
Epithermal Neutrons, Illumination, Spatial Scale and Topography:  An Correlative Analysis of Factors Influ-
encing the Detection of Slope Hydration using LRO’s Lunar Exploration Neutron Detector.  T.P. McClana-
han1, I.G. Mitrofanov2, W.V Boynton3, G. Chin1, R.D. Starr4, L.G. Evans5, A. Sanin2, T. Livengood1,6, A. Parsons1, 
E. Mazarico1, R. Sagdeev6, J. Bodnarik3, K. Harshman3, D. Hamara3, J. Su6, J. Murray6, M. Litvak2, Astrochemistry 
Laboratory, NASA Goddard Space Flight Center, Greenbelt, MD 20771, (timothy.p.mcclanahan@nasa.gov), 
2Institute for Space Research, RAS, Moscow 117997, Russia, 3Lunar and Planetary Laboratory, Univ. of Arizona, 
Tucson AZ,  4Catholic Univ. of America, Washington DC, 5Computer Sciences Corporation, Lanham MD 20706,  
6Univ. of Maryland, College Park. 

 
Introduction: In this research we correlate the 
Moon’s south polar epithermal neutron flux, topogra-
phy and a visible illumination model to illustrate evi-
dence that there is a widespread hydration of pol-
ward-facing (PF) slopes that is occurring at a contin-
uum of spatial scales.  By limiting our analysis to 
large PF slopes we show that there is a broad de-
crease in the lunar epithermal neutron flux derived 
over the large PF slopes relative to the average lunar 
induced epithermal flux derived over all PF slope 
conditions.  The additional ~1% decrease in epither-
mal neutron flux over large PF slopes raises the EF 
vs PF rate contrast to ~2% near the south pole.  Re-
sults also indicate that an identical scale-dependent 
comparison of epithermal rates derived over equator-
facing (EF) slopes do not contrast, inferring that hy-
drogen concentrations on those slopes are in equilib-
rium with local levels.  Fully registered south polar 
maps derived from the Lunar Reconnaissance Orbit-
er’s Lunar Exploration Neutron Detector (LEND) as 
well as topography and an illumination model de-
rived from the Lunar Observing Laser Altimeter 
(LOLA) are correlated to characterize slope condi-
tions [1-3]. Regolith temperature does not appear to 
be an influence in the slope epithermal rates.  Lunar 
Prospector Neutron Spectrometer (LPNS) and 
LEND’s Sensor for Epithermal Neutrons (SETN) 
corroborate these results but to a lesser extent [4]. 
    Background:  Strong evidence for hydrogen con-
centrations at the lunar poles has been observed by 
both LPNS, and more recently LEND as indicated by 
a broad ~4% suppression in the epithermal neutron 
flux.  For decades the prevailing hypothesis had been 
that cryogenic conditions in permanently shadowed 
regions were necessary for near surface concentra-
tions of hydrogen [5].  LPNS and LEND results show 
the suppression of epithermal neutron flux begins 
near ±70° latitude.  Yet only ~1% of this latitude 
band lies in permanent shadow.  Also, evidence from 
LEND’s Collimated Sensor for Epithermal Neutrons, 
(CSETN) indicate that only a few of the permanently 
shadowed regions (PSR)’s contain significantly en-
hanced concentrations of hydrogen [6].  So, what 
explains the polar epithermal flux suppression? 
    A possible explanation lies in evidence derived 
from near infra-red observations.  Results from 

Chandraayan-1’s Moon Mineralogy Mapper M3, sug-
gested enhanced concentrations of hydrogen are di-
urnally associated with the darkened slopes of mid-
latitude craters [7].  Deep Impact suggested a global 
scale production process where solar wind interac-
tions with regolith oxygen-bearing minerals yield 
hydroxyl and water [8].  Further, recent re-analysis of 
M3 data suggest surface hydrogen concentrations 
begin near ±40° latitude and increase to ~1000’s of 
ppm hydrogen diurnally present at latitudes above 
±60° [9].    
     Our hypothesis unifies the epithermal and infra-
red results by suggesting that the broad polar-
suppression of epithermal neutrons is primarily due 
to the localized trapping of hydrogen on PF slopes 
where locally minimum temperatures and illumina-
tion conditions may provide trapping conditions in a 
continuum of spatial scales perhaps down to a meter.  
Also, that the necessary PF trapping conditions for 
hydrogen increase towards the poles. 
     If our hydrogen trapping hypothesis is correct, 
then considerations derived from convolution theory 
provide two predictions regarding the detection of 
hydrogen in slope conditions. H1) The suppression of 
epithermal count rates should increase in large PF 
slope conditions as compared to all slope conditions.  
In these locations hydrogen concentrations are ex-
pected to be maximized. Plus, the large slopes sub-
tend a greater fraction of the CSETN field-of-view 
than small slopes.  H2) EF slopes are postulated to be 
anhydrous.  If so, there should be no epithermal rate 
contrast due to those slopes spatial scale.    

Methods:  To study slopes as a function of spatial 
scale we decompose the LOLA topography as a func-
tion of slope aspect to isolate PF and EF slopes.  Ful-
ly registered epithermal neutron count rates derived 
over PF and EF slopes are averaged by convolving a 
10° latitude-band analysis window from west to east 
longitudes between -45°  to -90° latitude, using 0.5° 
latitude steps.  At each center position of the window 
the average epithermal count rates are calculated for 
PF and EF pixels.  A parallel analysis of a LOLA 
visible illumination model [10] is included to quanti-
fy the contrasting average illumination conditions on 
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PF and EF slopes.  Average visible illumination is 
also used as a proxy for slope temperatures. 

Large scale slopes are classified and segmented 
from the topography as a function of their local varia-
tion in slope aspect and its first derivative properties 
of slopes in craters.  PF and EF pixels are aggregated 
by a region growing process.  Small scale slopes 
whose pixel aggregate areas fall below 15-km2 area 
are eliminated, thus isolating large scale slopes. 

Results:  Figures-1a,b illustrate corresponding 
visible illumination and epithermal neutron % rates 
derived over LOLA topography as a function of slope 
aspect and latitude. (Fig-1a: left) Baseline visible 
illumination results illustrate the lower levels of aver-
age illumination modeled for PF slopes (light blue) 
relative to equivalent illumination rates modeled for 
EF slopes (green) vs. latitude.  Rates derived for 
large scale slope conditions show the average illumi-
nation goes up by 0 to 3% for EF conditions (red) 
and down 2 to 7% for PF (dark blue) conditions.  
Relative rates derived for large scale slopes suggest 
the isolation of spatially larger and deeper features.   

(Fig-1b: right) Corresponding baseline epither-
mal neutron count rates on poleward (light blue) and 
EF (green) slopes as a function of latitude.  H1) Re-
sults show the relatively decreased rates on PF slopes 
between -50° W and -60° E that are consistent with 
expected illumination trends.  At the pole the rate 
difference is ~1% of the lunar induced epithermal 
count rate.  In large scale slope conditions the sup-
pression of epithermal neutron rates on PF slopes 
(dark blue) is enhanced by an additional ~1%, yield-
ing a ~2% contrast at the poles.  The contrast de-

creases towards mid-latitudes.  Importantly, the rates 
derived from large-scale EF conditions (red) are 
equivalent to the rate of the baseline measurements 
(green).  This result is consistent with H2) Non-
contrasting epithermal rates derived over EF slopes 
suggest anhydrous conditions that are in equilibrium 
with local near surface hydration conditions.  
     Conclusions:  Our results indicate that there is a 
widespread hydration of PF slopes occurring in a 
continuum of spatial-scales, possibly down to the 
level of a meter-scale in latitudes >±60°.  Evidence 
for the hydrogen concentration bias towards PF con-
ditions is that epithermal neutron rates from PF 
slopes are scale dependent and EF slopes are not.  
This result importantly suggests EF slopes are hy-
drated to local equilibrium levels.   
      If slope temperature was the sole contributor to 
the observed epithermal-rate contrasts we should 
expect: 1) In EF conditions epithermal rates should 
go up with the observed illumination rates, they 
don’t.  2) Temperature should provide a uniform con-
tribution to the rate contrasts as slope scale distribu-
tions are assumed similar in low to high latitudes.  
Instead the rate contrasts are maximized at the poles 
and diminish towards mid-latitudes.  
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Figure 1: (left) Plots of Visible Illumination rates on poleward and EF conditions vs latitude and slope spatial scale.  By limiting the slope analy-
sis to slopes of larger spatial scale (>15km) compared to the baseline rates (All) illumination rates increase (red) in equator-facing conditions and 
decrease (dark blue) for poleward-facng conditions. (right) Plots of corresponding epithermal rates vs latitude and slope spatial scale.   The sup-
pression of epithermal rates is enhanced by ~2% of the lunar induced epithermal rate at the pole for large-scale slopes in PF conditions as com-
pared to the baseline evaluation for both EF scale conditions.   In EF conditions the rates for both large and All cases are equivalent suggesting 
hydration on EF slopes is in equilibrium with local surroundings.   
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