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The current state is key to constraining origin theories.



CLPS Supports the Artemis Program

Artemis Phase 1: To the Lunar Surface by 2024ﬂ,
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ARTEMIS 2: FIRST HUMANS TO

/ ARTEMIS 1: FIRST HUMAN SPACECRAFT
TO THE MOON IN THE 21st CENTURY
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" Commercial Lunar Payload Services’
T S CLPS delivered science and technology payloads

Early South Pole Crater Rim Mission(s)
- First robotic landing on eventual human lunar return and ISRU site
- First ground truth of polar crater volatiles

THE MOON IN THE 21st CENTURY -

FIRST HIGH POWER
SOLAR ELECTRIC
PROPULSION (SEP)

SYSTEM

Large-Scale Cargo Lander
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FIRST PRESSURIZED . % ARTEMIS 3: GREWED
CREW MODULE ; !
DELIVERED TO MISSION TO GATEWAY.
GATEWAY AND LUNAR SURFACE
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- Increased capabilities for science i

and technology payloads

Humans on the Moon - 21st Century
First crew leverages infrastructure
left behind by previous missions



Neutron Measurements at the Lunar Surface (NMS)
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Low Sun angle means long shadows
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Big Science Questions

 Where are the polar volatiles and how did they get there?
 What are the chemical and isotopic compositions of volatile deposits?

How did the Moon form/evolve?

» Sampling of ancient crust/mantle material, and geophysical
measurements (seismometer/heat flow probe) will provide new insight
into the lunar interior structure and composition, and of the Moon’s
geologic evolution.

e Are there rock types that we didn’t sample in Apollo, and what
can they tell us about the Moon’s evolution?

e Can we use the Moon to understand the distribution and
timescale of impacts and volcanism on the inner planets?

e Can we explore craters to understand the physics of impact
cratering, the most prevalent geologic process in the Solar
System?



NMS Overview

Mission Objectives:

1. Characterize the neutron radiation
environment.

2. Provide in-situ ground truth for calibrating
orbital data.

3. Provide constraints on composition
(e.qg., science & ISRU).

4. Monitor hydrogen cycle through lunar day. ~7"

Project Description:
* Provide neutron counts at the lunar surface.
» Deliver thermal and epithermal neutron
rate counters using SLi-doped

scintillators.
* Operate for ~7 Earth days, (~1/2 lunar
day).
* Based on flight heritage (developed at
MSFC), FNS instrument currently operating NMLS Mechanical Model
on the ISS, and in development for Gateway. Mass: ~4 kg
_ _ , Data rate: 10 bps
Funding: Lunar Discovery and Exploration Ave Power: 4.8 W
Program (LDEP) Peak Power: 10 W

NMS - Haviland 17

NASA/Marshall Space Flight Center



Neutron Spectroscopy

After Curran [2017]

e “Epithermal neutrons”

SEPs & GCRs * medium energy
(~1 GEV) e ~constant for most lunar compositions
(except H).
| * “Thermal neutrons”
Thermal ' * low energy
(<0.3 eV) J fEpithermal * absorption cross section increases by nuclei

neutrons (<0.5 MeV)

* s highly composition dependent (flux is
neutrons Fast gnly P P (

large for Fe, Ti)

neutrons . . . .
* Fluxis greater in mafic materials (mare

= basalts, Mg or Fe-rich, of igneous/volcanic

m‘h C origin, dark in color, olivine, pyroxene)

= -’-""_.'COUIS@S \} * Fluxis smaller in the Fe-poor highlands
(farside).

 MSFC scintillator technology effectively
discriminates between pulse shapes and
distinguishes between neutron and gamma
ray (as well as other false) triggers.

"KThU.._'

‘_'—Prl rycosmlc raﬁ “NA '._Natur.al
R utre - “radioactivity

Secondary cosmlc rays <o

High value science opportunities exist for NMLS.

NMS - Haviland 18

NASA/Marshall Space Flight Center



Monitor hydrogen cycle through lunar day

NMS - Haviland

Solar Wind

Atkinson [2010]

The Moon’s water
cycle varies over
the course of a
lunar day.

This change in
hydrogen
concentration as a
function of time
will be detected
with NMS.

Dependent on
data and power
availability during
lunar evening.




Magma Ocean Crystallization Models

Time
imodel dependent - solidification occurs over 10 - 220 Ma)

The current state of the lunar interior is the first step
to constraining formation.
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Earth-Sun-Moon Space Environment

Sun EeEarth: . .'

Internal Structure: photosphere Moon’s Orbit

‘inner core
radiative zone
convection zone

solar wind ————

Sun Earth Earth’s magnetotail
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Stubbs, T. J., GSFC,

http://www.nasa.gov/topics/moonmars/features/magnetotail_080416.html

coronal mass ejection
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Lunar Space Plasma Environment
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Lunar Science ,,

Polar Landers and Rovers
+ First direct measurement of polar volatiles,
improving understanding of lateral and vertical
distribution, physical state, and chemical
composition

+ Provide geology of the South-Pole Aitken
basin, largest impact in the solar system

Non-Polar Landers and Rovers
+ Explore scientifically valuable terrains not
investigated by Apollo, including landing at a
lunar swirl and making first surface magnetic
measurement

* Using Pl-led instruments to generate
Discovery-class science, like establishing a
geophysical network and visiting a lunar
volcanic region to understand volcanic
evolution

Orbltal Data

delwered by C’
spacecraft 5»%

. Global mlneré‘l'

In-Situ Resﬁ*u-rce In
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Science After 2024

Human and Robotic Missions Provide Unique Science O

- po\/hes
On Gateway | ,

+ Deep space testing of Mars-forward systems

* Hosts groundbreaking science for space weather forecasting, full-disc Earth observation,
astrophysics, heliophysics, lunar and planetary science

* Mars transit testbed for reducing risk to humans

Surface Exploration

*
o

+ Understanding how to use in-situ resources for fuel and life ';-'

+ Revolutionizing the understanding of the origin and evolution of the Moon and inner s;g[ar syistem
by conducting geophysical measurements and returning carefully selected samples ta?Earth oy

e
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+ Studying lunar impact craters to understand physics of the most prevalent == =
geologic process in the solar system, impact cratering , . Tl

+ Setting up complex surface instrumentation for astrophysics, heliophysics and .Earth obsewaﬁoﬁ

* Informing and supporting sustained human presence through partial gravity re'.:‘.earch |n physfcaj

and life sciences, from combustion to plant growth -
Surface Telerobotics to Provide Constant Science UL - DA

D BN,

+ Sending rovers into areas too difficult for humans to explore; rovers can be 03
teleoperated from Earth to maximize the scientific return : i
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