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Fig. 1 Schematic diagram of lunar formation logging scenarios
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Fig. 2 Schematic diagram of elemental analysis despectral
optimization process
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Fig. 4 Calibration setup of detector response function
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Fig.8 Schematic diagram of simulated well and its testing layout
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Table 2 Elemental content analysis and error analysis of 11
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Fre TR ZEEEY%  SWER%  HREY%
1 H 0.85 0.92 0.07
2 c 7.07 7.13 0.06
3 N 0.70 0.50 0.20
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5 F 1.02 1.12 0.10
6 Al 0.83 1.01 0.18
7 Mg 13.50 13.94 0.44
8 Si 3.02 3.09 0.07
9 p 6.50 6.78 0.28
10 Ca 16.50 16.22 0.28
11 Fe 0.95 0.78 0.17
12 He 16.29
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Pulsed Neutron Elemental Composition Analyzer for Extraterrestrial

Planets Exploration

WANG Zhijian', ZHANG Yonggiang’, ZHANG Fei’, MA Tao’, ZHAO Haifeng”', ZHANG Zhe',
HAN Rujin’, WANG Fufu’, MU Ruinan’, WANG Ke’
(1. East China University of Technology, Nanchang 330032, China;
2. Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023, China;
3. Technology and Engineering Center for Space Utilization, Chinese Academy of Sciences, Beijing100094, China;
4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to simulate the strata of the Moon, a miniaturized high-yield neutron generator and an integrated neutron-
gamma spectrometer were designed, and an elemental analysis library and a solution method were established, a simulated well and a
ground verification platform with known element content were constructed, enabling the realization of quantitative analysis for
primary elements, rare elements, and other elements within the simulated lunar subsurface. The neutron generator has a yield of
between 107 and 108 N/s (corresponding to pulse and DC modes, respectively), and the detection time is in the order of minutes,
which can achieve an accuracy of 5%. A breakthrough in the key technology of lightweight miniaturization for neutron-gamma
spectrometers in planetary exploration missions has been accomplished through this research. This achievement has established a

strong foundation for future endeavors in payload space engineering.

Keywords: lunar exploration; pulsed neutron element analyzer; spectral solving algorithm; aaa; lunar Gamma spectrometer
Highlights:

e A new technology for detecting the composition of chemical elements based on the combination of neutron generator and gamma
spectrometer on the Moon was described

e The analysis of the content of 14 elements was successfully enabled by the despectral algorithm.

e For the first time in China, the 1-inch diameter gamma spectrometer was successfully applied to the pulsed neutron element
analysis test, the neutron yield was better than 1 x 10, and the detection accuracy of key elements was 0.44%.

e [t has achieved a major breakthrough in the key technology of lightweight and miniaturization of gamma spectrometer and neutron

generator for space application, laying a solid foundation for future aerospace engineering.
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