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Introduction: Electrostatic dust lofting and 

transport, as a long-standing problem, has been sug-
gested to explain a number of observations on airless 
bodies throughout the solar system, such as the lunar 
horizon glow [1] and the ‘spokes’ in Saturn’s rings 
[2]. The electrostatic mechanism is expected to play a 
bigger role in shaping the surface properties of aster-
oids due to their smaller gravity. Dust ponds formed 
on asteroid Eros have been suggested to be caused by 
the depression of electrostatically transported dust 
into the bottom of the craters [3]. Recent Hayabusa-2 
mission found the absence of fine dust on Ryugu’s 
surface [4] and the OSIRIS-REx mission also ob-
served a rocky surface of Bennu, rougher than ex-
pected [5], indicating a lack of regolith. Electrostatic 
dust lofting and escaping may be responsible for these 
observations. Here we present the recent advancement 
on the dust charging and lofting studies and their im-
plications to the previous and new observations on 
asteroids. 

Patched Charge Model:  As shown in Fig. 1, the 
model [6] explains that emitted photoelectrons and/or 
secondary electrons can be re-absorbed inside micro-
cavities between dust particles, resulting in large neg-
ative charges on the surrounding particles that repel 
each other to become lofted. Computer simulations 
have also shown largely enhanced dust charges and 
strong grain-scale electric fields in the regolith [7]. 

 
Fig. 1 Schematic diagram of the patched charge mod-
el [6].  

The negative charges on dust particles forming 
microcavities can be estimated using the following 
equation [6] 

Q » -0.5C(hTee/e)  (1) 
where C = 4pe0r is the capacitance of a dust particle 
with radius r, h is an empirical factor between 4 and 
8, Tee is the emitted electron temperature in eV. hTee/e 
indicates the surface potential of the dust particle with 
respect to the ambient plasma. 

Characteristics of Dust Lofting: Several key 
characteristics of electrostatic dust lofting, including 
the initial charge, size, initial launch velocity and rate 
of lofted dust, have been measured in the laboratory 
[6, 8-10]. Micron-sized dust particles were charged 
under exposure to UV (7.2 eV) or beam electrons (up 
to 120 eV). The measured dust characteristics are 
critical for fully understanding the dynamics of elec-
trostatic lofting and its effects on shaping the surface 
properties of asteroids. The results are shown below: 
Charge. All lofted dust particles are charged nega-

tively, even under UV radiation [8]. This result is 
contrary to generally expected positive charges on 
dust particles due to photoemission; however, it is in 
agreement with the patched charge model, as de-
scribed above. The magnitude of the measured charg-
es is on the order of 3´10-14 C for 20 µm radius parti-
cles, also in agreement with the patched charge model 
prediction [8]. 

 
Fig. 2 Size distributions of lofted dust particles in the 
plasma and electron beam, and the UV conditions [6]. 
Size. The lofted dust shows a wide size range from 

5 to 70 µm in radius (Fig. 2, [6]). In addition to sin-
gle-sized particles, large aggregates due to the inter-
particle cohesive forces were lofted with the size up 
to 70 µm in radius. In contrast, single sized particles 
35 µm in radius remained at rest under the same 
charging conditions. This indicates that the total 
charge can be enhanced on high-porosity dust, as ex-
pected from the patched charge model. 
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Velocity. The results from our recent experiment  
[9] show that the vertical launch velocity is inversely 
proportional to the radius of lofted dust and is on the 
order of ~0.5 m/s for 12.5 µm radius particles (Fig. 3). 
It is found that the vertical velocity spreads over a 
wide range for similar-sized particles due to large 
variations in the inter-particle cohesive forces. Based 
on the lab results, dust particles as large as 15 µm in 
radius are expected to escape from Ryugu. This may 
be a cause for the absence of small dust particles on 
the rocky surface of Ryugu [4]. 

 
Fig. 3 Vertical launch velocity as a function of the 
radius of dust particles. The red and blue curves are 
the theoretical expectation and its corrected version 
[9].   
Rate. It is shown from our recent experiment [10] 

that the lofting process is time-dependent. It goes 
relatively fast at the beginning and then slows down 
as time progresses. The slow-down is likely because 
the refilling or removal of microcavities as a result of 
dust movement reduces the microcavity charging ef-
fects. The lofting rate is found to be as high as ~5 
particles cm-2 s-1 at 1AU for the dust size between 5 
and 20 µm in radius. 

Implications to the asteroid observations: Both 
lab and simulation studies described above have 
shown that dust particles can gain significant charges 
due to the microcavity charging effect and become 
lofted by repulsive forces. Based on the initial launch 
velocity measurements [9], micron-sized particles can 
travel a long distance (on the order of 100m for 8 µm 
radius particles) across the surface of Eros-sized as-
teroids. It is possible that these long-shot particles are 
depressed in the bottom of the craters to form the dust 
ponds on Eros [3]. For smaller asteroids like Ryugu 
and Bennu, large amount of fine dust particles would 
be expected to escape to space, leaving their surfaces 
to be likely regolith free as observed from Hayabusa-
2 mission [4] and likely the OSIRIS-REx mission [5].  

Conclusion: The understanding of the fundamen-
tal charging and lofting mechanisms of regolith dust 
has been greatly advanced through recent laboratory 
experiments and computer simulation work. Several 
key characteristics, including the initial charge, size, 
launch velocity and rate of lofted dust, have been 
measured in the laboratory, which are critical for fully 
understanding the dynamics of charged dust particles 
on asteroids and their effects on shaping their surface 
properties. The results of these lab studies provide 
more insight into the observations of the surface 
properties on asteroids Eros, Ryugu and Bennu. 
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