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Introduction: In this study, we characterize the 

contribution of the galactic cosmic rays (GCR), lunar 
neutrons, and secondary particles components to the 
Lunar Exploration Neutron Detector’s (LEND) Colli-
mated Sensor for Epithermal Neutrons (CSETN) and 
Sensor for Epithermal Neutrons (SETN) observational 
data to calibrate the CSETN and SETN detectors. This 
new calibration algorithm enables us to predict 
LEND’s observations at any given time. 

In addition to mapping the spatial distribution of 
hydrogen over the Moon and sensing water deposits in 
the permanently shaded regions at the lunar poles, the 
LEND is tasked with determining the neutron contribu-
tion to the total radiation dose at an altitude of 50 km 
above the Moon [1]. LEND’s CSETN is a system with 
a ~10 km diameter (FWHM) field-of-view coverage of 
the lunar surface at a 50 km orbital altitude [2]. The 
CSETN spatial resolution and count rate were chal-
lenged by [3] based on the LEND team’s assessment of 
uncollimated background contributions. In this study 
we provide a new CSETN and SETN calibration algo-
rithm by cross comparing the results of Monte Carlo 
simulations, ground calibration data taken in Dubna 
[4], and cruise and on-orbit observations. Our objective 
in this study is to review and present the results of our 
new calibration methods. In this study we analyse both 
the omnidirectional SETN and the collimated CSETN 
observations, by which we can produce a multiple spa-
tial resolution neutron maps of the Moon’s south pole 
[5] and north pole [6] as an integratal part of achieving 
the LEND mission objectives.  

The SETN and CSETN detectors are helium-3 
(3He) proportional counters that are operated in the 
proportional mode where the individual pulses of neu-
tron capture events are registered. The total detected 
signals of SETN and CSETN can be decomposed into  
1) lunar neutrons, 2) GCR protons and alpha particles, 
and 3) secondary particles induced by lunar neutrons 
interacting with the LRO spacecraft or the LEND as-
sembly. The solar modulation potential, the LRO 
spacecraft altitude and the individual detector efficien-
cies are additional factors that will change the count 
rates. A change in the solar modulation potential caus-
es changes in both the GCR flux and energy distribu-
tion and results in a change of the lunar neutron leak-
age flux. We used the Oulu Neutron Monitor data and 

the Heliospheric modulation of cosmic rays model [7] 
to adjust the LEND observations to the same solar 
modulation potential of its commissioning phase ~ 260 
MV. 

The proton or triton created from the 3He(n,p)3H 
reaction ionizes and excites the atoms along its path 
until its energy is exhausted. The GCR protons and 
alpha particles of energies in the range of few hundreds 
of MeV can be detected by 3He detectors since they 
have a pulse signature similar to 3He neutron capture. 
CSETN detectors are surrounded by neutron-absorbing 
materials to absorb thermal and epithermal neutrons 
approaching the detectors from large nadir angles. The 
collimator moderates GCR particles to a lower energy 
range when they penatrate the collimator wall. As a 
result ,some of these particles are registered as counts 
in the 3He detectors.  

We investigate the LEND performance as well as 
lunar neutron spallation production and transport with-
in the lunar regolith using the Geant4[8] Monte Carlo 
(MC) neutron transport code. The neutron production 
and leakage lunar neutron spectra produced by our 
calculations are in good agreement with McKinney’s 
results[9]. A complete LEND model was built to simu-
late the ground calibration test results obtained by the 
LEND team at JINR in Dubna, Russia. Our studies 
show that the detection efficiency of SETN’s 3He sen-
sor is the same as that of  CSETN 3He sensors. A 25% 
effiencncy difference between CSETN and SETN 3He 
sensors described in [10] originated because the neu-
tron source had a solid angle and was not a point 
source. Monte Carlo simulations have shown that put-
ting the neutron source 1.5 m from a LEND detector 
with zero degree incident angle will yield a count rate 
ratio CSETN/SETN ~ 1.25. Once the neutron source is 
put farther away from the detector, for example 15 m, 
SETN has the same count rate as the CSETN meas-
urement. The observations from the cruise phase and 
insertion period also suggest that the 3He sensors for 
SETN and CSETN have the same detection efficiency.  

The GCR background contribution to the LEND 
data is proportional to the detectors’ solid angle to the 
open sky, so altitude variations greatly influence back-
ground signals. The LRO spacecraft efficiently blocks 
part of the sky to the LEND detectors and prevents part 
of GCR particles from contributing to the background. 
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Our studies show that the open sky solid angle is about 
2p for SETN and 3p for CSETN instead of 4p for free 
space.  

Results: Figure 1 illustrates the observational 
background contribution from neutrons penetrating 
through the walls of the CSETN collimators. Figure 2 
shows that about 40% of the total neutrons detected by 
CSETN are true “collimated” neutrons, namely where 
their incident angles are within 15o  of the instrument’s 
bosresight. This figure shows that some of the detected 
neutrons approaching the LEND/LRO are at a small 
nadir angle. Quantifying the “collimated” and “uncol-
limated” neutron count rates is crucial for translating 
the observed lunar neutron count rate maps into water 
equivalent hydrogen (WEH) maps. Figure 3 demon-
strates that we are able to correct every single observa-
tion of SETN and CSETN data by using LRO altitude 
information in addition to Oulu ground-based neutron 
observations  needed for the Solar modulation correc-
tion.  

Conclusions: Our studies show that the SETN’s 
3He detector efficiency is the same as the efficiency of 
the CSETN’s 3He detectors. The ratio of SETN back-
ground noise to the total signal is relatively low, thus 
one can integrate all channels instead of using high 
channels only. This allows us to recover SETN obser-
vations after May 2011. We plan to translate the neu-
tron flux maps into WEH maps by comparing the ob-
servations and the predicted count rates for each  of the 
detectors.  
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Figure 1. (Blue) The original energy distribution of 
the CSETN’s total detected neutrons approaching the 
LEND/LRO at 50 km altitude. (Red) The energy dis-
tribution of detected neutrons before entering the 
CSETN 3He detectors. (Green) Energy distribution of 
the detected neutrons with an incident angle greater 
than 15o, i.e. uncollimated neutrons.  

Figure 2. Top: (Blue) Total detected lunar neutrons, 
(Red) direct hit neutrons – without colliding with the 
collimators, other detectors or the LRO spacecraft 
body, (Green) detected scattered lunar neutrons. Bot-
tom: Surface plot of the energy and incident angular 
distribution the CSETN’s detected neutrons. 

 
Figure 3. (A) Black – the observed CSETN high 

channel (Channel 7 to 15) total count rates, Blue – the 
predicted CSETN high channel count rates using Oulu 
neutron data and the LRO altidude. (B) Black – the 
observed SETN total count rates, Red – the predicted 
SETN total count rates. 

2072.pdf49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)


