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Introduction: High energy cosmic rays constantly
bombard the lunar regolith, producing secondary “al-
bedo” or “splash” particles like protons and neutrons,
some of which escape back to space. Two lunar mis-
sions, Lunar Prospector and the Lunar Reconnaissance
Orbiter (LRO), have shown that the energy distribution
of albedo neutrons is modulated by the elemental com-
position of the lunar regolith[1-4], with reduced neu-
tron fluxes near the lunar poles being the result of col-
lisions with hydrogen nuclei in ice deposits[5] in per-
manently shadowed craters. Here we investigate an
analogous phenomenon with high energy (~100 MeV)
lunar albedo protons.

CRaTER Instrument: LRO has been observing
the surface and environment of the Moon since June of
2009. The CRaTER instrument (Cosmic Ray Tele-
scope for the Effects of Radiation) on LRO is designed
to characterize the lunar radiation environment and its
effects on simulated human tissue. CRaTER's multiple
solid-state detectors can discriminate the different ele-
ments in the galactic cosmic ray (GCR) population
above ~10 MeV/nucleon, and can also distinguish be-
tween primary GCR protons arriving from deep space
and albedo particles propagating up from the lunar
surface.

Summary of Results: We use albedo protons with
energies greater than 60 MeV to construct a cosmic ray
albedo proton map of the Moon. The yield of albedo
protons is proportional to the rate of lunar proton de-
tections divided by the rate of incoming GCR detec-
tions. The map accounts for time variation in the albe-
do particles driven by time variations in the primary
GCR population, thus revealing any true spatial varia-
tion of the albedo proton yield.

Our current map is a significant improvement over
the proof-of-concept map of Wilson et al.[6]. In addi-
tion to including twelve more months of CRaTER data
here, we use more numerous minimum ionizing GCR
protons for normalization, and we make use of all six
of CRaTER’s detectors to reduce contamination from
spurious non-proton events in the data stream.

We find find that the flux of lunar albedo protons is
indeed correlated with elemental abundances at the
lunar surface. In general the yield of albedo protons
from the maria is 1.1% * 0.4% higher than the yield
from the highlands. In addition there appear to be lo-

calized peaks in the albedo proton yield that are co-
located with peaks in trace elemental abundances as
measured by the Lunar Prospector Gamma Ray Spec-
trometer.
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Figure 1. Grayscale (Top) and color-coded (Bottom)
lunar albedo proton maps. Middle: Clementine white-
light mosaic of lunar surface.
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