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Introduction:  The lunar dust exosphere is sus-

tained by the flux of interplanetary dust, impact ejecta 

and electrostatically transported dust particles (Figure 

1). Even though laboratory experiments demonstrated 

dust lofting by electrostatic forces, there are several 

parameters to investigate through numerical studies as 

well as laboratory experiments. In our previous studies, 

a test bed has been developed to demonstrate the fun-

damental mechanism of the electrostatic dust transpor-

tation in the vacuum chamber, and the experimental 

results have been published for the initial launching 

velocities, launch angle distribution, lofted dust parti-

cle distribution, maximum heights, and acceleration 

profiles [1, 2, 3]. Even though the dust charging time is 

essentially controlled by the ambient plasma condi-

tions, the charge magnitude requirement to launch a 

dust particle from the surface is mainly controlled by 

the regolith configuration. In this study, maximum 

altitudes for the lofting dust particles are simulated 

with launch angles from the measurements in the vac-

uum chamber experiments, variable contact forces 

considering surface cleanliness and multiple contact 

points, different micro-cavity sizes, and the gravity 

force parameter using mass densities of 1.00 kg/m3- 

3.30 kg/m3 considering agglutinate glass, basalt and 

regolith breccia.  

 
Figure 1: Dust transportation around the Moon 

 

Electrostatic Dust Lofting: Laboratory experi-

ments have demonstrated that dust grains can mobilize 

under the electron beam and/or UV lamp [1,3,4,5]. 

When a silica dust sample is compressed to decrease 

the number of micro-cavities (Figure 2), the dust activ-

ity under the same charging source reduces with the 

amount of the applied pressure [1]. It is the result of 

the enhanced contact forces with the applied pressure 

since the dust grains require building up stronger 

charges within the micro-cavities to detach from each 

other. In addition, the dust sample was placed  between 

two parallel aluminum plates that were separated by a 

5 cm distance and biased to 240 V. When the dust 

sample was exposed to the electron beam with 450 eV 

energy, negatively charged dust particles lofted in all 

directions (Figure 3). Therefore, it pointed out that 

electrostatic repulsion between the neighboring dust 

grains was significantly stronger than the external elec-

tric field applied by the aluminum plates.  

 

 
Figure 2: Silica microspheres in vacuum chamber ex-

periments 

 
Figure 3: Lofting silica microspheres in the vacuum 

chamber captured by microscopic telescope (left) and 

processed recording (right) 

 

A simulation code has been developed to estimate 

the initial charge magnitude for the lofted dust grains 

for solar wind conditions as well as the parameters 

related to the regolith. In addition, it also estimates the 
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initial launching velocities of the particles, and the 

particle trajectories are calculated while updating the 

charging environment with 10-3 s time steps. For the 

initial set of simulations, the dust grains in the range of 

0.1 – 5.0 micrometer in radius are investigated under 

the slow stream solar wind condition (Figure 4).  

 

 
 

 
Figure 4: The simulation results for particle trajectories 

(gray lines) and the maximum altitudes (red points) for 

the dust grains with 5.0 micrometer (top), 1.0 microm-

eter (middle), 0.1 micrometer (bottom) radius 

 

  Discussion: The simulation results point out that 

the regolith configuration could significantly control 

dust lofting by electrostatic forces. Even though the 

near-surface electric field controls the particle motion 

after the detachment from the surface, the main mech-

anism is expected to be the repulsion between the adja-

cent charged dust particles. Therefore, the contact 

forces play a significant role in dust lofting since it 

determines the initial charge magnitude to initiate loft-

ing. In addition, the characteristic size of the micro-

cavities also plays a significant role since dust grains 

require smaller charges when the repulsive surfaces are 

in close proximity. These are important to consider for 

two reasons. First, the particles could attain higher 

launching velocities when stronger repulsive potential 

energy builds up within micro-cavities between the 

charging particles. Second, higher charge-to-mass rati-

os could allow particles to travel further by the near-

surface electric field on the lunar terminator.  

The dust grains with 0.1 micrometer radius have 

trajectories influenced by the surface electric field 

more than the other particles since they have higher 

charge-to-mass ratios. Even though no particles 

reached above 1-km altitude, the particles with high 

charge-to-mass ratios could be transported to higher 

altitudes near the regions with the enhanced electric 

field. As expected, there is a significant variation in the 

altitudes of lofted dust grains. We will discuss how 

these surface parameters control the dust lofting as 

well as the vertical dust profile. 
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