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Specific Action Teams (SATs) have been working to address
important science and exploration needs
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Specific Action Teams (SATs) have been working to address
important science and exploration needs

* Artemis Analog Objectives Specific Action Team (AOA-SAT) [Dec. 2021-Jan. 2022]
* Request by NASA Science Mission Directorate Planetary Science Division

» Catalog and prioritize objectives for science and science operations
that can be achieved through analog activities

* In preparation of Artemis
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Specific Action Teams (SATs) have been working to address
important science and exploration needs

* Artemis Analog Objectives Specific Action Team (AOA-SAT) [Dec. 2021-Jan. 2022]
* Request by NASA Science Mission Directorate Planetary Science Division

» Catalog and prioritize objectives for science and science operations
that can be achieved through analog activities

* In preparation of Artemis

AOA-SAT Team:
Kelsey Young- Chair, NASA Goddard
Jose Hurtado- Dep. Chair, Univ. of TX El Paso
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Specific Action Teams (SATs) have been working to address
important science and exploration needs

* Artemis Analog Objectives Specific Action Team (AOA-SAT) [Dec. 2021-Jan. 2022]
* Request by NASA Science Mission Directorate Planetary Science Division

» Catalog and prioritize objectives for science and science operations
that can be achieved through analog activities

* In preparation of Artemis

Analog Objectives:
* Science Support Room

AOA-SAT Team: * Software and Instrumentation
Kelsey Young- Chair, NASA Goddard Human/Robotic Partnerships Fog
Jose Hurtado- Dep. Chair, Univ. of TX El Paso Complex Lighting Conditions e | ‘m‘;w
Jessica Barnes- Univ. of Arizona « Data collection: Imaging, T W W Ul
Ben Feist- N JARYAN : : il A ew ,' 4
Tfevofé:a:c?_cfaisgbs/;Aéschsc Sampling, Tools, Documentation ..y pg (IE0TIVES FIRARTEMIS: (ADA) -

. * Advancing Technologies . " SPECIFIC ACTION TEAM (SAT)-
Jennifer Heldmann- NASA Ames e Communication
Nick Schmerr- Univ. MD College Park «  Crew Autonomy NASA Scence MisionDirctorato (SHD)
Gordon Osinski- Univ. Western Ontario « Analog Science Training
R. Aileen Yingst- Planetary Sci. Inst. . eyt

Location/Navigation
* Test Design
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Specific Action Teams (SATs) have been working to address
important science and exploration needs

e Continuous Lunar Orbital Capabilities (CLOC) [Nov. 2021-Sep. 2022]
* Community-recognized need for examination of lunar orbital assets

* Lunar Reconnaissance Orbiter is resounding success
* Strategy development supported by recent LEAG SATs and annual

. . . Draft Report of the
meeti ng fl nd I ngs Continypus L'unar Orbital Capabilities
* Prioritized Community Engagement and Input/Feedback in various ways Specific Action Team (CLOC-SAT)
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Specific Action Teams (SATs) have been working to address
important science and exploration needs

e Continuous Lunar Orbital Capabilities (CLOC) [Nov. 2021-Sep. 2022]
* Community-recognized need for examination of lunar orbital assets

* Lunar Reconnaissance Orbiter is resounding success
* Strategy development supported by recent LEAG SATs and annual
Draft Report of the

meeti ng fl nd INgs Continypus L'unar Orbital Capabilities
* Prioritized Community Engagement and Input/Feedback in various ways Specific Action Team (CLOC-SAT)

CLOC-SAT Team

Ben Greenhagen- Co-Chair, Johns Hopkins APL
Carle Pieters- Co-Chair, Brown Univ.

Tim Glotch- Stony Brook Univ.

Lauren Jozwiak- Johns Hopkins APL

John Keller- NASA GSFC

Paul Lucey- Univ. of Hawaii

Mark Robinson- Arizona State Univ.
Angela Stickle- Johns Hopkins APL

Julie Stopar- Lunar and Planetary Institute
James Tuttle Keane- Jet Prop. Lab., Caltech
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Specific Action Teams (SATs) have been working to address
important science and exploration needs

e Continuous Lunar Orbital Capabilities (CLOC) [Nov. 2021-Sep. 2022]
* Community-recognized need for examination of lunar orbital assets

* Lunar Reconnaissance Orbiter is resounding success
* Strategy development supported by recent LEAG SATs and annual
Draft Report of the

meeti ng fl nd INgs Contingpus L'unar Orbital Capabilities
* Prioritized Community Engagement and Input/Feedback in various ways Specific Action Team (CLOC-SAT)

CLOC-SAT Team

Ben Greenhagen- Co-Chair, Johns Hopkins APL
Carle Pieters- Co-Chair, Brown Univ.

Tim Glotch- Stony Brook Univ.

Lauren Jozwiak- Johns Hopkins APL

John Keller- NASA GSFC

Paul Lucey- Univ. of Hawaii

Mark Robinson- Arizona State Univ.
Angela Stickle- Johns Hopkins APL

Julie Stopar- Lunar and Planetary Institute
James Tuttle Keane- Jet Prop. Lab., Caltech

Areas of focus: Identify...
Investigations to be carried out
in future

e Capabilities needed for landed
science/exploration activities

* Measurements and capabilities
common to/cross-cut different
mission directorates

* New types of measurements
enabled by modern technology
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Specific Action Teams (SATs) have been working to address
important science and exploration needs

e Continuous Lunar Orbital Capabilities (CLOC) [Nov. 2021-Sep. 2022]
* Principal deliverables:

* Why? (Rationale) What? (Specific needs/goals) and How?
(Opportunities/capabilities)

...to carry lunar science and exploration forward in the next decade(s)

Draft Report of the

Continuous Lunar Orbital Capabilities
Specific Action Team (CLOC-SAT)
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Specific Action Teams (SATs) have been working to address

important science and exploration needs

e Continuous Lunar Orbital Capabilities (CLOC) [Nov. 2021-Sep. 2022]
* Principal deliverables:

* Why? (Rationale) What? (Specific needs/goals) and How?
(Opportunities/capabilities)
...to carry lunar science and exploration forward in the next decade(s)
e Overarching Findings (Selected):
* Imminent Needs:
e Orbital capabilities in overall lunar strategy
» Data acquisition and access/relay capabilities
* Science & Exploration
* Landing site scale vs. global context
* Long temporal-baseline capabilities
* Implementation
* Range of orbits and satellite type
* Collaboration between assets

Draft Report of the

Continuous Lunar Orbital Capabilities
Specific Action Team (CLOC-SAT)
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Specific Action Teams (SATs) have been working to address
important science and exploration needs

e Continuous Lunar Orbital Capabilities (CLOC) [Nov. 2021-Sep. 2022]
* Principal deliverables:

* Why? (Rationale) What? (Specific needs/goals) and How?
(Opportunities/capabilities)

...to carry lunar science and exploration forward in the next decade(s) Continuog"’tﬁr’;‘j"ggi‘:;”fapabmties
e Overarching Findings (Selected): (Continuous lunar\ Specific Action Team (CLOCSAN
* Imminent Needs: orbital Capabilil‘ies

are essential to
moving forward
during the coming

e Orbital capabilities in overall lunar strategy
» Data acquisition and access/relay capabilities

* Science < Exploration decades of
* Landing site scale vs. global context international
* Long temporal-baseline capabilities science and

exploration of the
Moon and plans

must be made to
* Collaboration between assets Qnsure Continuityj

* Implementation
* Range of orbits and satellite type
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LEAG was responsive to recent Requests For Information (RFl)
related to lunar science and exploration
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LEAG was responsive to recent Requests For Information (RFl)
related to lunar science and exploration

* NASA’s Moon to Mars Draft Objectives
* Executive Committee responses submitted to RFI + representation at Workshop

* Other community members present (e.g., gov., academia, commercial/industry)
* Update provided by Dr. Joel Kearns @ LEAG annual meeting (Aug 23)

* Final objectives released last week

L MOON TO MARS
BJECTIVES
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: LEAG was responsive to recent Requests For Information (RFl)
related to lunar science and exploration

* NASA’s Moon to Mars Draft Objectives
* Executive Committee responses submitted to RFI + representation at Workshop
* Other community members present (e.g., gov., academia, commercial/industry)
* Update provided by Dr. Joel Kearns @ LEAG annual meeting (Aug 23)
* Final objectives released last week

* White House Office of Science and Technology Policy on behalf of Cislunar
Science and Technology Subcommittee of the National Sci. and Tech. Co.

* “input to help inform development of a national science and technology
strategy on U.S. activities in cislunar space”

* “Robust, cooperative, and sustainable ecosystem in cislunar space”

1. Research and development priorities for the next 10 years? ... 50 years?
2. Key technical standards to develop

* Executive Committee response submitted to RFI

_ MOON TO MARS
BJECTIVES
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LEAG supports and is responding to the Recent Decadal Survey
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LEAG supports and is responding to the Recent Decadal Survey

By R

* Town Hall on the Planetary Science and Astrobiology Decadal Survey (2023-2032) [May 19]

* Overview; Mercury and Moon Panel; Human Exploration; s e
Endurance-A concept; Technology

* Accessible Virtual Meeting
https://www.youtube.com/watch?v=U1lodBPj7g2E

* Most questions received relevant to:
* Endurance-A mission concept and implications [6Q [94 upvotes]

* Artemis, Commercial Lunar Payload Services (CLPS), and
broader lunar exploration and strategy [7Q | 77 upvotes] ORIGINS

WORLDS

CONSENSUS STUDY REPORT
=

ézﬁ A Decadal Strategy
k. P for Planetary Science & Astrobiology
%0 »!\;e\'nu 2023-2032
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LEAG supports and is responding to the Recent Decadal Survey
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* Town Hall on the Planetary Science and Astrobiology Decadal Survey (2023-2032) [May 19]

* Overview; Mercury and Moon Panel; Human Exploration; s e
Endurance-A concept; Technology

* Accessible Virtual Meeting
https://www.youtube.com/watch?v=U1lodBPj7g2E

* Most questions received relevant to:
* Endurance-A mission concept and implications [6Q [94 upvotes]

* Artemis, Commercial Lunar Payload Services (CLPS), and
broader lunar exploration and strategy [7Q | 77 upvotes] ORIGINS'

* The Decadal Survey strongly highlights the value of lunar WORLDS
exploration, both human and robotic, for ALL of planetary science.

CONSENSUS STUDY REPORT
»>

* é“ A Decadal Strategy
¥ F for Planetary Science & Astrobiology
% }!\;\% 2023-2032
o VAL
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* Development of a broad lunar science and exploration strategy = “strategic lunar program” R by
* PSD to have authority to develop science requirements for Artemis '\\,
o *** EAG encourages formation of a community working group (such as a SAT) to aid in

development of strategy

* Findings/Recommendations about Artemis are in broad agreement with LEAG finding§ ¢ :
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. | LEAG supports and is responding to the Recent Decadal Survey.
) Y.

N

v g * Findings/Recommendations about Artemis are in broad agreement with LEAG findings '.

* Development of a broad lunar science and exploration strategy = “strategic lunar program”  * ™

* PSD to have authority to develop science requirements for Artemis .\} -

o *** EAG encourages formation of a community working group (such as a SAT) to aid in
development of strategy

* Decadal Survey highlights need for setting science goals and objectives at the Moon
through coordination between NASA and non-NASA community

* Ch 22 Finding: “A structured approach to setting science goals and measurement objectives at th
Moon, led by the lunar science community ... would allow for scientific prioritization and
coordination of lunar missions, instrumentation, landing site selections, and other activities
performed within LDEP.” [p22-14]

* Ch 22 Recommendation: “The advancement of high priority lunar science objectives, as defined
by PSD based on inputs from this report and groups representing the scientific community, should
be a key requirement of the Artemis human exploration program...” [p22-14]
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LEAG supports and is responding to the Recent Decadal S,ur-vg
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BOX 22.2 Science Themes for Lunar Exploration
The central goal of a science-driven program of lunar discovery and exploration is to reveal the history
of major events and processes that have shaped the Earth-Moon system and the solar system. The committee
prioritizes three overarching Science Themes that s stem History, (2) Geologic P
and (3) Water and Volatiles
Instructions: Drag a sticky note : . er eCOT . i v e Moon®
from the left side to the box ience Theme 1: Uncov cl_the lun‘ar record of solar sy stc‘m origin and ear Ty tory T]u Moon
under the science theme you uncove - Science Theme 2 Understand thegeologic pracesses tha shape the carly Earth that are best Science Theme 3: Reveal nner solar system volaie composition, structure, and ancient surface preserve a record of early events: from the giant impact that
o 18 sc e Y rcarvaden e Moo i o el rocntes - R
want to address. L produced the Earth—Moon system to ongoing bombardment as life on Earth emerged and evolved.
; Gl implement the " - The Moon’s composition and physical properties constrain how the Earth-Moon system formed, while

Sl Lunar its ancient preserves the primordial history of asteroid and comet impacts and other processes. This
Geophysical

N k record holds clues to environmental conditions on Earth as life emerged that have been all but erased on
etworl

a8..for the | ol o S : the Earth. Analyses of returned lunar so provide the basis for a chronology used to understand
major lunar | oftha fth pore. e mission :) SO . | " ; "
Altken basin a5 the the sequence and timing of events across the solar system. Key questions remain about the nature of planet
i, : formation in the inner solar system, early bombardment, and related hypotheses of giant planet orbital
i ¥ formation and — = . ol gration. While exploration of other worlds can contribute to addressing these questions, the Moon will
‘evolution of terrestrial E v : : > in il N - i o . e > . <
planets - composition, s v remain unique in its ability to provide accessible ground-truth constraints on terrestrial planet assembly

Explore the structure, and lateral e

varaahiley TR e e . and solar system bombardment history and chronolog,
Finer scale L v crust, mante nd core
compositional = . - . )
pping = initiation T s Science Theme 2: Understand the geologic processes that shaped the early Earth that are best
5 = 3

(uv-vnir-mir)

o st

We need

T o o ey preserved on the Moon. The Moon retains a record of processes that set the evolutionary paths of rocky
— Torwot tectanlsm | O - worlds, including volcanism, magnetism, tectonism, and impac

Measure the solar -

wind varfability 5 g . The Moon i. i ky w g S 3 at bes serve ancient geologic proc

e e it o oL T Like the terrestrial planets, including Earth and Mars, the Moon started as a partially (or completely)

ECRWSUCERN  Understand om0, it s - molten world. As the magma ocean cooled, it produced the Moon's current differentiated structure,
et o 82 the Meon including a crust, mantle, and partially molten core. While differentiation is a ubiquitous proces.

other worlds have a poorly preserved record of these early epochs—making the Moon one of the bes

locations to understand these processes. Even as the Moon's geologic activity waned, volcanism of varied

styles and chemistries persisted, impacts and tectonism reshaped the crust, and radiation proc
weathered its surface—all of which are relevant to worlds across the solar system.

Science Theme 3: Reveal inner solar system volatile origin and delivery processes. The Moon ho
ter and other volatiles in its interior, a urface, and in ice deposits at its poles, providing a record
that may help constrain the origins of Earth’s oceans and the building blocks for life, as well as ongoing
volatile delivery processes.

Summary Summary Summary

The Moon holds a record of volatiles obtained throughout its history. Primordial volatiles contained in
the Moon'’s interior suggest that water was retained even through the energetic Moon-forming impact. At
the surface, volatiles migrate in an active cycle and are trapped in permanently shadowed regions near the
poles, processes that occur at bc with tenuous atm e ross the solar system. The origin,
composition, concentration, and distribution of the Moon’s volatiles remain uncertain. Determining the

of the Moon'’s water and other volatiles may shed light on the source(s) of Earth’s water and on
1s that act as ongoing sources of volatiles in the p day. Lunar volatile r
implications for in situ resource utilization by human explor
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LEAG supports and is responding to the Recent Decadal Su’rvg
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S i « LEAG began an action response to the Decadal regarding science goals at the annual meeting o]
* “in-class” activity guided by Box 22.2 of the Decadal Box 22.2: Science Themes for

Lunar Exploration

Science Theme 1: Uncover the lunar
record of solar system origin and
early history

Science Theme 2: Understand the
geologic processes that shaped the
early Earth that are best preserved
on the Moon.

Science Theme 3: Reveal inner solar
system volatile origin and delivery
processes.
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LEAG is finalizing text to its 2022 Annual Meeting Findings

* 5 high-level findings [DRAFT]:
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LEAG is finalizing text to its 2022 Annual Meeting Findings

* 5 high-level findings [DRAFT]:

* Need for a Sample Return Specific Action Team to examine objectives (and locations), implementation
approaches, analysis/measurement/lab facility needs/approaches
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LEAG is finalizing text to its 2022 Annual Meeting Findings

* 5 high-level findings [DRAFT]:
* Need for a Sample Return Specific Action Team to examine objectives (and locations), implementation
approaches, analysis/measurement/lab facility needs/approaches
* Re-examination of data management, archiving, and infrastructure capabilities
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LEAG is finalizing text to its 2022 Annual Meeting Findings

* 5 high-level findings [DRAFT]:
* Need for a Sample Return Specific Action Team to examine objectives (and locations), implementation
approaches, analysis/measurement/lab facility needs/approaches
* Re-examination of data management, archiving, and infrastructure capabilities

* Implementation of Endurance-A to achieve long-standing top priority of lunar and planetary science
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LEAG is finalizing text to its 2022 Annual Meeting Findings

* 5 high-level findings [DRAFT]:
* Need for a Sample Return Specific Action Team to examine objectives (and locations), implementation
approaches, analysis/measurement/lab facility needs/approaches
* Re-examination of data management, archiving, and infrastructure capabilities
* Implementation of Endurance-A to achieve long-standing top priority of lunar and planetary science
* Lack of communicated development of a sustained part of the Artemis plan (e.g., Base Camp)
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LEAG is finalizing text to its 2022 Annual Meeting Findings

* 5 high-level findings [DRAFT]:

Need for a Sample Return Specific Action Team to examine objectives (and locations), implementation
approaches, analysis/measurement/lab facility needs/approaches

Re-examination of data management, archiving, and infrastructure capabilities
Implementation of Endurance-A to achieve long-standing top priority of lunar and planetary science
Lack of communicated development of a sustained part of the Artemis plan (e.g., Base Camp)

Integrated Lunar Strategy as a partnership between HQ and rest of lunar community (gov., academia,
commerce/industry)
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LEAG is finalizing text to its 2022 Annual Meeting Findings

* 5 high-level findings [DRAFT]:

Need for a Sample Return Specific Action Team to examine objectives (and locations), implementation
approaches, analysis/measurement/lab facility needs/approaches

Re-examination of data management, archiving, and infrastructure capabilities
Implementation of Endurance-A to achieve long-standing top priority of lunar and planetary science
Lack of communicated development of a sustained part of the Artemis plan (e.g., Base Camp)

Integrated Lunar Strategy as a partnership between HQ and rest of lunar community (gov., academia,
commerce/industry)

 LEAG Commercial Advisory Board (CAB) [DRAFT]:
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LEAG is finalizing text to its 2022 Annual Meeting Findings

* 5 high-level findings [DRAFT]:
* Need for a Sample Return Specific Action Team to examine objectives (and locations), implementation
approaches, analysis/measurement/lab facility needs/approaches
* Re-examination of data management, archiving, and infrastructure capabilities
* Implementation of Endurance-A to achieve long-standing top priority of lunar and planetary science
* Lack of communicated development of a sustained part of the Artemis plan (e.g., Base Camp)

* Integrated Lunar Strategy as a partnership between HQ and rest of lunar community (gov., academia,
commerce/industry)

 LEAG Commercial Advisory Board (CAB) [DRAFT]:

* Development of a technology roadmap that evolves CLPS capabilities to advance science & exploration
objectives
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LEAG is finalizing text to its 2022 Annual Meeting Findings

* 5 high-level findings [DRAFT]:
* Need for a Sample Return Specific Action Team to examine objectives (and locations), implementation
approaches, analysis/measurement/lab facility needs/approaches
* Re-examination of data management, archiving, and infrastructure capabilities
* Implementation of Endurance-A to achieve long-standing top priority of lunar and planetary science
* Lack of communicated development of a sustained part of the Artemis plan (e.g., Base Camp)

* Integrated Lunar Strategy as a partnership between HQ and rest of lunar community (gov., academia,
commerce/industry)

 LEAG Commercial Advisory Board (CAB) [DRAFT]:

* Development of a technology roadmap that evolves CLPS capabilities to advance science & exploration
objectives

* Development of a pathway for commercial delivery of nuclear-powered payloads to the lunar surface

Dr. Amy L. Fagan, on behalf of Given to Committee on Astrobiology and Planetary Science https://www.lpi.usra.edu/leag/
Lunar Exploration Analysis Group Wednesday, September 28, 2022 9/11




%606'ﬁ Ecstatic @ Unsure .Z." L\ﬁ Ready/willing to

Summary of ThOughtS \& @ Pleased @ Concern take action/facilitate

(and areas for action)

* Initial reaction to the planetary decadal survey:

* General issues of concern (areas to take action) to the lunar science community:
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%606"H‘ Ecstatic @ Unsure .Z." L\ﬁ Ready/willing to

Summary of ThOughtS \& @ Pleased Q Concern take action/facilitate

(and areas for action)

N

* Initial reaction to the planetary decadal survey:
ﬁ- The Moon is a great place to achieve planetary science and now everyone else knows it too

* General issues of concern (areas to take action) to the lunar science community:
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* Initial reaction to the planetary decadal survey:
ﬁ- The Moon is a great place to achieve planetary science and now everyone else knows it too
®- Good agreement with community findings

* General issues of concern (areas to take action) to the lunar science community:
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 Feelings towards Lunar Surface Science Workshops (LSSWs) are “complex” @& @& &® |

Dr. Amy L. Fagan, on behalf of Given to Committee on Astrobiology and Planetary Science https://www.lpi.usra.edu/leag/
Lunar Exploration Analysis Group Wednesday, September 28, 2022 10/11




Ending on a positive note: Lots of gratitude to NASA

e

For listening to the extended community:
* Lunar Trailblazer onto rideshare
* PRISM 3 proposers can propose landing site
* PRISM 3 proposers have option for surviving lunar night

Requesting feedback for Moon to Mars Objectives

Expressing interest and excitement at CLOC-SAT

Travel grants for early career participants

Asking the lunar community (and LEAG) to help
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