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Abstract

The Moon, as all airless bodies in the solar system,
is continually bombarded by interplanetary dust parti-
cles, it is also immersed in the solar wind plasma flow
and UV radiation. There are several controversial ob-
servations from the Apollo era that can now be revis-
ited due to new spacecraft data, and recent dedicated
laboratory experiments. Hypervelocity dust impacts
generate secondary dust ejecta particles, neutral and
ionized gases, sustaining the recently discovered, per-
manently present dust cloud engulfing the moon, and
contributing to the production of the dilute lunar atmo-
sphere and ionosphere. UV and plasma exposure re-
sults in the electrostatic charging of the lunar regolith,
that can lead to the mobilization, transport, and large-
scale redistribution of the lunar fines. We focus on the
recent results of in situ observations, as well as the lat-
est laboratory results, a combination which resulted in
a much improved understanding of the lunar dust en-
vironment, and its expected similarity to the surfaces
of other airless planetary bodies.

1. Dust measurements in space
The Lunar Dust Experiment (LDEX) on board the Lu-
nar Atmosphere and Dust Environment Explorer mis-
sion was designed to make in situ dust measurements
while orbiting the Moon [1, 2]. Particles with radii
a ≥ 0.3 µm were detected as impacts [3]. LDEX was
also capable of measuring the collective signal gen-
erated from dust impacts with sizes below its single-
particle detection threshold. A putative population of
electrostatically lofted grains above the lunar termi-
nator with radii of approximately 0.1 µm has been
suggested to exist since the Apollo era. LDEX per-
formed the first search with an in situ dust detector for
such a population. Fig.1 shows the LDEX observa-
tions taken over the lunar terminator indicating no ev-
idence of electrostatically lofted grains in the altitude
range of 3 - 250 km above the lunar terminator, with

an upper limit of 40-100 cm−3 [3, 4]. This has also
been supported by the remote sensing observations of
the Clementine and LRO missions [5, 6]. Contrary
to these observations, the LADEE UVS instrument’s
[7] spectral data did suggest the existence of at least
an intermittent nanodust exosphere at the Moon con-
taining a population of particles sufficiently dense to
be detectable via scattered sunlight. Near the peak of
the Quadrantid meteoroid stream the observed nega-
tive spectral slope is consistent with backscattering of
sunlight by nanodust grains with radii less than 20 to
30 nm [8]. This population is suggested to be gener-
ated by impacts during the Quadrantid stream, similar
to the enhancements observed by LDEX during this
and other shower periods [3, 9]. While to date there is
no evidence of high-altitude lofted dust due to electro-
static effects over the lunar surface, there is strong sup-
porting evidence from recent laboratory experiments
that dust charging can lead to significant effects near
the surface of an airless planetary body.

2. Laboratory experiments
New laboratory experiments shed light on dust charg-
ing and transport that have been suggested to explain
a variety of unusual phenomena on the surfaces of
airless planetary bodies. Lofted large aggregates and
surface mobilization are related to many space obser-
vations. New experiments (Fig.1) have successfully
shown that the emission and re-absorption of photo-
electrons and/or secondary electrons at the walls of
micro-cavities formed between neighboring dust par-
ticles below the surface are responsible for generat-
ing unexpectedly large negative charges and intense
particle-particle repulsive forces to mobilize and lift
off dust particles [10, 11].

3. Summary and Conclusions
This talk will summarize the LADEE/LDEX results
identifying the permanently present and intermittently
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0.2 cm deep on a graphite surface that was electrically floated. Mars simulants (irregular shapes, 38–48μm in
diameter, major composition of silica, mass density of 1.9 g/cm!3), which generally resemble the regolith
particles of most airless planetary bodies in the inner solar system, were used in the experiments. In the
plasma experiments, a hot filament emitted 120 eV beam electrons that simultaneously generated a plasma
when argon gas was fed to the vacuum chamber (0.5–1mtorr) due to the impact of beam electrons with
argon neutral particles. In the UV experiments, a xenon excimer UV lamp was alternatively placed on the
top of the chamber to illuminate the dust particles at a wavelength of 172 nm with a spectra width of
14 nm FWHM. Dust transport and hopping trajectories were recorded with a regular video camera at
30 frames per second (fps) or a high-speed video camera (Phantom V2512) at 5000 fps.

3.1. Comparative Dust Transport Experiments

We report the results of a series of comparative experiments of dust transport with and without secondary
electron or photoelectron production. In the first set of experiments, dust particles were exposed to a thermal
plasma with an electron temperature of ~2 eV or a plasma and a 120 eV electron beam by placing the hot
filament below or above the dusty surface, respectively. Note that the observations of dust transport and
the measurements for the vertical electric field (Figure 2b) and horizontal potential (Figure 2c) profiles were
all carried out in exactly the same plasma with the bottom or top filament setup. Dust transport including the
hopping motions was only recorded when exposed to both the plasma and electron beam (Figure 3a), while
exposure to plasma alone did not result in the mobilization of the dust particles, consistent with previous
experiments [Flanagan and Goree, 2006]. The vertical electric fields generated in the plasma sheath above
the dusty surface were kept approximately constant (~16 V/cm) in both experiments (Figure 2b). A major
difference between them was that secondary electrons (SEs) were generated from the dusty surface in
the presence of the electron beam while minimized in the thermal plasma alone. These results indicate
that (1) the plasma sheath electric field alone does not generate a sufficient force to liberate dust particles
and (2) SEs emitted from the dusty surface play a role in alteration of the dust charging process and
subsequent mobilization.

Figure 3. Images of dust transport and hopping trajectories in (a) plasma and electron beam, (b) electron beam, and (c) UV
experiments. A blue square in Figure 3c indicates a hopping trajectory captured under UV illumination. Deposits of dust
particles on the surface outside the crater also indicate their hopping motions in all three images. Large aggregates up to
140 μm in diameter are lofted in addition to individual particles (38–45 μm in diameter).
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Figure 1: Left:The upper limit of the density of dust
particles as a function of altitude, derived from the
LDEX current measurements. Each gray dot repre-
sents a terminator crossing. Black dots show the av-
erages in 10 km increments. The orange points indi-
cate LDEX measurements taken in Earth’s magneto-
tail [4]. Right: Images of dust transport and hopping
trajectories in (a) plasma and electron beam, (b) elec-
tron beam, and (c) UV experiments. A blue square
highlights a hopping trajectory captured under UV il-
lumination. Deposits of dust particles on the surface
outside the crater also indicate their hopping motions
in all three images. Large aggregates up to 140 µm in
diameter are lofted in addition to individual particles
in the range of 38 - 45 µm in diameter [10].

enhanced lunar dust ejecta cloud that is sustained by
the continual bombardment by interplanetary dust par-
ticles originating form the sporadic background popu-
lation, as well as the meteoroid streams. The measure-
ments indicate no high-altitude dust density enhance-
ments over the terminator regions, as it was anticipated
due to dust charging and strong electric fields in this
region. However, there is strong supporting evidence
for efficient dust mobilization and transport near the
surface, a process that is likely to be responsible for
the observed dust ponding on asteroids [12].
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