging, dust injec-
tion from the lunar surface, dust charging and dust dynamics.
Simulation models are shown in Figs. 1 and 2. We will discuss
two typical environmental situations. In the first situation, de-
scribed in Fig. 1, the distribution of lunar dusts, ions and elec-
trons, as well as the lunar surface potential were simulated
with solar altitude angles of 20◦ and 0◦. In the second situ-
ation, described in Fig. 2, an environment of lunar dusts and
plasma, as well as lunar surface potential and volume poten-
tial, were considered in the nightside of a 5 m high mini-crater
with a solar altitude angle of 20◦. We also consider an astro-
naut standing on the moon in these two situations and discuss
the dust risk to the spacesuit.

Lunar surface

Boundary 2Boundary 3

Boundary 4

Boundary 5

Boundary 1

X

Y

Z

20Ο

0Ο

20 m

2 m

30 m

Fig. 1. Simulation model 1.

50 m

2 m

30 m

Mini crater

Lunar dust surface 5 m

20Ο

Boundary 3

Boundary 4

Boundary 5

Boundary 1 Boundary 2

Fig. 2. Simulation model 2; the crater is 5 m high.

4.1. Simulation domain

The simulation domain cannot cover the moon entirely.
We adopt a ‘box’ to simulate the infinite lunar surface and
no current divergence should exist across the side bound-
aries. Thus, lateral boundaries should be set as either reflect-
ing or periodic to ensure physical rationality.[18] The simu-
lation boxes are shown in Figs. 1 and 2. They were set as
20 m×2 m×30 m and 50 m×2 m×30 m, respectively. The
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reflecting boundaries return the particles to the simulation box,
but the perpendicular component of the particle velocity is re-
versed. The periodic boundaries return the particles to the sim-
ulation box so that if a particle reaches the outer boundary it
will be moved to the opposite boundary, keeping the velocity
unchanged. The boundary conditions were therefore set as pe-
riodic for boundaries 1 and 2, which were passed through by
the solar wind, and reflective for boundaries 3 and 4, which
were parallel to the solar wind. Boundary 5 was set as an open
boundary and the lunar surface was set as an absorbing bound-
ary.

The meshing algorithm was set as Delaunay for two-
dimensional surfaces and three-dimensional volume. An un-
even mesh size was adopted, and 0.4 m was set at the surface
and 2 m at the upper boundary.

4.2. Global parameters

The parameters of plasma and lunar dust surface which
come from slow solar wind conditions are shown in Table 1 as
recommended in SPIS documentation.[12]

Table 1. Global parameters.

Parameter Value

Density of ions 107 m−3

Density of electrons 107 m−3

Velocity of ions 430 km/s
Velocity of electrons 430 km/s
Temperature of ions 10 eV

Temperature of electrons 10 eV
Temperature of photoelectrons 2 eV

Density of lunar dust 1000 kg/m3

Density of lunar dust grain 3000 kg/m3

Conductivity of lunar soil 10−14 S/m

The default dust size distribution is from 1.91× 10−9 m
to 3.2× 10−2 m radius, referred to as sample 71501,1 Mare,
with mean grain sizes mostly between 45 µm and 100 µm.[19]

In this simulation, solar wind plasma was injected from
boundary 5 (open boundary). Solar wind plasma passed
through boundary 5 and was absorbed by the lunar dust surface
which was set as an absorbing boundary. Solar wind plasma
was absorbed and photoelectrons as well as dust particles were
emitted by the lunar dust surface. The dusty lunar surface
emits dust according to the force balance between all forces
acting on the dust. On the lunar surface, the energy distribu-
tion function of the photoelectron is Maxwellian by default,
with a temperature of 2 eV. Other dusty plasma conditions are
default in SPIS.

5. Results and discussion
On the lunar surface, λD is about 1 m due to photoelec-

trons and about 10 m in the solar wind. Under such a large λD

it is obvious that the collective behavior of dust particles, such

as dust density, should be more representative. In this section,
we will discuss the density distribution of dust and plasma near
the lunar surface in the south polar environment. The solar al-
titude angle was set as 20◦ and 0◦, values which would be
representative of the local environment.[5] The distribution of
dusts and plasma in the nightside of a mini-crater caused by
shielding of solar wind by craters or rocks was considered. As
recommended in the SPIS user manual,[12] a simulation dura-
tion of 3000 s was set. The distribution and transport mecha-
nism of dusts near the lunar surface is discussed.

5.1. Distribution of dusts and plasma near the lunar sur-
face in the south polar environment for a solar altitude
angle of 20◦

The distribution of charged lunar dusts near the lunar sur-
face with a solar altitude angle of 20◦ is shown in Fig. 3. As
can be seen in the figure, different colors represent different
dust densities (logarithmic scale). The spatial density of lu-
nar dust is 109.15 m−3–1010.4 m−3 near the lunar surface (at a
height of about 1 m above the surface). At heights over 1 m
from the surface, most of the region is green, which represents
a lunar dust density of about 107.91 m−3.

Dust

20Ο

Sun

10 m

20 m

30 m 10.4

9.15

7.91

6.68

5.44

Fig. 3. Distribution of charged lunar dust for a solar altitude angle of 20◦.

The spatial distribution of charged lunar dust depends on
the local plasma environment, i.e., the distribution of photo-
electrons, ions and electrons from the solar wind and light.

The photoelectric effect is the main mechanism of lunar
charging on the dayside of the moon. The lunar soil emits pho-
toelectrons under sunlight and is positively charged. During
the simulation, the lunar surface remained positively charged.
At the end of the simulation, the potential of the lunar surface
was 17.5 V.
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The distribution of photoelectrons, ions and electrons
near the lunar surface (0 m–30 m above the surface) is pre-
sented in Figs. 4(a)–4(c). It should be pointed out that the pe-
riodic boundary condition caused nonuniformity of particles
at the periodic boundaries, so here and later we focus on the
results in the middle region of the lunar surface model. As
shown in Fig. 4(a), there is a photoelectron sheath within a
height of about 1 m from the surface and the density of photo-
electrons is 106.95 m−3–107.45 m−3. The photoelectron density
decreases with height. Beyond the photoelectron sheath, the
photoelectron density is 105.96 m−3–106.46 m−3. The distribu-
tion of ions is presented in Fig. 4(b). The ions near the lunar
surface are repelled as the lunar surface is positively charged.
The density of ions is 102.24 m−3–107.47 m−3 in the upper re-
gion from 18 m–30 m. The electrons can reach the positively
charged lunar surface under a Coulomb force and their density
is 105.54 m−3–106.59 m−3.

(a) Photoelectrons (b) Ions (c) Electrons

20Ο

Sun

10 m 10 m 10 m

20 m

30 m

20 m

30 m

20 m

30 m7.45

6.95

6.46

5.96

5.47

7.47

6.59

4.85

2.24

-0.382

-3.00

6.24

5.89

5.54

5.19

Fig. 4. Distribution of (a) photoelectrons, (b) ions, (c) electrons; solar altitude
angle = 20◦.

5.2. Distribution of dusts and plasma near the lunar sur-
face in the south polar environment or a solar altitude
angle of 0◦

The distribution of charged lunar dust near the lunar sur-
face for a solar altitude angle is 0◦ is shown in Fig. 5. The
spatial density of lunar dust is 1010.9 m−3–1011.5 m−3 near the
lunar surface for heights of –1 m above the surface. In regions
above 1 m, the lunar dust density is 108.9 m−3–1010.2 m−3.
The lunar dust density is at least an order of magnitude higher
than that presented in Fig. 3 where the solar altitude angle is
20◦.

The spatial distribution of charged lunar dust is decided
by the local plasma environment. For a solar altitude angle of
0◦ there is no photoelectron emission, as presented in Fig. 6(a).
The photoemission mechanism is the crucial factor for the for-
mation of lunar surface potential. When the solar altitude an-
gle at the lunar surface is 0◦ a high potential will not occur,
which also means a weak electric field there. After the simu-
lation reaches equilibrium, the potential of the lunar surface is
about 0.1 V. As shown in Figs. 6(b) and 6(c), the plasma envi-
ronment is almost quasi-neutral when the solar altitude angle

is 0◦, with electrons being slightly attracted and ions repelled
by the 0.1 V lunar surface.

Dust

0Ο

Sun

10 m

20 m

30 m 11.5

10.9

10.2

9.56

8.90

Fig. 5. Distribution of charged lunar dust for a solar altitude angle of 0◦.

(b) Electrons (c) Ions(a) Photoelectrons

0Ο
Sun

10 m

20 m

30 m

10 m

20 m

30 m

10 m

20 m

30 m

0

0

0

0

0

6.77

6.70

6.62

6.54

6.47

6.47

6.94

6.69

6.44

6.19

5.93

Fig. 6. Distribution of (a) photoelectrons, (b) ions and (c) electrons for a solar
altitude angle of 0◦.

Comparing Subsections 5.1 and 5.2, the difference in the
lunar dust density near the lunar surface is caused by the fol-
lowing two factors. Firstly, charged lunar dust which can
be lifted up from lunar surface is made up of really small
particles from nanometers to micrometers in diameter. As-
suming a 20 nm diameter dust particle with a single charge
Q = 1.6× 10−19 C, the gravity is about 1.3× 10−8g, which
means an electric field of about 0.1 V/m would be able to drag
it away. For a solar altitude angle of 20◦, there is a stronger
electric field than in the 0◦ situation, so it is much easier for
the charged dust particles to attain a high acceleration velocity
and be driven away by column force. However, in the 0◦ situ-
ation, the surface potential is much lower, which means there
will be less transportation by electric force. This is one reason
for the order of magnitude difference in dust density shown
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in Figs. 3 and 5. Secondly, photoelectrons can neutralize pos-
itively charged lunar dust, but this neutralization mechanism
hardly exists when the solar altitude angle is 0◦, thus causing
a density difference for charged lunar dust.

5.3. Influences of topography: distribution of dusts and
plasma in the plasma void of a mini-crater

The distribution of charged lunar dust around a 5 m high
mini-crater is displayed in Fig. 7. The density of charged lunar
dust in the plasma void of this mini-crater is almost an order
of magnitude lower than in other regions, about 106.55 m−3

in the nightside region compared with 107.78 m−3 in the other
part. This might be due to the charging environment in the
nightside of the mini-crater. To make this clearer, we will dis-
cuss the plasma and electronic environment and figure out the
physical mechanism of dust distribution.

(b) Electrons (c) Ions(a) Photoelectrons

0Ο
Sun

10 m

20 m

30 m

10 m

20 m

30 m

10 m

20 m

30 m

0

0

0

0

0

6.77

6.70

6.62

6.54

6.47

6.47

6.94

6.69

6.44

6.19

5.93

Dust

20Ο

Sun

10.2

9.02

7.78

6.55

5.31

10 m

20 m

30 m

(b)

Fig. 7. Distribution of charged lunar dust; the crater wall is 5 m high and the
solar altitude angle is 20◦.

(c) Electrons 

(b) Ions

(a) Photoelectrons 

20Ο
Sun

10 m

20 m

30 m

20Ο
Sun

10 m

20 m

30 m

20Ο
Sun

10 m

20 m

30 m

7.78

5.08

2.39

-0.305

-3.00

7.11

6.71

6.31

5.91

5.52

6.80

6.26

5.71

5.17

4.63

Fig. 8. Distribution of (a) photoelectrons, (b) ions and (c) electrons; the crater
wall is 5 m high and the solar altitude angle is 20◦.

The plasma environment is shown in Figs. 8(a)–8(c). The
distribution of photoelectrons in Fig. 8(a) presents an obvious

density difference at the boundary between light and shade.
The photoelectron density in the light region is ∼ 107.78 m−3

and ∼ 105.08 m−3 in the shade. The density distributions
of ions and electrons displayed in Figs. 8(b) and 8(c) are
105.52 m−3–107.11 m−3 and 104.63 m−3–106.80 m−3, respec-
tively.

The distribution of ions suggested that ions can reach the
plasma void region of a 5 m high mini-crater, unlike kilometer-
scale craters.[9] This is because the 5 m height cannot prevent
the solar wind ions with a thermal temperature of 10 eV from
reaching the nightside of the crater. However, the existence of
mini-crater does produce a special plasma environment in the
shaded region. In the nightside of the mini-crater, there is no
photoemission. Thus, the plasma environment is formed only
by ions and electrons from the solar wind which do not have
the component of solar wind velocity, and the potential of the
lunar surface in this region is decided only by the thermal ve-
locity of ions and electrons. Thus, the surface potential of the
shaded region is about 3.78 V while it is 23 V–80.6 V in the
light region, as shown in Fig. 9.

Surface potential 80.6

61.4

42.2

23.0

3.78

Fig. 9. Distribution of surface potential; the crater wall is 5 m high and the
solar altitude angle is 20◦.

(b) Dust number flux

(a) Plasma potential

20O

Sun

80.6

60.8

41.0

21.2

1.37

8.52Τ1010

6.39Τ1010

4.26Τ1010

2.13Τ1010

5.97Τ107

Fig. 10. Distribution of (a) plasma potential in volume and (b) dust number
flux on the surface; the crater wall is 5 m high and the solar altitude angle is
20◦.

The plasma potential is mostly decided by the surface
potential and the photoelectrons, as shown in Fig. 10(a). In
the light regions, the plasma potential near the lunar surface
is about 41 V–60.8 V (green and yellow) while at the night-
side of the mini-crater it is about 1.37 V. This will lead to a
large potential difference at the boundaries between light and

045201-6



Chin. Phys. B 31, 045201 (2022)

shade. Figure 10(b) presents the dust number flux on the lunar
surface. There is a high of dust flux at the boundary between
light and shade of about 3×1010 m−2·s−1, demonstrating high
transport of charged lunar dust at the boundary. On the other
hand, figure 10(b) shows that in the nightside region of this
crater, the dust number flux is almost three orders of magni-
tude smaller than in other regions, which means dust levitation
activity there is much reduced.

As has been discussed above, the nightside of the 5 m
high mini-crater has a quasi-neutral plasma environment that
might be a better place for astronauts to shelter from severe
dust environments. We built a model of a spacesuit on the
plasma void of the mini-crater, as shown in Fig. 11. The space-
suit is made of gold (face window), steel (neck ring and chest)
and Teflon (arms, legs and life support system).[2]

20Ο

EMU

Mini crater

Fig. 11. Spacesuit in the nightside; the crater wall is 5 m high and the solar
altitude angle is 20◦.

The distribution of lunar dust on a spacesuit in the night-
side of the mini-crater is presented in Fig. 12(a). To make
a comparison, the distribution of lunar dust on a spacesuit
in the light region with a solar altitude angle of 20◦ is pre-
sented in Fig. 12(b). It is obvious that the risk of dust on the
spacesuit is much lower in the nightside than in the light re-
gion. The dust density is ∼ 1010.5 m−3 in Fig. 12(a) while it is
∼ 1012.5 m−3 in Fig. 12(b) and the dust covered area is much
smaller in Fig. 12(a) (the blue color represents a dust density
of 10−3 m−3).

(a) (b)

10.5

7.09

3.73

0.363

-3.00

12.5

8.60

4.47

0.868

-3.00

Fig. 12. Distribution of lunar dust on a spacesuit: (a) spacesuit in the night-
side of a mini-crater; (b) spacesuit in the light. The solar altitude angle is
20◦.

6. Conclusion and perspectives
In this paper we studied the distribution of charged lu-

nar dust in the specific plasma environment in the lunar south
polar region using SPIS. The lunar south polar region has the
characteristics of low solar altitude angle and low temperature

(low soil conductivity) and has a variety of complex topogra-
phies. Three typical situations were simulated to describe the
characteristics and mechanism of the charged lunar dust envi-
ronment in the south polar region of the moon.

Firstly, the distributions of dust and plasma within 30 m
of the lunar surface for a solar altitude angle of 20◦ and 0◦ were
studied. The spatial densities of lunar dust were 107.91 m−3–
1010.4 m−3 and 108.9–1011.5 m−3, respectively. The difference
is caused by the surface potential and photoelectrons. The sur-
face potential was around 17.5 V for a solar altitude angle of
20◦ and 0.1 V for a solar altitude angle of 0◦; a higher surface
potential will result in transportation of small dusts. Photo-
electrons can also neutralize positively charged dusts.

Secondly, we studied the distribution of dust and plasma
in the plasma void of a 5 m high mini-crater for a solar alti-
tude angle was 20◦. We obtained a quasi-neutral electric en-
vironment in the plasma void region of the mini-crater. This
is because the solar wind velocity of ions and electrons was
resisted by the 5 m high wall of the mini-crater, but the so-
lar wind plasma can still be affected by the electric field from
the nightside of the mini-crater as the Debye length of the solar
wind is 10 m. Besides, the dust number flux is almost three or-
ders of magnitude smaller in the nightside region of the crater
than in other regions, and causes the dust density there to be
an order of magnitude lower in than other regions. There is
very high transportation of charged lunar dust in the boundary
between light and shade, which is dominated by the difference
in surface and plasma potential caused by photoemission.

Finally, we built a model of a spacesuit in the nightside of
the mini-crater and compared the lunar dust on the spacesuit
in the nightside (plasma void) and dayside (solar altitude angle
20◦). The dust density on spacesuit was ∼ 1010.5 m−3 on the
nightside and ∼ 1012.5 m−3 on the dayside, and it is obvious
that the dust risk is much lower in the nightside than in the
dayside.
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