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Introduction: The Clementine mission suggested 

that deposits of water ice might exist in the permanent-
ly shadowed regions (PSRs) near the lunar south pole 
[1]. Subsequent data of the Lunar Prospector Neutron 
Spectrometer (LPNS) showed suppression of epither-
mal neutrons at both poles above 70° latitude, which 
were interpreted to indicate enhancement of hydrogen, 
predominantly within PSR areas [2]. More recently the 
Lunar Exploration Neutron Detector (LEND) onboard 
the NASA Lunar Reconnaissance Orbiter (LRO) 
showed, when viewed with its high spatial resolution, 
that the regions of neutron suppression were not close-
ly related to the PSRs [3]. Two of the PSRs, those as-
sociated with the Cabeus and Shoemaker craters, 
showed significant suppression of neutrons, but others 
did not. In this work we shall focus not on the neutron 
suppressed regions (NSRs); rather we are concerned 
with the hydrogen content of the region between the 
NSRs. 

Methods: A map of the epithermal neutron count-
ing rate was made by binning the LEND counts from 
the four collimated epithermal neutron detectors using 
HEALPix [4] bins of size 1.7 km. We first made a plot 
of epithermal neutron count rate as a function of lati-
tude in one-degree latitude bands between -82° and -
90° after excluding the NSRs. A general decrease in 
count rate (increase in H content) is observed toward 
the poles.  

Discussion: We found that the count rates decrease 
linearly and nearly identically at both poles. The de-
crease in epithermal-neutron flux is due to an increase 
in the H content of the regolith. This distribution of H 
is very different from the much higher H content of the 
strong flux depressions seen in the NSRs. The cause of 
the high H content in the NSRs is not well understood, 
but this work will discuss what the observed increase 
in H with latitude can tell us about H mobility on the 
lunar surface. 

There are two obvious sources of hydrogen found 
on the moon: H2O from impacts of volatile-rich comets 
or meteorites and hydrogen from the sun associated 
with the solar wind or solar particle events (SPEs). By 
a large margin, the solar wind accounts for the bulk of 
the lunar H [5].  

The H implanted by the solar wind, as well as H2O 
deposited from impact sources, can be mobilized by a 
variety of processes, but all them that rely on external 
sources, e.g. solar wind sputtering, solar photons, or 

impacts, are either isotropic or have at most a cosine 
dependence on latitude [5]. What we observe, howev-
er, is that the decrease in count rate at the poles is 
much steeper than that expected based on cosine de-
pendent processes.  

Because the solar-wind deposited H in the grains is 
saturated, we consider the H in the lunar regolith to be 
determined by differences between the rates of steady-
state gain and loss mechanisms. As shown above, co-
sine dependent mechanisms cannot by themselves ac-
count for the steep decrease in count rate observed in 
the polar regions. The rate of loss of species due to 
diffusion of implanted H out of the grains or thermal 
vaporization, however, are expected to show a very 
strong dependence on temperature. We suggest the 
decrease in epithermal-neutron count rate (and in-
crease in H content) is due to much slower vaporiza-
tion of H in the polar regions.  

Before we try to semi-quantitatively model the mi-
gration of H, we must first convert the count-rate data 
into concentrations of H (in all species). To do this we 
calculate an epithermal-neutron suppression value. The 
suppression is defined as the ratio of the background-
adjusted count rate in an area of interest to that of a 
reference flux expected for an area containing no H.  

Following a procedure like that used by [3], we 
find an average background-adjusted count rate of 
1.6938 ± 0.0012 cps. We then take the average H con-
tent in Apollo 16 soils of 45 ppm from [6] as our best 
estimate of the H content in this area. Using Figure S-1 
in the supplementary on-line material of [3], we calcu-
late a reference count rate of 1.79 cps. 

Based on the above model-dependent assumptions 
and the data in Figure 3, we calculate a H content of 
120 ppm at 82° latitude and 200 ppm at 89° latitude. 
The bulk of the excess H above the 45 ppm assumed 
for that typical of lower latitudes must reside on the 
surface of the grains since it is difficult for an H2O 
molecule on a ballistic trajectory to be imbedded into a 
grain. The implications of this conclusion will be dis-
cussed.  
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