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The flux of epithermal neutrons leaking from the lu-
nar surface provides information about the abundance of
hydrogen in the top∼ 70 cm of the regolith. Hydro-
gen nuclei efficiently moderate neutrons knocked from
their nuclei by incoming cosmic rays, and decrease the
epithermal neutron leakage flux. This technique was
first used for the Lunar Prospector Neutron Spectrom-
eter (LPNS) to indicate hydrogen concentrations near to
the lunar poles [1]. Having an accurate map of the lunar
near-surface hydrogen is crucial for the study of volatile
delivery and retention in the inner solar system. It is
also a key ingredient in planning future lunar missions
to investigate permanently shaded regions near the lunar
poles.

The Lunar Exploration Neutron Detector (LEND)
Collimated Sensors for EpiThermal Neutrons (CSETN)
on LRO aimed to map the lunar hydrogen with improved
spatial resolution using neutron spectroscopy [2]. Se-
rious questions have been raised concerning the effec-
tiveness of the LEND CSETN for actually returning a
sharper map of the lunar epithermal neutron flux [3, 4, 5].
A number of recent papers by the LEND team have re-
asserted that the collimated detector does have a 10 km
footprint [6, 7, 8, 9, 10]. This work will use data from
both the LPNS and the LEND CSETN to create a uni-
fied, consistent picture of the available data. The LEND
CSETN commissioning phase data will also be used to
help discriminate between the two points of view.

Global maps of the neutron count rate

The LEND uncollimated Sensor for EpiThermal Neu-
trons (SETN), which is strapped to the outside of the col-
limator, gives an obvious first check of the data from the
CSETN. The purpose of a collimated neutron detector is
to produce a sharper version of the blurred map that an
omnidirectional detector would measure. Whole-Moon
maps, determined by [7], are shown in figures 1 and 2,
from which it can immediately be seen that the CSETN
is measuring not a sharper map, but a map of something
else. The lunar variation is being driven by neutrons with
different energies in the SETN and CSETN cases. In
fact, the CSETN map bears some resemblance to maps
of higher energy neutrons, of the sort that would make
it through the collimator walls [7]. If the lunar compo-
nent of the CSETN count rate is dominated by neutrons

Figure 1: A Robinson projection of the smoothed
(FWHM=60 km), ‘background subtracted’ LEND SETN
count rate map from figure 16 of [7].

Figure 2: A Robinson projection of the smoothed
(FWHM=120 km), ‘background subtracted’ LEND
CSETN count rate map from figure 10 of [7].

that did not originate within the 10km footprint field-of-
view (FOV), then the effective FOV of the CSETN will
be much larger than this.

The altitude dependence of the CSETN count rate

The best way to determine the fraction of the count rate
coming from within the FOV is by using the variation of
count rate with altitude [5]. This works because the to-
tal CSETN count rate can be split into three components,
each of which has a different altitude dependence. The
neutrons counted by the LEND CSETN originate from
cosmic rays striking either the spacecraft (‘spacecraft-
generated neutrons’) or the Moon. The lunar neutrons
can be split into components that are collimated, which
originate from within the collimator FOV, and uncolli-
mated, originating from outside the FOV of the collima-
tor, but with sufficient energy to reach the detector after
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scattering from material in the spacecraft.
As the Moon appears approximately constant surface

brightness in epithermal neutrons and the collimator an-
gular FOV is fixed, provided that the collimator FOV is
filled with the lunar surface, then the lunar collimated
flux should not depend significantly upon LRO altitude.
The lunar uncollimated flux decreases with increasing al-
titude because the solid angle subtended by the Moon
decreases with increasing detector altitude. However, the
spacecraft-generated count rate increases with altitude as
the Moon occludes fewer cosmic rays.

Correlations between longitude, latitude and altitude
for LRO were accounted for using global templates for
the three components [5], to show that the count rate de-
creases with increasing altitude. The most likely model,
which provides a good fit to both the spatial and alti-
tude dependence in the data, contains less than5% of
the LEND CSETN flux in the lunar collimated compo-
nent,42−46% in the lunar uncollimated component, and
51−55% in spacecraft-generated counts. In contrast, the
component fractions asserted by the LEND team [2, 11]
are ruled out by the data. The decrease of the typical
count rate with increasing detector altitude can only be
matched if the uncollimated lunar flux, which has this
trend, can overcome the opposite trend imprinted by the
spacecraft-generated component. If the bulk of the lunar
epithermal flux is actually collimated, as asserted by the
LEND team, then the lack of lunar uncollimated counts
implies that the count rate should increase with increas-
ing altitude.

This work will extend the altitude-dependent analysis
using newly available data, including that from the com-
missioning phase, where LRO was in a highly elliptical
orbit. Such data is, according to [8], “... the important
part of the instrument in-flight calibration, because it is
measured at variable altitude ...”. It is also important be-
cause the sensors were operating continuously through-
out this period and were thus not subject to the significant
and discontinuous changes in efficiency that are evident
during the mapping phase of the mission [5]. Given that
these∼ 20% changes in count rate dwarf the∼ 1% sig-
nal that is being sought, using the commissioning phase
data will avoid having to deal with this large systematic
effect.

The newly published arguments provided by the
LEND team to support their favoured component frac-
tions will also be subjected to critical testing using a
combination of both LPNS and LEND data, with a view
to determining what knowledge can be gained from the
LEND CSETN data set. If the inferences of the LEND
team concerning the footprint of the CSETN are not sup-

ported by the data themselves, then this would imply that
their conclusions concerning the hydrogen distribution
near the lunar poles will also be incorrect. This follows
not merely because the assumed blurring of the underly-
ing map will have been wrongly estimated, but also be-
cause the conversion from neutron count rate to hydrogen
abundance depends upon the neutron energy, and the lu-
nar collimated and uncollimated neutron count rates do
not vary identically with hydrogen abundance.
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