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Abstract 
 Due to interactions with the solar wind and solar ultraviolet radiation, 

the lunar surface develops a complex plasma environment, especially 

around geological features like craters. Various phenomena have been 

observed in this dusty plasma environment including dust levitation and 

horizontal dust transport [1,2,3].  Observations of such phenomena have 

been recorded by the Surveyor 5, 6 and 7 cameras that show a ‘Horizon 

Glow’. This glow has been explained by forward-scattered light off of lofted 

dust particles. Dust levitation and transport could also result in dust 

ponding, as has been observed on asteroid 433 Eros [4,5,6]. To understand 

these phenomena, the lunar plasma environment is modeled from dusk to 

dawn with a three-dimensional particle-in-cell (PIC) code and charged dust 

dynamics within this plasma environments are modeled via a test-particle 

approach. 

Motivation 

 Apollo-era observations have suggested the possibility of 

electrostatically levitated dust grains above the lunar surface. These 

observations include measurements by the Lunar Ejecta and Meteorites 

experiment [1], shown in Figure 1, and Surveyor images of lunar Horizon 

Glow [2], shown in Figure 2. The LEAM results were interpreted as highly-

charged, slowly-moving dust grains that were electrostatically transported 

across the lunar surface and the Surveyor images were explained as 

forward-scattered sunlight by lofted dust particles. Additionally, previous 

work has suggested that unique topographies, shown in Figure 3, could 

create very complex plasma and electric field structures that could be the 

source of interesting dust dynamics.  
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Figure 1: LEAM 

Observations [1]  

Figure 2: Surveyor image of 

lunar Horizon Glow [2]   

Figure 3: The role of topography on the 

lunar surface [7]  

Results 

Plasma Environment 

To model the plasma a three-

dimensional PIC code was ran 

using the commercial VORPAL© 

code. The plasma was modeled 

with the solar zenith angle varying 

by 15° intervals to obtain a set of 

models for the full day.  

Dust Dynamics 

Dust Dynamics were modeled by 

allowing charged dust to interact 

with the modeled plasma 

environment and then recording the 

trajectory. Large numbers of 

trajectories were ran for various 

dust sizes to look for any net 

transfer. 

Figure 4: Potential structure for solar zenith angle of 

60° 

Figure 5: Example dust trajectory 

Plasma Environment 

Dust Dynamics 

 For each interval of solar zenith angle a simulation containing 700,000 dust grains was ran in order to 

investigate the dynamics of the dust within the plasma environment. The dust grains ranged in size from 10 nm to 

10 µm and were all given an initial positive charge, 1 m/s velocity, a random initial position along the surface and 

a random launch angle. Figures 9 and 10 show how the majority of charged dust interacted with the plasma. 

Net Dust Transport 

 To simulate a full day of dust transport, the simulations of each solar zenith angle were coupled together by 

weighting the initial positions of the dust by the ending distribution of the previous simulation. In order to find the 

dust transport due to purely electrostatic effects, a control case was ran with no electrostatic forces (just gravity). 

After getting a distribution for this control case we then ran a case with both gravity and electrostatic effects to get 

an overall net dust transport. To find the transport due to electrostatics the distribution of the control case was 

subtracted from the overall dust distribution. 

Dust grains that followed ballistic trajectories. 

Dust grains that were ‘trapped’ in crater. 

Dust grains that were accelerated past crater. 

Figure 6: Potential structure when the solar 

zenith angle is normal to the surface. 

Figure 7: Potential structure when the solar 

zenith angle is 45° to the surface normal 

Figure 8: Potential structure when the solar 

zenith angle is 75° to the surface normal. 

Figure 9: Ending vs. Initial positions of dust grains for solar zenith 

angle of 45°  

Figure 10: Examples of corresponding dust trajectories  

Figure 11: Dust transport with no 

electrostatics, just gravity. 

Figure 12: Dust transport with 

gravity and electrostatics. 

Figure 13: Dust transport with only 

electrostatic forces. 
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