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NASA SVS

Lunar Permanently Shadowed Regions (PSR)
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Low obliquity

At high latitudes,
topography creates
permanently
shadowed regions

>104 km?2 area of PSR

These exist on size
scales ranging from
sub-mmto 10 km






Understanding the lunar water system from source to sink

adsorbed onto trapped in melt or
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No two lunar PSRs are the same

Hydrogen values from depth-integrated measurements differ from surface frost measurements, especially in
Shoemaker, Haworth, and Cabeus.

Haworth

Shoemaker =~
Faustini
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* Neutron spectroscopy senses through the top 1 m * IR spectroscopy senses the top 1 mm of the
of regolith. (McClanahan et al., 2018) surface. (Li et al., 2018)

3 December2020 | 4



Greatest assortment will be found In coldest PSRs
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Oldest cold traps record lengthy stretch of history

s« | Present-day
A north pole
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Siegler et al. (2016) Nature
Deutsch et al (2020) Icarus

* Volatilesin a cold trap must be younger than the host cold trap

 Enhancements off of the present day poles line up with potential locations of paleopoles.




Mobility Is required

Depth to ice
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VIPER is the first step of ajourney
VIPE

« A prospecting campaign is required to
fully answer fundamental guestions about
volatiles.

e Ground truthing of orbital remote sensing
data will reinvigorate analysis of orbital
data.
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Polar Ice Prospecting Explorer for Lunar No-light
Environments (PIPELINE) mission concept

Go to a cold, old PSR

Make measurements of volatile composition, abundance, and physical form

Map the distribution on meter scale

Relate all measurementsto environmental parameters

KEY

Linkage to community guiding
documents

(D)ecadal Goal-V&V,
(A)SM-SAT Goal;

(S)trategic Knowledge Gap
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Notional PIPELINE implementation

. Shoemaker: v
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Lemelin et al (2014)
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PIPELINE potential payload

Instrument

NavCams

Neutron Spec

GasChrom.MassSpec

IR Spectrometer

Drill

Spatial Heterodyne Spec

Raman

Ground Penetrating Radar

lon Spectrometer

[Peak

Power

[TRL

[Function

Navigation and context

Volumetric H content

Composition incl. isotopes
Composition, abundance, temperature

Subsurface access — 1 meter

Exosphere composition & isotopes

Chemical & isotopic compositions

Subsurface context, ice blocks

Charged patrticle flux
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A concept study can define a New Frontiers mission

* A Lunar Polar Volatiles Mission remains a high science priority.
* The concept presents technical challenges that are not insurmountable.

TNy e Areexamination is warranted.
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Report Series - Committee on Astrobiology and Planetary Science

CONSENSUS STUDY REPORT

VISIONS INTO VOYAGES
S U rvey for Planetary Science in the Decade 2013-2022

A Midierm Review

Lunar Polar Volatiles Explorer (LPVE)
Mission Concept Study

Chip Shearer — Science Champion . =

cshearer@unm.edu B 4
George Tahu - NASA HQ POC p &
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Measurements Objectives

« Abundance  Environmental Context

- Exploration rationale: assess value and extraction
technique

- Science rationale: tied to-abundance of sources

o Composition
- Exploration: additional resources
- Science: chemical fingerprint of source
e Distribution
- Exploration: scale of operations and extraction .

technique . .
- Science: age of dep05|ts redlstrlbutlon and retentlon
: processes s
. Phy5|cal State : el
* Exploration: extractlon technlque operatlonal
paradigm - .

- Science: interactions between volatiles and regolith

Geotechnical properties

Thermal environment
Stratigraphy

. Geologic context
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