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Introduction: This paper highlights lunar neutron 

science that can be performed in support of the Artemis 
2024 mission within 6 degrees of the lunar south pole. 
There are two primary science goals: (1) the characteri-
zation of the radiation environment, and (2) secondly, 
inference of regolith composition including the pres-
ence of water. Characterizing the surface radiation en-
vironment is important for risk identification and miti-
gation for future crewed lunar missions. The lunar sur-
face radiation environment includes a unique neutron 
contribution. The relative contribution from neutrons is 
higher outside the shielding effects of Earth’s magnetic 
field, which the Moon experiences for ~25% of its orbit. 
During the majority of the Moon’s orbit, the lunar sur-
face interacts directly with the solar wind and galactic 
cosmic rays (GCR). To evaluate the radiation risk to as-
tronauts at the lunar surface, fast neutron measurements 
are needed. Neutrons are generated when high energy 
particles such as GCRs or SEPs collide with the lunar 
regolith and provide valuable elemental composition in-
formation about the near surface (< 1 m). For the char-
acterization of regolith composition, a low energy neu-
tron spectrometer or counter can determine surface 
composition. This provides ground truth for orbital neu-
tron data from the Lunar Reconnaissance Orbiter and 
Lunar Prospector missions. 

Neutron Science Objectives: The objective of this 
investigation is to determine the amount of neutron ra-
diation at the surface of the Moon by measuring the 
thermal and epithermal count rates, and the fast neutron 
spectra. It is important to understand the amount of neu-
tron radiation at the lunar surface because it is a hazard 
to humans [1], and also to understand the Moon’s near 
surface composition in terms of elemental abundances 
[2], and hydrogen content [3]. Measurements of neutron 
radiation on the Moon’s surface have previously been 
made from the lunar surface at Apollo 17 [4], and from 
orbiters including the Lunar Prospector Neutron Spec-
trometer [5] and Lunar Reconnaissance Orbiter (LRO) 
Lunar Exploration Neutron Detector (LEND) [6]. A re-
cent multi-fluid simulation of the Magnetosphere 
demonstrated a polar base will experience twice as 
much radiation as one at the nearside equator [7]. Ob-
servations of the fast neutron spectrum at the lunar south 
pole will provide characterization of the surface radia-
tion environment and will help assess future base and 
EVA activities. 

Neutron measurements made at the lunar surface 
will improve the detail and reliability of the data gath-
ered during orbital missions providing ground truth, and 

could also help identify hydrogen, rare earth elements 
(REE), and differentiate between mafic and anorthosite 
chemistry, all of which contribute to a fundamental un-
derstanding the Moon’s geologic processes that con-
tinue to shape it today [8]. These measurements may 
also help better understand the temporal variation of hy-
drogen throughout the lunar day [9]. 

Neutron Moderation Theory. Protons emitted 
from the Sun and ‘cosmic-rays’ (the nuclei of elements 
like hydrogen, helium, carbon and iron from sources in 
the Milky Way Galaxy such as supernovae), strike the 
lunar surface initiating nuclear reactions and generating 
fast neutrons. These fast neutrons lose energy through 
collisions, exchanging kinetic energy with target atoms. 
They may escape the surface as a fast neutron (>1MeV), 
a less-energetic ‘epithermal’ neutron or continue to scat-
ter until reaching thermal equilibrium with the sur-
rounding medium. Thermal and epithermal neutrons are 
the result of these collisions and moderation, or slowing, 
of the fast neutrons [10, 11]. These slower-moving neu-
trons, known as ‘thermal’ neutrons, have energies less 
than ~0.4 eV, while having started out with energies on 
the order of one to hundreds of MeV. The amount of 
energy lost by the neutron per collision is driven by the 
relative size of the colliding nucleus. The presence of 
hydrogen, therefore, greatly increases the conversion of 
fast neutrons to thermal neutrons since collisions with 
the roughly equal-weight hydrogen is most effective at 
slowing them down. By analogy, consider a ping pong 
ball (the neutron) scattering persistently around a room 
full of bowling balls (atoms of regolith), but rapidly set-
tling when encountering a bin of other ping pong balls 
(hydrogen atoms). 

Neutron measurements at the lunar surface would 
support the development of future habitation of the lu-
nar surface. Hydrogen or water on the lunar surface can 
support in-situ resource utilization (ISRU), such as the 
production of propellants or life support replenishment. 
The amount of thermal neutrons is also a very sensitive 
indicator of the presence of neutron-absorbing elements 
such as iron, titanium, gadolinium, and samarium. The 
ISRU community is very interested in titanium and iron 
alloys that might be present on the Moon and which 
could be used for additive manufacturing of parts or 
components on-site at a lunar surface habitat. Gadolin-
ium and samarium are indicators of the possible loca-
tions for other rare earth elements. These elements are a 
critical ingredient in many high-tech applications such 
as computers and smartphones and are part of the focus 
of the “Subcommittee on Critical and Strategic Mineral 
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Supply Chains of the Committee on Environment, Natu-
ral Resources, and Sustainability of the National Sci-
ence and Technology Council” [12]. 

Proposed Investigation Instruments: MSFC has 
developed two instruments of interest for this investiga-
tion. This includes the Advanced Neutron Spectrometer 
- Lunar Surface Measurements (ANS-LSM) instrument 
which covers the most biologically significant energies 
from thermal to ~20 MeV. The ANS-LSM is based on 
heritage instrument design from the Fast Neutron Spec-
trometer (FNS) that has measured the ISS crew neutron 
exposure for the past 3 years, and documented the sig-
nificant neutron contribution to the total radiation expo-
sure.  

Also included is MSFC’s Neutron Measurements at 
the Lunar Surface (NMLS) instrument, which will fly 
on Astrobotic mission 1 in 2021, as a part of the first 
Commercial Lander Payload Services (CLPS) mission. 
NMLS measures thermal and epithermal neutron count 
rates using similar composite scintillator detectors to 
FNS. The NMLS instrument is a low mass (~4 kg), low 
power (~5 W), low volume (~20 x 17 cm), and low data 
(~10 bps) passive radiation monitoring instrument capa-
ble of providing high science return. 

Measurement Technique: The novel neutron de-
tectors proposed here rely on a composite scintillator 
that combines two types of scintillators. Hundreds of 
120-micron, 6Li-doped glass fiber scintillators embed-
ded within a plastic scintillator cube. The characteristic 
light pulse from the glass scintillator is distinct with a 
much longer decay time than that from the plastic scin-
tillator and clearly indicates that a neutron has been cap-
tured in the glass scintillator. The electronics performs 
pulse shape discrimination in real time that allows the 
instrument to trigger on thermal, epithermal, or fast neu-
trons while rejecting other types of radiation, primarily 
gamma-rays and charged particles that lack the distinct 
neutron capture signal produced by the Li-loaded fibers. 
The thermal and epithermal neutron populations are dis-
tinguished by subtraction of the count rates from 2 iden-
tical counters, one encased in Cd and the other Sn. We 
estimate a count rate on the order of 0.1 Hz for the 
NMLS on the lunar surface. The fast neutron spectrum 
is measured with ANS-LSM using the proton recoil sig-
nals generated in the plastic scintillator before the mod-
erated neutron is captured in the Li-loaded fibers. This 
technique has been developed for the ISS and thor-
oughly tested over the past 3 years.  The ANS-LSM neu-
tron counting rate will exceed 10 Hz on the lunar sur-
face. Therefore, a mission duration of eight days or 
more will be sufficient  time to determine the amount of 
thermal, epithermal, and fast neutrons at the landing site 
and advance the science and exploration objectives. 
These observations can be made autonomously on the 

lander, on a rover and/or carried by the Astronaut to var-
ious interesting locations within the landing site. 

 
Figure 1. NMLS engineering model is shown, 
without the top and front plates, showing twin 
scintillator detectors, electronics, and harnesses 
enclosed in an alodined aluminium casing. The 
engineering model is functional, and has undergone 
calibration testing. 

 
Figure 2. MSFC’s FNS instrument onboard the ISS. 
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