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Simulations of the Lunar Photoelectron Sheath and Associated Dust Grain
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Electric Field v. Height immediately above the lunar surface on the order of

3'02 Maxwelian ——— meters in thickness. While photoelectron sheaths have
25r ] been studied before [9], these studies have not been done
— a0of 1 specifically for the lunar surface. We simulate the lunar
§ ; ] photoelectron sheath via a 1-dimensional particle-ih-cel
o 15f n (PIC) code, tailored to the lunar surface. On one side
& E ] of the simulation, the lunar surface emits photoelectrons
g or B with a specified energy distribution, whilg,, = 10 eV
L osh ] solar wind electrons and ions enter the simulation from
; . ] the opposite end. We simulate two photoelectron energy
0-0; R S distributions: &, = 2.2 eV Maxwellian and the energy
—osk , , ] distribution measured from lunar fines returned by the
0.1 1.0 10.0 100.0 Apollo missions [10]. The charge on the lunar surface is
Height [m] continuously calculated in order to maintain charge con-
servation.
Figure 1: The electric field as a function of heightonthe  The electric field as a function of height for both
lunar surface in the Maxwellian and lunar cases. the Maxwellian and lunar cases is shown in Figure 1.

The lunar electric field is consistently weaker than the
Maxwellian electric field and both cases have regions of

Introduction: ~ Several measurements from the N€gative (downward-pointing) fields, corresponding to a
Apollo-era have suggested that the lunar surface is aRon-monotonic potential profile. The presence of non-
active environment for micron and sub-micron sized dusflonotonic sheath potentials has been analytically stud-
particles. These measurements include Surveyor imagd$d Pefore [11] and has implications for the ability of
of lunar horizon glow [1], results from the Lunar Ejecta the sheath to levitate dust grains. Regions of negative
and Meteorites (LEAM) experiment deployed during the (downward-pointing) electric fields, present in a non-
Apollo 17 mission [2], and Apollo astronaut sketches of Monotonic sheath potential, cannot supportany dustlevi-
the near-surface environment [3]. Dust grains on the jufation and correspondingly place a limit on the maximum
nar surface will charge due to exposure to solar UV radi1€ight for dust grain levitation.
ation and the ambient solar wind plasma and are thought Dust Lévitation: The ability of a photoelectron
to be electrostatically levitated and transported actuss t Sheath to levitate dust grains depends on the charge on
lunar surface. Several models have been developed in 41€ dust grain and the strength of the sheath electric
effort to explain this phenomenon [4, 5], and recent lab-field. We employ a test-particle method to analyze the
oratory experiments have confirmed the ability to chargd€cessary conditions for dust grain levitation, using the
and levitate dust grains in a plasma [6, 7, 8] howeversheath profiles from the PIC simulations for both the
the picture is still incomplete. Maxwellian and lunar cases. The dust grain charge as

Photoelectron Sheath Simulation: A comprehen- & function of grain radius is determined by finding the
sive understanding of the lunar surface plasma environd'@in potential at which the charging currents sum to
ment is required in order to assess the possibility anger° and using the capacitance of a spherical grain to de-
explain the subsequent behavior of electrostatically levie"Mine the charge. A grain will levitate if the electric
itated lunar dust grains. The lunar surface is exposed t§°rce on the particle balances the gravitation force. Fig-
solar UV light, which induces photoemission, and theUr® 2 shows the equilibrium levitation height as a func-
ambient solar wind plasma, which, due to the highertion of particle size for both the Maxwellian and lunar
electron mobility, charges the surface negatively. Thef@Ses. The Maxwellian sheath cannot levitate particles
photoemission current is approximately an order of magWith radii, 7 > 0.15 um, while the lunar sheath cannot
nitude greater than the solar wind electron collection/€Vitate particles with radii; > 0.085 um. Additionally,
current, and therefore, the lunar surface is expected tir any particle size, the maximum levitation heights for
charge positively. A photoelectron sheath will developth® Maxwellian and lunar cases are 8.5m and 2.5 m, re-
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Equilibrium Levitation Height v. Radius environment, such as the change in solar UV irradia-

" . Moxwelion ——— ] tion through the solar cycle and change in the solar wind
temperature and flux. This variability could drastically
—_ change the ability of the lunar photoelectron sheath to
% levitate and transport dust grains.
.g
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Figure 2: The equilibrium levitation height as a function
of grain radius for dust grains on the lunar surface in the
Maxwellian and lunar cases.

spectively.

While the 1-dimensional nature of the model nec-
essarily limits the effects of spatially-varying boundary
conditions, the results nevertheless place important con-
straints on the ability of the lunar photoelectron sheath to
levitate micron and sub-micron dust grains. The strength
of the sheath electric field dominates this capability and
relative to a Maxwellian with an equivalent photoelec-
tron temperature, the lunar photoelectron sheath is much
less able to levitate dust particles. Future work will ex-
pand the model to two dimensions in order to include
phenomena such as sunlit-shadowed boundaries, which
are thought to build up massive horizontal electric fields,
and local lunar topography, which could influence the
equilibria and trajectories of levitated dust grains. We
also plan to address the variability of the local plasma
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