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Introduction:  Lacking an atmosphere and mag-

netic field, the moon is directly exposed to solar wind 
plasmas and Earth’s magnetosphere. The solar wind 
protons are implanted into the regolith continuously and 
are kept in hydroxyl groups. Solar wind implantation 
has been considered to play an essential role in most 
proposed water formation mechanisms that have been 
proposed [1-2]. 

Several laboratory experiments have been con-
ducted to investigate the implantation process [3-5]. 
Most of the results indicate that hydrogen is implanted 
as OH/H2O. However, previous studies indicate that the 
implantation process itself is not significant enough to 
generate the amount of OH/H2O comparable to the ob-
servation data [6-7]. Such results are not surprising be-
cause the formation and loss of water molecules occur 
simultaneously during the implantation process. Hence, 
a quantitative assessment on the  contributions of imple-
mentation process  to volatile formation is needed. 

 
 Method: We apply reactive molecular dynamics 

(RMD) simulation to investigate the implantation of so-
lar wind protons into the lunar regolith. The force field 
is developed for Si/O/H system [8]. We use an SiO2 slab 
as the implantation target, and hydrogen atoms are 
placed above the surface far enough to avoid initial in-
teractions. Several implantation speeds and angles are 
tested to represent different latitudes on the lunar sur-
face. Each implantation event includes a shooting pro-
cess and a relaxation process. The target is relaxed to 
the original temperature by the end of every implanta-
tion event. 

Using cluster analysis based on the distance and 
bond order between atoms, we can analyze the for-
mation of H2, H2O, and OH groups. Implantation depth 
can be seen by the distribution of hydrogen atoms be-
neath the surface.  

Results:  During the simulation, except for implan-
tation, reflection of hydrogen atoms are also observed, 
which is consist with many in-situ observations [9-10].  

The system after the implantation is shown in Figure 
1. H2 above the surface can be captured as well as a 
small number of H2O and H3O molecules. Hydroxyl 
groups are formed on the surface. At the beginning of 
the implantation, the number of hydroxyl groups grows 
rapidly. When the surface is saturated with hydroxyl 
groups, the number of H2 and H2O molecules increases 
by the impact of new hydrogen atoms. However, the 

amount of H2O is not comparable to what has been de-
tected. The hydroxyl groups remain steadily at the end 
of the simulation. 

 
Figure 1. Implanted surface and reflected hydrogen 

after 3000 implantation events. 
 

The implantation depth is compared with the TRIM 
[11] simulation, and the results agree well (Figure 2). 
The RMD simulation results have more hydrogen atoms 
accumulated on the surface compared to the TRIM re-
sults. This may be explained by more chemical bond 
formation on the silica surface induced by the highly en-
ergetic hydrogen atoms in RMD, while TRIM does not 
treat such chemical bond breaking and forming events 
explicitly. 

 
Figure 2. Implantation depth from RMD simula-

tion and TRIM simulation. 
 

Discussion and Conclusions:  We applied molecu-
lar dynamics simulation to investigate the solar wind 
implantation process on the lunar surface. The implan-
tation depth is matched with the TRIM simulation. 
Chemical reactions of volatiles formation are simulated, 
and the OH/H2O molecules generated during the pro-
cess is not significant enough compared to the observa-
tion data. However, it is possible that solar wind 
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implantation can be a significant source combined with 
other water formation mechanisms.  

For example, micrometeoroid impact [12] has been 
modeled using the same method in this paper. Net gain 
of water molecules is detected after the impact. Hy-
droxyl groups on the surface become water molecules 
or lost by the heat during the impact, which turns the 
surface to clean and bare. This paper's results indicate 
that the bare surface only needs one or two years to be 
refilled with hydroxyl groups again. The combination of 
these two processes is able to accumulate water mole-
cules in the regolith and contribute to observable water 
molecules. 
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