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Abstract The Chang’E-7 lunar mission, scheduled for launch in 2026, has the primary scientific ob-
jective of detecting water-ice deposits within the Permanently Shadowed Regions (PSRs) at the lunar
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south pole. Understanding the distribution and concentration of lunar water ice is crucial for both funda-
mental science and future In-situ Resource Utilization (ISRU). In this study, we developed a high-fideli-
ty model of the Chang’E-7 Lunar Neutron and Gamma-ray Spectrometer (LNGS) payload using the
Geant4 toolkit (Version 10.07.p02) and established a quantitative inversion relationship between lunar
surface water content and epithermal neutron count rates. The LNGS model, constructed by importing a
detailed CAD model into Geant4, was rigorously validated against neutron beam calibration experi-
ments conducted at the China Spallation Neutron Source (CSNS) Back-n facility. The results are as fol-
lows. The detector model shows excellent agreement with experimental data across the 0.4 eV to 1000
eV energy range, with a relative error of less than 6%, confirming the accuracy of the mass modeling and
simulation setup. LNGS exhibits significant capability in discriminating soils with varying water content,
as evidenced by both simulation and ground-based validation experiments using layered soil and water
samples. Within the water-ice content range of 0.01% to 20%, simulations of Galactic Cosmic Ray
(GCR) bombardment and subsequent neutron transport show that the epithermal neutron (400~ 700
keV) count rate decreases significantly with increasing hydrogen abundance. This relationship follows a
modified Lawrence model with an exceptional coefficient of determination (R2 = 0.9993). The slight pa-
rameter differences compared to the original Lawrence model are attributed to the different simulation
tools, lunar regolith composition models, and distinct detector designs and energy responses between
LNGS and the Lunar Prospector neutron spectrometer. This study provides a robust theoretical frame-
work and a specific, validated inversion model for interpreting Chang’E-7 orbital neutron data, directly
enabling the mapping of hydrogen concentrations from measured count rates. It establishes fundamental
technical support for the development of in-situ resource utilization technologies on the Moon and paves

the way for high-precision assessment of water ice resources in the lunar polar regions.

Key words Geant4, Neutron and Gamma-ray spectrometer, Lunar polar regions, Water-ice content

313

0 5%

BRI A A B IX (PSRs) HK K9IBS
M ATIR 2 R ) T R H bR —. KUK
FEAA X A 1 Bk b 8 LSS e R (ISRU)
HAT T AR S, W R PR B 2R I 4 0943045 S i AL
i g 4R T e =M AR SRR BR AR X
PSRs 4 R 4K T 110 K, fefg K IR A2k vk
2t Z P B, A7 B X I, H AT R RER e 1
PSR 2 i ) 52 77 15 /0 5 HL % 2 ) 5 5 M iy 7k vk .
SRR F 2 /K KIS0 A A (R . BEIRE L 25 i) 53 R
P2 ) AP AEAE R4S, AR AT 1o 328 SRR T T B A
ERE RO TR — A e B

FE2EA T BRICRERI A R AUR AT R IR b, A
FRLR (GOR) 227 8] W7 55 14 7 2L 3 T D3 s e
S 7 A R R R P R h el S R R T
P A S R A 2K R, B AP TS B
Wk B ] . A S FILT ARSI i, 1]
DA A5 b3 Ao 3 R et b i 2 BT A G

ST UEB, W kR Y AR T T AR
4x10 '~500 keV, 5 R U i i P i
PRI T Be W o A7 B AR SR T A0 B AE E B 1152
IR

R T 2026 4R ST B T BRI &,
TFJE PSRs B i /K pKER TN H 2R ARz —.
W gL S RN g BB % | A Rl L KL AR AR
ATHRIEZRALR . R T E X (LNGS) 1B
PUB AT, 55 T iX R B, BUHEZ
17 8 4. LNGS 3 2 i) £ 4l [X B 3/ v 38 k15 205 1 B
UM SRS 00T rb 3 A G (EDR S T B X
(H) &A1, PR 238 Fir i o 40 55 = Bt ar
H & & S i s Z WO R, DMERE -t
BEEAEAG R T SMHT e H 5 i

Geant4 (Geometry and tracking 4) s&—{>TH 1]
XFRAIHE T B, AL/ o b i iz ik
&, N5 e (CERN) ERHF %, T2 0
AT eV B, BB BE 3| 25 ()4 S R0 <5
ik



314

ASGEAE Geantd HHJH LNGS B il #&
T 2k i H 3k A b IR R A AE RN 25 9 7= A=
U A FE, 253 LNGS % mseh 75k
A /KEZ AR, @ b A ibe e L
AR 28 AR A o Af P LA S ER I K 207 5 A B

1 A Bk

H Bk b A% (LNGS) i i Wi A % oh 1
W S L AR, ScExt4 H i (R K
AWK R EZE Lt em Z 1 m %) KIKIAR L
Fe F i o0 E F A R B I A X BRI A A
FREL 3 AN REBE (B 7 700~ 5000 keV, ##p 1
4x10 *~700 keV, #FT<0.4 eV) Ff Tl fE

LNGS H1 8 4B R A [F] (14 o =7 H 0 20 B A 1)
ST 5 VAR TE F D0 245 25 270 R ] £ 0 D S 4 8 00 25 4 i
HEM A 1(a) Bros . J 745 00 o0 R A B 2
EJ254 TS50 SRR R A4, RS A2 1 A AR
s R RSN 1(b) iR, 5 E A% 3.8 cm 11 R3886 A
RIS SCHUAS RS, = A7 b P B SR T R
KM 0.63 mm AR, RIS g5y
LRARMZE R FH A2 B4R 7.6 cm VRALET A KRAR 5 85
k1 R6233 GHLE RS . T FHRIN#S B3 R VE R i
FEATRIES , P00 S R0 25 v Ay B b A IR

Cadmium Photomultiplier (a)

| Detector (NUD)

Detector (GRD) Electronic box
(b)

4 cm

=

8.5cm

Bl 1 Gl A Ekeh P ik 54 (a) S
EJ254 fARST (b)

Schematic of the Chang’E-7 lunar neutron and

5cm

18 cm

Fig. 1
gamma-ray spectrometer (a), and size of the EJ254

scintillator of a detector unit (b)

Chin. J. Space Sci.
2 BTk

HAAE Geantd 10.07.p02 frA< 347, Y3z %
*M7T QGSP_BERT_HP.

2.1 REEE

Geant4 7] DL 4744 — S6 A0 00 i) JLAT 44, {H &
FIEF] LNGS NHEBEE MR E 22, RASNE AR
AR B 2§ A JLART AR Y . 1] R AR AR AR F Solid-
Works H1A4 % 1) A3 54 CAD (HFLE Bk
TF) R AR PSR AN R 3 A B st A% S0,
T A B R AL B A A 1 B DL R R A L]
CADMesh & T¥ CAD AL k-3 R 1) T
B LR 240 CAD BRI 43 R iF 2 DU R 575
T A PR A& 2854, A A TR, 7E Geantd rf HfT 2
163k SCF v i A CADMesh.hh 3C {4 0] DL S 38 42 44
CAD R B3 5 AR . SR 5 ARG AR [R50 B
R, BT 52 i LNGS 78 Geant4 N 5 f
B, AN 2 fiis.

BRI AW 2. 25—, 153 H HEARTR 5K
GO T Bk - RE; 55 0, HIZRRISE N7
I PR AR R Z8 N 10 om Ab SR AT L, 15 3
LNGS X H i v 20 ST o b ek,

1E Geantd FHFEE—A4- 420 1738.1 km ER{K
VB A BRI, ARk B T8 A 5 AR & oK
AR AY), B 1.6 g-em °, JHEF 273 K. T4 H
BT s T 1 KT AR E T 10 A
B, ARk 0, 0.01%, 0.1%, 0.2%, 0.5%, 1%, 2%,
5%, 10%, 20%.

wEAFFIR 2026, 46(2)

Kl 2 7E Geantd WHIH LNGS JLfifEiR
LNGS geometry model built within Geant4

Fig. 2



i3

&

2.2 FHHEKERZE

GCR PPk A K FH R SMA £ )[R 11 5= e
HHLRL T4k, GOR % B K2 89% RIE . 10%
B o BT A1 1% P EEARZ LA, X B RS RS o b
F. TERMHAEN, HERZ @2 mE GCR 1
Ae oA LA Gl &, VB T A Bk 09 2 086 5 09
GCR figi.

JEIA 14 5 T e R A A o R

37“1412 T+ 067 —3.93
A, TRIRNFHLETT3I6E (A0 GeV), BRI
THESCHEZIL. ST ok FUCNHIEIEFRr REig
S5RFAMHE, REERLEE A 0.11. £d HERE
REH IR GOR RERERIAI L 2
E? — E?

(E + &) — B2 (2)
Hrf ERK I BRER; E MR FIFS R, i
F E, = 938 MeV, o $iF E=3727 MeV. O HK T %5
i HERZ G AT B RE i e, Hat B A h

7
b, = e@j.

J(T) = Jo(T + @)

(3

=

o, e i R TR s 25 A S1 3R LR
#1 TRAWMTRAS

Table 1 Dry lunar soil elemental composition
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K 726.24 x10°
Ca 0.07541
Ti 0.05144
Cr 0.00287
Mn 0.00176
Fe 0.13496
Sm 8.3342 x107°
Eu 1.8164 x10°
ad 10.997 x10°
Th 0.9449 x10°
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Table 2 Science data of the water content experiment
S5 s BB /keV
12+ 1 1 12.6~25.1
1E++12K  0.351340.00466  0.33894-0.039 39.8~63.1
VZE+2Z/K  0.310340.00438  0.3086-+0.031 100~199.5
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