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We discuss the key characteristics of the pro-
ton-rich solar wind and describe how if may interact
with the lunar surface. We suggest that solar wind can
be both a source and loss of water/OH related volatiles,
and review models showing both possibilities,

Energy from the Sun in the form of radiation
and solar wind plasma are in constant interaction with
the lunar surface. As such, there is a solar-lunar energy
connection, where solar energy and matter are conti-
nually bombarding the lunar surface, acting at the larg-
est scale to erode the surface at 0.2 Angstroms per year

The solar-lunar energy coupling via solar radiation, solar
wind plasma, and episodic solar storms

via ion sputtering [1]. Figure 1 illustrates this dynami—
calty coupled Sun-Moon system.

The Solar Wind Plasma. The Sun emits a
plasma from its corona called the solar wind. At | AU,
this wind has. a nominal density of 5 ions per cubic
centimeter, a temperature of ~ 10°K, ard a flow speed
of 400 km/sec. However, this solar wind is highly vari-
able with densities & temperatures capable of changing
by a factor of 5 and flow speeds by a factor of 2.

Solar Storms. The solar wind energy can be-
come extraordinarily intense during a solar storm and
associated coronal mass ejection (CME). A CME is a
regional mass of plasma being ejected from the sun at
high speeds (super-Alfvenic speeds). The driver gas
typically has a collisioniess shock ahead of it. This
driver gas can also be 10-13 fimes denser than the no-
minal sofar wind and contain a greater concentration of
the heavy, highly-charged He™ than nominal solar
wind.

Plasma/Surface Interactions. There are a
number of ways the plasma interacts with the surface.
First, there is an electrical connection. Plasma and pho-
to~clectron currents must all be balanced at the surface.
As such, the lunar surface will become charged to
create that current balance. On the photo-electron dri-
ven dayside, the surface charges positive but on the

nightside charges strongly negative in association with
the trailing plasma void [2,3].

Second, there is an interaction in the form of a
sputtering loss of regolith atoms via solar wind ions, In
sputtering, incoming energetic ions transfer kinetic
energy to the bound surface atoms, releasing surface
material back into the space environment. There are
really three types of sputtering [4]: momentum ex-
change, ionization, and chemical, and we will review
all three and show examples of each class. There is
also ion sputtering from the surface, where a solar wind
ton releases an ion refractory species (like Si or Fe)
[51.

Third, the solar wind electrons can act fo re-
lease material via electron stimulated desorption
processes [4]. At the heart of this process is a chemical
inferaction where the energetic electron alters the exist-
ing potential state of the surface-bound atom interac-
tion. For example, a volatile loosely bound to the rego-
lith could be affected by the chemical interaction of the
solar wind electron of a few eV [6]. As we demon-
strate, a challenge in understanding the electron inte-
raction is the transition from the classical plasma phys-
ics picture to the quantum solid state picture.

The Water Paradox. Ironically, solar wind
can be considered both a source and a loss for surficial
water. Source mechanisms include the recombinative
desorption process [6] and manufacturing via impact
vaporization [7]. In this former case, solar wind pro-
tons incident with the surface take an O from the silica
and form OH; the OHs then merging to create and re-
lease water. In the latter, a build-up of solar wind im-
planted hydrogen in the surface may be transformed to
water using the energy in impact vaporization. Howev-
er, water losses from sputtering should ever-present
{especially on the dayside). As such, any water buildup
must also be tempered by solar wind ion sputtering
losses. We will provide an example from a pelar crater
model [8].
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