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aRadiation Monitoring Devices, 44 Hunt Street, Watertown MA 02472; bUniversity of Arizona, 
School of Earth and Space Exploration, Tempe, AZ 85287-6004, cCatholic University of America, 

620 Michigan Ave., N.E. Washington, DC 20064 

ABSTRACT  

There is strong evidence that water-ice is relatively abundant within permanently shadowed lunar surface materials, 
particularly at the poles.  Evidence for water-ice has been observed within the impact plume of the LCROSS mission and 
is supported by data gathered from the Lunar Exploration Neutron Detector (LEND) and the Lunar Prospector Neutron 
Spectrometer (LPNS).  Albedo neutrons from the Moon are used for detection of hydrogen, where the epi-thermal 
neutron flux decreases as hydrogen content increases.  The origin on the concentration of water within permanently 
shadowed regions is not completely understood, and the Lunar Polar Hydrogen Mapper (LunaH-Map) mission is 
designed to provide a high-resolution spatial distribution of the hydrogen content over the southern pole using a highly 
elliptical, low perilune orbit.  The LunaH-Map spacecraft is a 6U cubesat consisting of the Miniature Neutron 
Spectrometer (Mini-NS).  Mini-NS is not collimated, requiring a low altitude to achieve a higher spatial resolution 
compared to previous missions.  To develop a compact neutron detector for epi-thermal neutrons, the Mini-NS 
comprises of 2-cm thick slabs of CLYC (Cs2LiYCl6), which provide a sensitivity similar to a 10-atm, 5.7-cm diameter 
He-3 tubes, as used in LPNS.  The Mini-NS digital processing electronics can discriminate by shape and height to 
determine signal (albedo neutrons) from background (cosmic rays).  The Mini-NS achieves a total active sensing area of 
200 cm2 and is covered with a cadmium sheet to shield against thermal neutrons. The research and development on the 
detector modules show a robust design ready for space flight. 

Keywords: lunar hydrogen, neutron spectrometer, moon, CLYC, water-ice 
 

1. INTRODUCTION  
There are clear observations of water ice on the lunar surface [1-3].  The Lunar CRater and Observation Sensing Satellite 
(LCROSS) observed larger concentrations of water after impacts from the Centaur booster and Shepherding Spacecraft 
at the lunar southern pole [4, 5].  Data from the Lunar Reconnaissance Orbiter’s (LRO) Lunar Epithermal Neutron 
Detector (LEND) and Lunar Prospector Neutron Spectrometer (LPNS) indicate a heterogeneous distribution of water on 
scales less than 10 km [6-10].  A primary tool for mapping the water concentration within lunar soil is neutron detection, 
where the neutrons are generated from nuclear scattering of galactic cosmic rays (primarily protons) within the soil.  The 
neutron spectrum generated will be moderated by the soil, and as the hydrogen content increases, the moderation will 
soften (or thermalize) the spectrum to a greater extent.  Counting thermal and epithermal neutrons, spatial and depth 
information on the hydrogen (water) content is possible, while counting the epi-thermal neutrons alone will provide 
spatial information.  With a known distance of a neutron detector from the surface, geometrical constraints provide a 
map of the neutrons emitted from the surface as a spacecraft orbits.  A side from prospecting, the process leading to the 
water distribution on the lunar surface, particularly in permanently shadowed regions, is not fully understood.  A spatial 
map with high spatial resolution beyond existing data sets of the southern pole (same pole as the LCROSS impact) will 
provide data to understand these processes.  This is obtained by flying a neutron detector close (down to 5 km) to the 
lunar surface.   
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