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Motivation
Dust-plasma interactions on the surface of the Moon are significant
because:
• electrostatic dust motion is a surface process that may influence the
evolution of the Moon’s surface (and that of other small, airless
planetary bodies especially asteroids)
• dust deposition on spacecraft poses a considerable threat to spacecraft
• the Moon is an ideal laboratory for some investigations of the
fundamental physics of dust-plasma interactions
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2. Patched Charge Model

Intro to Lunar Dust-Plasma Interactions
Source: Wang 2016
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Here we propose a new “patched charge
model” (Figure 1b) for insulating dust
particles on a dusty surface, based on
two key elements: (1) photoelectron
and/or secondary electron production
and (2) the formation of microcavities
between neighboring dust particles
below the surface. In most laboratory
and space conditions, in which the electron Debye length is much larger than
the dust particle radius (λDe > > a), we
will show that (1) a cavity-side surface
patch can collect unexpectedly large
negative charge due to the absorption
of photoelectron and/or secondary electron emitted from the neighboring particles, which magnitude can be much
larger than the charge on a sheath-side
surface patch due to direct exposure to
UV and/or plasma, and (2) the particleparticlee-repulsive force Fc can become
the dominant electrostatic force, far
exceeding the sheath electric ﬁeld force
Fe, in responsible for dust mobilization
and lofting. Our patched charge model
shows that the interactions of the insulating dusty surface with UV radiation
and/or plasmas are a volume effect,
contrary to current studies that only
consider the interacting surface as a
plane boundary. Note that the charging
mechanism proposed here is fundamentally different from the so-called
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Figure 1. Illustration of charges and forces on dust particles. (a) Current
charge models. An electric ﬁeld E is created in a plasma sheath formed
- above a dusty surface. In this case, the dust particles are charged negatively.
Forces acting on a top dust particle (blue) are Fe = QE, the sheath electric
ﬁeld force; Fc, the particle-particle repulsive force; Fg, the gravitational force;
and Fco, the cohesive force between contacting particles. (b) Patched
charge model. Dust particles (gray circles) form a microcavity in the center.
Photons and/or electrons and ions are incident on the blue surface patches
of the dust particles, charging them to Qb and simultaneously emitting
photoelectron and/or secondary electron. A fraction of these emitted
electrons are re-absorbed inside the microcavity and collected on the
red surface patches of the neighboring dust particles, resulting in a
negative charge Qr.
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Complicating Factors:
• Spacecraft charge
• Spacecraft shadowing
• Extraneous regolith
charge

Solar Wind
and
Electron Reimpact
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Figure Credit: Colwell et al. [3]

Figure Credit: Yan et al. [33]

Figure Credit: Robinson et al. [11]

BUT:
• LADEE’s LDEX instrument saw no evidence of
high altitude dust other than that released by
micrometeoroid bombardment.
• Reanalysis of Apollo 15 LHG observations are
consistent with zodiacal light
Figure Credit: Berg et al. [1]
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dow of the larger lobe, dayside B.
Figs. 2–6 show time-averaged simulation results from the treecode, including electric field (Fig. 2), concentration and fluid velocity vectors of solar wind electrons (incl. secondary electrons,
Fig. 3), solar wind protons (Fig. 4), and emitted photoelectrons
(Fig. 5), as well as electric potential (Fig. 6). The total simulation
domain for these figures was 0–3 km in the horizontal x-direction
and !750 m to 750 m in the vertical y-direction, and timeaveraging was carried out using 100 instantaneous snapshots
taken at intervals of 500 timesteps after the simulation reached a
quasisteady equilibrium. Pointing to Figs. 2–5 we will discuss the
various physical processes involved in generating the very distinct

Terrestrial Work on ES Dust Motion

Fig. 4. Time-averaged solar wind proton concentration and velocity vectors for
asteroid of Fig. 1.

nightside and dayside regions, and we will then discuss the co
plex transition areas in between (near the terminator points
and p4), as well as the pocket region which combines elements
day and night in a very interesting and physically significant ma
ner. Finally, the electric potential of Fig. 6 will be examined with
the context of these other findings.

• Plasma sheath structure: semi-analytical and
computational, near-surface and global (Nitter
1998, Zimmerman 2014, Poppe 2010, 2012)
• Dust charge: computational and experimental
(Zimmerman 2016, Wang 2016, Schwan 2017)
• Dust lofting feasibility, considering cohesion
(Hartzell 2013, Wang 2009)
Figure Credit: Zimmerman et al 2014 [30] (above), A05103
Wang et al
A05103
WANG ET AL.: DUST TRANSPORT ON A SURFACE IN PLASMA
2009 [19] (below)
• Altitudes and particle
sizes of levitating
(Hartzell 2013)
• Dust transport into craters (Hughes 2008)
• Experimental levitation in plasma sheath
(Sickafoose 2002)

Fig. 2. Time-averaged electric field vectors and magnitude produced by the simulated interaction of the solar wind with the asteroid surface of Fig. 1. The electric fi
magnitude reaches 9 V/m in the red saturated regions near the terminators p1 and p4, and 6 V/m in the pocket near p2 and p3.

Figure 3. A dust pile resting on the graphite surface 3 mm
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away from a 6-mm high insulating block and another on an

(A Few) Open Questions
Fundamental Physics:
• What is the charge on a dust particle on a solid surface in a plasma?
• What is the charge on a dust particle in a bed of other particles in a plasma
(e.g. a single regolith particle on the lunar surface)?
• How does dust charging on a surface or in a plasma sheath depend on the
particle's chemical composition and shape?
Planetary Science:
• Does electrostatic lofting occur on the Moon? When? Where? At what rate?
What are the characteristics of these particles?
• Does electrostatic levitation occur on the Moon? (see above)
These observations would test modeling predictions and inform spacecraft design
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Lunar Dust
Dust motion/accumulation
drives mitigation
need/modality.

Plasma dictates
dust charging
and motion.
Dust
tribocharging
modifies plasma
sheath.

Spacecraft activities
cause tribocharging.
Spacecraft charging
attracts dust.

Plasma sheath influences spacecraft charging.
Near-Surface
Plasma

Spacecraft
Activities
Spacecraft shadowing of surface, tribocharging
and dust mitigation activities modify the plasma
environment.

Practical Implications for Spacecraft/Mission Design
• What is the rate of dust accumulation on spacecraft?
– Particle sizes?
– Variation with time of day, landing location?

• How is dust accumulation influenced by tribocharging?
• How will the spacecraft charge?
– Variation with time of day, landing location?
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Plasma Densities (Mike Zimmerman)

• 5m spacecraft at 3m, SIA of 76 deg
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Effect of Launch Location

• Trajectories generally similar, even those that enter the wake
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(Fig. 4b). Cleaning performance was determined qualitatively using visual estimation methods for each test. Dust
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Relevance to Mitigation
• Several mitigation efforts rely on
electrostatic forces:
– Electrodynamic dust shield from KSC
– Electron beam developed at CU
B. Farr et al.

• These mitigation efforts will change
the local plasma environment
• Knowledge of particle charge would
inform these mitigation efforts
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Conclusions
• The Dust-Plasma-Spacecraft system is interconnected and ripe
for experimental investigation
• There are a number of outstanding fundamental physics and
planetary science questions that could be investigated, to test
existing theories
• Dust-plasma interactions are relevant to spacecraft operations,
especially mitigation
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Questions?

Contact: Hartzell@umd.edu
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