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Introduction: Spectroscopic evidence of surface 

hydration on the Moon exists for two spectral regions: 
3 µm and 165 nm [1-2]. Furthermore, multiple obser-
vations are consistent with a diurnal variation of the 
hydration signature [2-4]. Not only does the amount of 
hydration change throughout the day, the depletion in 
hydration observed at noon is deeper at low latitude 
than at high latitudes [2]. 

We perform simulations of water sources and mi-
gration through the lunar exosphere to compare to the 
observed hydration cycle. These simulations include 
the spatial distribution of solar wind as a source includ-
ing the temporal effects of passing through the Earth’s 
magnetotail on solar wind fluence and the hydration 
budget. They also include the influence of the distribu-
tion of binding site energies on the surface hydration. 

Investigations: To compare with recent data anal-
yses, such as the accompanying presentation by Hen-
drix et al. [5], we use the model to study how different 
processes affect the observations. 

Potential Sources: Two potential ongoing, relative-
ly steady sources of water to the Moon include the 
solar wind and meteoroids. We investigate the amount 
of water available for migration for each potential 
source and relate the diurnal signature to the source 
rates.  

Magnetotail Shielding: Every month the Moon 
passes through the Earth’s magnetotail during the ±2.5 
days surrounding full Moon. While the Moon is inside 
the Earth’s magnetotail, it is shielded from the solar 
wind. Because both the lunar rotation and the shielding 
are phase-locked, the same regions on the surface of 
the Moon are shielded every month producing spatial 
differences in the solar wind fluence. We relate the 
data from regions affected by magnetotail shielding to 
those unaffected to understand the timescales involved 
in solar wind induced spectral effects. 

Exosphere-Surface Coupling: An important param-
eter in the model for this application is the sticking 
function, because it determines the sticking time of 
particles on contact with the surface. In this work, we 
explore a range of binding energies [6] to find the dis-
tribution that can reproduce the observed hydration 
cycle. Previous work [7] shows that a significant quan-
tity of binding energy sites with relatively high binding 
energy is needed to have a significant hydration signal 
apparent on the dayside.  

The model produces both the steady state exospher-
ic content of migrating water (see Fig. 1) and the dis-
tribution of water on the surface. These model outputs 
are compared to the surface observations and upper 
limits on the exospheric content derived from LADEE 
observations to place limits on the inventories involved 
in migration at the Moon. 

Migration Model: The model tracks sample parti-
cles as they travel through the lunar exosphere and 
interact with the surface [8]. The Monte Carlo model 
follows 106 particles on ballistic trajectories from their 
points of release on the lunar surface until the particles 
are lost from the atmosphere using a fourth order 
Runge-Kutta (RK-4) algorithm [8-10]. The results pre-
sented here use the equation of motion neglecting radi-
ation pressure. The simulation space spans from the 
surface of the Moon to the Hill Sphere (35 RMoon), 
where gravity from Earth begins to dominate the mo-
tion of the particles. 

An input flux and spatial distribution is assigned as 
appropriate for the source: solar UV radiation for pho-
ton-stimulated desorption, solar particle flux for ion 
sputtering, and micrometeoritic or meteoritic flux for 
impact vaporization. At the Moon, solar wind flux dies 
off with solar zenith angle due to the curvature of the 
Moon. Micrometeorite release, in contrast, is enhanced 
on the morning hemisphere.   

The ejected products are assigned an initial velocity 
from the surface drawn from the distribution function 
appropriate to the release mechanism. When the parti-
cle comes back into contact with the surface, there are 
a variety of processes that can occur, introducing an 
array of interesting physics questions. These are inves-
tigated in the simulations presented here. When the 
atmospheric particle reencounters the planet, it may 
stick to the surface. It may adsorb to the surface long 
enough to partially or fully thermalize to the local sur-
face temperature and then be re-emitted. Or it may 
rebound on contact retaining all or most of its incident 
energy.   

The energy exchange at the surface for particles 
that return to the surface and are re-emitted is parame-
terized by a thermalization coefficient (w) and a con-
servation coefficient (f) that governs the energy ex-
change between the particle and the surface. The 
weights applied to vt, a velocity from the Maxwellian 
distribution at the local surface temperature (thermal 
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accommodation) and to vi the incident particle velocity 
(rebound) total unity. The inbound and thermal veloci-
ties are added in quadrature with appropriate weights 
to compute the outbound velocity. The conservation 
coefficient is applied afterward to provide a separate 
means of damping particles. If a particle is re-emitted, 
the direction of release occurs with an isotropic angu-
lar distribution. However, given the microstructure of 
the regolith, this is a simplification. The re-emitted 
particle is followed on all of its ballistic hops until it is 
lost from the system either to sticking, escape, or pho-
toionization. 

When the particle encounters the surface, the code 
determines whether the particle will stick or be re-
emitted depending on the sticking functions assigned 
to the simulation [11]. In these simulations, sticking is 
applied as activation energy of a binding site. Each 
time the particle comes into contact with the surface an 
activation energy is assigned. The local surface tem-
perature is queried to calculate a residence time for the 
given activation energy and temperature. If the proba-
bility is lower than a randomly generated number, the 
particle sticks. The code can immediately consider the 
later reemission of a stuck particle by propagating it 
along in longitude and requerying the surface tempera-
ture. This way, one can determine the material that 
should be stuck to the surface as a function of time of 
day. 

The probability of photoionization or photodissoci-
ation during a given hop is based on the photoioniza-
tion time [12-13] and the time of flight in sunlight. The 
particle escapes the simulation when it crosses a prede-
termined boundary. Here, we use the Hill sphere (35 
RMoon) as the boundary for escape. 

Conclusion: We report our findings regarding the 
surface-properties that best reproduce the hydration 
signature observed in the UV and IR on the surface of 
the Moon. This is used to estimate the amount of mate-
rial involved in migration and the corresponding 
amounts tied up on the surface and mobile in the exo-
sphere. The relationship to possible sources is present-
ed. 
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!Figure 1. Example model exospheric water content for a migrating water exosphere with a surface sticking tem-
perature of 220 K. 
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