0254-6124/2026 /46(2)-0444-10 Chin. J. Space Sci. — EAFF R

HOU Donghui, ZHANG Shenyi, SHEN Guohong, ZHANG Xianguo, QUAN Zida, WANG Liping, YUAN Bin, ZHANG Huanxin, WANG Chunqin,
ZHU Guiping, FANG Meihua. Calibration and Simulation Analysis of the Medium-energy Proton Detector on Chang’E-7 (in Chinese). Chinese
Journal of Space Science, 2026, 46(2): 444-453. CSTR:32142.14.¢jss.2025-0109. DOI:10.11728/¢jss2026.02.2025-0109

WA T AL SR A BAT B AR &
EE-ESHheERFIRNSNEFRAAED T

A HEx Y wEa Y kEE Y
Ry EZmEY ' R kew
IRET AT rE4]

(P EBEBEE R = BE2E G JE3T 100190)
2(RFEA MG T S50 % L5 100190)

3(PEEBERERS  Jbat 100049)

AFFA R IEMIR 2B Mo 210016)

H OE RS E R RS> R G BRI PR TR 25 PR RSB S 1) T,
AT AR A R I H ) H BB R T A RE IS AR (0.03~30 MeV), A H BRok; T4 S 3045 A DL Rk A& A 553 B
P 25 PR R T RS S A R e T RN g e T A AR [ A, R D L 2 S L BT T A RE R AR AE
S G AR 285 5 DT BE L S B A AR B S0 U, 38 1 sk 95 55 565 05 BLARES & 1 7 i i Ak B s e P il i
R, BN S RE =20 B I 22 00 T 3%; PLrFISJRBI7E 1.4 MeV K UUF, T 94%; WK Rk JLA E +F
PIEHR 0.053 cm st by W Hb A LA T34 0.3041 cm st ' EFREE R M e USRI HE AL T nl S35,
JITEENT ) R B ELAR RN AR A 3R B VRS A R BRI S A LA S B A T L

KBEIR] WL, PRES TR, AR 2, MRS, GEANTY (K

hESES VT

Calibration and Simulation Analysis of the Medium-

energy Proton Detector on Chang’E-7

HOU Donghuil’2 ZHANG Shenyi'*®  SHEN Guohong™®  ZHANG Xiamguol’z’3
QUAN Zida'?  WANG Liping” YUAN Bin'? ZHANG Huanxin"?
WANG Chungin'?  ZHU Guiping' FANG Meihua

1(National Space Science Center, Chinese Academy of Sciences, Beijing 100190)

2(Beijing Key Laboratory of Space Environment Exploration, Beijing 100190)

2025-07-01 W H 545, 2026-01-30 Y EME E

©The Author(s) 2026. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses/by/4.0/)


32142.14.cjss.2025-0109
32142.14.cjss.2025-0109
https://doi.org/10.11728/cjss2026.02.2025-0109
https://doi.org/10.11728/cjss2026.02.2025-0109
https://doi.org/10.11728/cjss2026.02.2025-0109

1EFHE 5 AR T P AR TR 3B 69 TAREAT A5

3(University of Chinese Academy of Sciences, Beijing 100049)

4(College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016)

Abstract The bidirectional Medium-Energy Proton Detector (MEPD) onboard the lunar surface
exploration subsystem of the Chang’E-7 lander represents the first-ever implementation of dual-direction
medium-energy proton measurements on the Moon. It is capable of providing spectral data of upward-
and downward-directed medium-energy protons in the range of 0.03~30 MeV, offering crucial support
for modeling the lunar particle radiation environment and for radiation protection in future crewed
lunar missions. The unique challenges of ground calibration for the MEPD were addressed in this study.
An electron accelerator was employed to achieve proton-equivalent energy calibration, while the full
energy range was validated by analyzing the deposited energy of penetrating high-energy protons. In ad-
dition, the suppression capability against electron contamination was quantitatively evaluated through a
combined approach of accelerator experiments and numerical simulations. The results show that the
detector’s energy calibration deviation is better than 3%, its electron-rejection efficiency exceeds 94% for
energies at or below 1.4 MeV, and the average geometric factors of the upward-and downward-facing
detectors are 0.053 cm “sr ' and 0.3041 cm “sr ', respectively. These calibration results provide a
reliable foundation for in-orbit data inversion. Furthermore, the established calibration and simulation
framework offers valuable reference for the future calibration of lunar and deep-space charged-particle
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detectors.
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