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Introduction
• NASA

– Apollo 11, July 1969
– Apollo 12, Nov 1969
– Apollo 13, Apr 1970
– Apollo 14, Feb 1971
– Apollo 15, July 1971
– Apollo 16, Apr 1972
– Apollo 17, Dec 1972
– Lunar Reconnaissance Orbiter, 2008

• Chang’e
– 一号 2007
– 二号 2010
– 三号 2013
– 四号 2018
– 五号 2020
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Apollo 14
• Charged-Particle Lunar Environment Experiment 

– to measure the fluxes of charged particles ( electrons and ions) with energies ranging from 50 to 50 
000 eV
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Apollo 15
• Suprathermal lon Detector Experiment 

– designed to provide information on the energy and mass spectra of the positive ions close to the 
lunar surface (the lunar exosphere)

• Gamma-Ray Spectrometer Experiment
– geochemical mapping of the lunar surface 

• X-Ray Fluorescence Experiment 
– orbital mapping of the lunar surface composition
– for X-ray astronomical observations during transearth coast

• Alpha-Particle Spectrometer Experiment 
– radon map of the Moon

• Lunar Orbital Mass Spectrometer Experiment
– to measure the composition and distribution of the ambient lunar atmosphere
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Apollo 16
• Orbital Science (selected)

– The X-ray Fluorescence Spectrometer Experiment measured the composition of the lunar 
surface.

– The Gamma-ray Spectrometer Experiment measured the composition of the lunar surface.
– The Alpha Particle Spectrometer Experiment measured radon emission from the lunar surface.
– The Orbital Mass Spectrometer Experiment measured the composition of the lunar atmosphere.

• Surface Science (selected)
– The Cosmic Ray Detector measured very high energy cosmic rays from the Sun and other parts of 

our galaxy.

•
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https://www.lpi.usra.edu/lunar/missions/apollo/apollo_16/experiments/x_ray/index.shtml
https://www.lpi.usra.edu/lunar/missions/apollo/apollo_16/experiments/gamma_ray/index.shtml
https://www.lpi.usra.edu/lunar/missions/apollo/apollo_16/experiments/alpha/
https://www.lpi.usra.edu/lunar/missions/apollo/apollo_16/experiments/oms/
https://www.lpi.usra.edu/lunar/missions/apollo/apollo_16/experiments/crd/


Apollo 17
• Orbital Science (selected)

– The Ultraviolet Spectrometer Experiment studied the composition of the lunar atmosphere.
• Surface Science (selected)

– The Lunar Neutron Probe measured the penetration of neutrons into the lunar regolith, which 
helped to measure the overturn rate of the regolith.

– The Cosmic Ray Detector measured very high energy cosmic rays from the Sun and other parts of 
our galaxy.

– The Lunar Surface Gravimeter attempted to detect gravity waves.
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https://www.lpi.usra.edu/lunar/missions/apollo/apollo_17/experiments/use/
https://www.lpi.usra.edu/lunar/missions/apollo/apollo_17/experiments/lnp/
https://www.lpi.usra.edu/lunar/missions/apollo/apollo_17/experiments/crd/
https://www.lpi.usra.edu/lunar/missions/apollo/apollo_17/experiments/lsg/


Lunar Reconnaissance Orbiter
• Launched in 2009 by NASA, still in operation
• Orbiting the Moon at about 50km
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Science mission:
• Environmental characterization for safe access
• Global topography and targeted mapping for site selection and 

safety
• Resource prospecting and assessment of In-Situ Resource 

Utilization (ISRU) possibilities
• Technology “proving ground” to enable human exploration



LRO payloads
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CRaTER
• Designed to characterize the global lunar radiation environment and its biological 

impacts
– galactic cosmic rays (GCR), solar energetic protons (SEP), secondary radiation
– with energies above 10 MeV

98/23/21 Lailin Xu

Space Sci Rev (2010) 150: 243–284

Tissue equivalent plastic (TEP)

Pairs of thin & thick silicon detectors

https://link.springer.com/article/10.1007/s11214-009-9584-8


LEND
• To measure the neutron emission from 

the lunar surface and the local neutron 
background in orbit
– To map the spatial distribution of hydrogen 

over the entire surface of the Moon
– To determine the possible presence and 

abundance of water (ice) at the Moon’s poles
– To measure the lunar neutron flux (energies 

up to 15 MeV)
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Space Sci Rev (2010) 150: 183–207

9 neutron sensors:
Sensor of thermal neutrons (STN, 3)
Sensor of epithermal neutrons (SETN)
Collimated sensor of epithermal neutrons (CSETN, 4)
Sensor of high energy neutrons (SHEN)

https://doi.org/10.1007/s11214-009-9608-4


LEND
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Chang’e 1
• 有效载荷(探月卫星)

– γ射线谱仪 Gamma-ray spectrometer (GRS)
• 测量月表物质的γ射线谱(300keV~9MeV)，探测月表元素的含量和分布

– X射线谱仪 X-ray spectrometer (XRS)
• 测量月表物质的X射线谱(1~10, 25~60 keV)，探测月表元素的含量和分布

– 高能粒子探测器 High Energy Particle Detector (HPD)
• 探测高能带电粒子成分、能谱、通量和分布特性

– 太阳风离子探测器 Solar Wind Ion Detector (SWID)
• 探测太阳风离子能谱
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由３片半导体硅探测器组成



Chang’e 3
• 有效载荷（着陆器）

– 粒子激发X射线谱仪 Active Particle induced X-ray Spectrometer (APXS)
• 探测月壤元素种类及含量
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Chang’e-4
• 有效载荷（着陆器）

– 低频射电谱仪 Low-Frequency Radio Spectrometer (LFRS)
• 太阳低频射电特征和月表射电环境的观测

– 月表中子与辐射剂量探测仪Lunar Lander Neutrons & Dosimetry (LND)
• 测量月表综合粒子辐射剂量

– 中性原子探测仪Advanced Small Analyzer for Neutrals (ASAN)
• 测量月表的能量中性原子，正离子

– 低频射电探测仪Netherlands China Long Wavelength Explorer (NCLE)
• 进行低频无线电试验，开展天体物理学研究
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The Lunar Lander Neutron & Dosimetry (LND)
• provides time-resolved measurements of the 

radiation exposure
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Space Sci Rev 216, 104 (2020)

10 segmented 500 µm-thick Si solid-state 
detectors (SSDs), A–J. 

Detectors B/C, E/F, G/H, and I/J are mounted 
in a sandwich configuration, the inner 
segments of the A and B detectors, A1 & B1, 
span the telescope opening

https://doi.org/10.1007/s11214-020-00725-3


First results of LND
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Science Advances eaaz1334 (2020)

LND measured an 
average dose 
equivalent of 1369 
µSv/day on the 
surface of the Moon 

https://doi.org/10.1126/sciadv.aaz1334


Chang’e-5
• 中国首次月球无人采样返回

– 携带1731克月球样品（Apollo 17: 110.52 kg）
• 有效载荷（着陆器）

– 月球矿物光谱分析仪（Lunar Mineralogical Spectrometer, LMS）
• 实现着陆表取采样区月表目标的光谱探测和分析任务，完成采样区月表矿物组成和分布
分析

– 月壤结构探测仪（Lunar Regolith Penetrating Radar, LRPR）
• 用于月壤厚度和结构探测，为钻取采样过程提供信息支持
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Summary
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Backup
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Neutron energy distribution ranges
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Apollo 15: gamma-ray spectrometer
• construct a radon map of the Moon
• 10 totally depleted silicon surface-barrier detectors, 

each approximately 100 µm thick, having 3 cm2 of 
active area and a 90° field of view, and operating at 
a -50-V bias
– alpha energies from 5.3 to 8 .8 MeV
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The suprathermal ion detector experiment (SIDE)
• Apollo 15 SIDE instrument is basically identical to those 

flown on the Apollo 12 and 14 missions
– only major difference is in the mass ranges covered by the three 

instruments
– approximately 50 eV down to near-thermal energies

• Because the Moon does not have a strong magnetic 
field, the solar wind can impinge directly on the lunar 
surface
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Apollo 17: Lunar Neutron Probe Experiment 
• in situ experimental measurement of neutron 

capture rates as a function of depth in the 
regolith

• to retrieve information about the energy 
distribution of the equilibrium neutron flux

• The LNPE is in the form of a rod that is inserted 
into the lunar regolith to permit the measurement 
of neutron capture rates to a depth of 2 m
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Apollo 17: Cosmic Ray Experiment 
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The total weight of the assembled 
package was 163 g, and the overall 
dimensions were 22.5 by 6.3 by 1.1 cm



Apollo 17: Cosmic Ray Experiment 
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