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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
- —'5 2007
- 52010
- —+5 2013
— /45 2018
— N5 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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FIGURE 10-2.-—Schematic sketch of the CPLEE physical
particle analyzer, showing the deflection plates and
channel electron-multiplier stack.

8/23/21 Lailin Xu



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

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
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CRaTER Space Sci Rev (2010) 150: 243-284

- Designed to characterize the global lunar radiation environment and its biological
iImpacts

— galactic cosmic rays (GCR), solar energetic protons (SEP), secondary radiation

— with energies above 10 MeV Tissue equivalent plastic (TEP)
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https://link.springer.com/article/10.1007/s11214-009-9584-8

L E N D Space Sci Rev (2010) 150: 183—207

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

LEND

Physics of neutron method of measurement of hydrogen (water) in Lunar regolith
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The Lunar Lander Neutron & Dosmetry S(LND

i Rev 216, 104 (2020)

provides time-resolved measurements of the
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https://doi.org/10.1007/s11214-020-00725-3

FI rSt resu ItS Of LN D Science Advances eaaz1334 (2020)

Dmt(p.Gylhour)
in Si

neu(pGthour)
in Si

D

Penetrating flux
(em2 hour™' sr™') D, ,-D, ,,(nGy/hour)

5 > 6 o A
NI
TN

S O O NV AN DD B b O A DO O
IR OISR AR N G SR R RN SRS IR
IR PP PP PP PP P

UT (2019) (month / day of month)

Fig. 3. Temporal evolution of the radiation environment on the Moon as
measured by LND on Chang’E 4 during the first and second lunar day after
Chang’E4 landed. The left-hand panels show data for the first lunar day, and the
right-hand panels show data for the second lunar day. (A) Total absorbed dose rate
measured with the LND B detector. (B) Neutral particle dose rate recorded in the
LND C1 silicon detector. (C) Total absorbed dose rate from charged particles only
[i.e., (A and B)]. The known background from the RTG and RHUs (20) has been sub-
tracted from the values reported in (A) and (B). (D) Temporal evolution of the flux
of penetrating particles. UT, universal time.
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Fig. 4. Linear Energy Transfer (LET) spectra (converted to LET in water) mea-
sured during four different time periods show only small variations. The data
shown as black circles were acquired before lander and rover separation; data
shown in red after the rover left the lander but with the lid still closed; data in pur-
ple: normal operation of LND with the lid open; data in blue: with the Chang’E 4
heater circuit activated toward the end of the lunar day.
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https://doi.org/10.1126/sciadv.aaz1334
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Summary

8/23/21

Lailin Xu

18



Backup
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Neutron energy distribution ranges

Neutron energy range names/?/®!

Neutron energy Energy range

0.0-0.025 eV Cold neutrons

0.025 eV Thermal neutrons

0.025-0.4 eV Epithermal neutrons

0.4-0.5eV Cadmium neutrons
0.5-1 eV EpiCadmium neutrons
1-10 eV Slow neutrons
10-300 eV Resonance neutrons

300 eV—-1 MeV Intermediate neutrons

1-20 MeV Fast neutrons

> 20 MeV Ultrafast neutrons
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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 um thick, having 3 cm? of
active area and a 90° field of view, and operating at

103l’
20899

a -50-V bias to?
— alpha energies from 5.3 to 8 .8 MeV :
10
100o l 410 80 120 160 200 240 280

Channel number

FIGURE 18-3.-An energy spectrum as displayed by the
quick-look data system. This spectrum includes 47 min 23
sec of data beginning at 04:40 G.m.t. on July 30. The
expected positien of alpha particles from 222Rn is
indicated. This position has been determined by extrapo-
lation from the 208Po and 2'0pe peaks.
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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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FIGURE 12-1.—Schematic diagram of the SIDE.
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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
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- The LNPE is in the form of a rod that is inserted 2r
into the lunar regolith to permit the measurement ‘ | | | J
of neutron capture rates to a depth of 2 m L 100 Depthw;cmz 300 40

= 235U-mica detection system

* 238y fiducial system

KBr capsules
Cadmium-wrapped sections

FIGURE 18-5.—A schematic view of the lunar neutron probe
showing how the various targets and detectors are
distributed with depth and including the theoretically
predicted track density versus depth curve. The '°B
targets and plastic detectors (not shown) are essentially
continuous along the entire length of the probe.
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Apollo 17: Cosmic Ray Experiment

TABLE 19-1.—Detectors in the LSCRE

Exposed
Number Detector Component measured area,
cm?
. Sun-half detectors
The total weight of the assembled , ,
package was 163 g, and the overall L M e windad | 122
) ) low-energy cosmic rays
dimensions were 22.5 by 6.3 by 1.1 cm 2 Aluminum foil Light solar wind 5.1
3 Platinum foil  Light solar wind 11.2
4  Fused quartz Low-energy cosmic rays 54
(Suprasil 2)
S  Lead phosphate Low-energy cosmic rays 1.85
glass (Lal)
6 Mica Heavy solar wind 1.2
(Sun direction)
7  Platinum foil Light solar wind 3.8
8 Platinum foil Light solar wind 8.0
Shade-half detectors

9  Lead phosphate Low-energy cosmic rays 1.76

glass (Lal)
10  Phosphate glass Low-energy cosmic rays 1.62
(GE-1457)
11 Lexan Low-energy cosmic rays 14.0
12 Platinum foil Control piece for foils 6.8
in Sun
13  Mica Low-energy cosmic rays 9.1

and radon atmosphere
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Apollo 17: Cosmic Ray Experiment
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FIGURE 19-11.—Integral energy spectrum of the energetic
iron particles observed in the sunlit and shaded micas.
One set of points (squares) is obtained by assuming the
tracks are etched for their total range. The circled points
are plotted assuming a range deficit of 1.7 um asgiven by
Blok et al. (ref. 19-7).
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FIGURE 19-14.—Energy-dependent composition of low-
energy interplanetary ions during solar quiet time. To
display the enhancement of heavy elements at low
energies, the fluxes of CNO and He have been scaled
down by their abundances relative to Fe in the Sun. The
enhancement appears to disappear at energies greater than
~ 1 MeV/nucleon.
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