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Enabllng broadband spectral determination‘ofcomposition and v
distribution of volatiles in regoliths (the Moon, asteroids, Mars) as a
function of time of day, latitude, regolith age and composition.

*  Providing geological context by way of spectral determination,of E
major minerals. '

»  Enabling understanding of current dynamics of volatile.sources, sinks; l
and processes, with implications for evolutionary origin of velatiles:

IcéCube addresses NASA HEOMD Strategic Knowledge Gaps -
B related,to lunar volatile distribution (abundance; location,
7 transportation: physies.water ice).

“IceCube complements the scientific work of’Lunar
Flashlight by by observing at a vartety of latitudes, not
restrlcted to PSRs
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Table B.2 IR measured volatile abundance in +(3) Mare Humboldtianum Afternoon| 1
LCROSS plume (Colaprete et al, 2010) 086 b ¢+ (9) Mare Humboldtianum Evening
" |[Compound [Molecules cm ™ |Relative to H,O(g)* B0 T B T e e S e
- |[H20 5.1(1.4)E19 100% T S T I VN T R 1
H2S 8.5(0.9)E18  16.75% Wavelength (ym)
NH3 3.1(1.5)EI8  16.03% arly evidence for diurnal
SO2 1.6(04)EI8  13.19% “Svariation trend in OH
 |C2H2 LO6(1.TEIR  |3.12% absorption by Deep Impact
co2 LIA.0OEIS  [2.17% (Sunshine et al. 2009) which|
(CH20H 17 8@ 2E1T11.05/% jwill be geospatially linked by
CH4 3.3(3.0)E17 0.65% ‘Lunar IceCube.
OH 1.7(0.4)E16 0.03% '
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Water Form, Component

water vapor

OH stretch

2.35,25

overtone bands

4> 1

2.663 OH stretch B v
liquid water 3.106 H-OH fundamental 0.100
2.903 H-OH fundamental
1.4 OH stretch overtone
1.9 HOH bend overtone
2.85 M3 Feature 0.095 |
2.9 total H20 3
hydroxyl ion 2.7-2.8 OH stretch (mineral) g
2.81 OH (surface or structural) stretches K
2.2-2.3 cation-OH bend &’
3.6 structural OH 0.090+
bound H20 2.85 Houck et al (Mars)
3 H20 of hydration
2.95 H20 stretch (Mars)
3.14 feature w/2.95 . . A .
adsorbed H20 2930 R. Clark 2600 2800 3000 3200 3400 3600
ice 1.5 band depth-layer correlated Wavelength (nm)
2 strong feature L . .
3.06 Pieters ot al [ce Cube measurements will
Other Volatiles encompass the broad 3 um band to
NH3 1.65,2.22  |N-Hstretch istinguish overlapping OH, water,
CcO2 2,2.7 C-O vibration and overtones ] .
Aree 3 and ice features. Will have near 10 nm
CH4/organics 1.2,1.7,2.3,3.3 |C-H stretch fundamental and overtones resolution in this band
Mineral Bands - ‘
4
py.ro.xene 0.95-1 crystal field effects, charge transfer Pl Yellow = water- &
olivine 1,2,2.9 crystal field effects .
spinels 2 crystal field effects related features in
_liron oxides 1 crystal field effects the 3 micron
carbonate region



Influences on Measurable Signal at Volatile Bands

Influences Effect

Time of day hydroxyl, water production/release as function of
temperature, solar exposure

Latitude greater impact of local topography near poles

Solar output

transient variations induced by solar output or
events

regolith composition

variation in availability of OH, FeO

shadowing (slope orientation)

minimal or irregular illumination, lower
temperature, potential cold trap

regolith maturity

variation in extent of space weathering induced
reduction by hydrogen

feature type (impact or volcanic
construct)

geomorphology induced cold trapping or internal
volatile release

age

age-induced structural degradation reduces
influence of local topography

combined age and composition effects
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BIRCHES = # includes 3 W detector electronics,
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BIRCHES block diagram illustrates simplicity and
flexibility of design.

eledyne HIRG HgCdTe Focal " -Special Rafl
lane Array and JDSU linea

ariable filter detector assembl

Off the shelf tac
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Transfer Trajectory with Low Thrust
(Sun-Earth Rotating Coordinate Frame)
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LWaDi 6 Month Mission Concept
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Low Thesst 4 To keep perilune’
+ & Day Low Theust Arc from Deployment to 1% Lunar Encounter e o) in Sunlight
+ 59 Day Low Theust Arc before Lunar Capture beyond 6 months,
we would need to
Low Thrust Insertion and Science Orbit (blue) maneuver to
rotate the line of

apsides
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Revisit same representative (in ‘

latitude, composition, structure)
features at different times of
day during 6 lunar cycles

Sun

«r— noon
NO1+3
- months
/if we choose the
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Lunar Orbit Insertion (LOI)

initial line of apsides
to be orthogonal to
the Sun line, we can
keep perilune in
Sunlight for 6
months.
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Lunar Flashlight;()vé'pliém,-

Looking for surface ice deposits and i favorable
locations for in-situ utMization in lunar south cold traps

Teaming:

*  INARSC

» ANC Mg

» Mssion Design B Now: %

7 Pregadsian Sveen Prep (MLFC)

»  Paylood 1.2 micron Spectrometer
et B L P —————— nents and configuration. Inset image shows LunaH-Map de- WK
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Nasi Jet Propulsion Latoratory Figure 1: LunaH-Map cut-away showing spacecraft compo-
. Cabtir v a0 0 of You Mgy .

ploved configuration

r "Flashlight: Detect surface ice for PSRs polar region b laser
ulated emission at several ice-associated lines.
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Lurar IceCubre Determir r.,m“‘ter; forms and componerits abundances as a .
-function of time of day,"fiéaffi yge',‘;;_}and' lunar regolith 3roperties using '
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IceCube to place an IR spectrometer in lunar orbit to look for
surface OH, water, other volatiles

Correlate volatiles with surface-mineralogy; surface temperature;: = 4% :
illumination, solar wind, etc "8

Examine changes'in surface.wvolatile contentitepget at dynamics -
issues! (like Sunshine et al., 2009 observation) ‘

Uses MSU cubesat bus, with Busek propulsion

Enabling GSFC flight dynamics: Use of low energy manifolds to get
Into lunar capture

= Propulsion solution and flight dynamic requirements tuniquely
solved#in:-a self-consistent way

— Creating a tailored solution with a standard platform

!
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gardod technical w orkshops on Lunar >~ 1.9':“_(, .-.ri;. icabons and L _i’.]"‘ 1bos

vth our Space Entrepreneur workshop and Hack the Moon hackathon for one spectacular, 10 day ever

September 26.27, 2016

The 6™ Intemational Workshop on Lunar Surface Applications

THEre are Majr OPPOMUNENs 10f SORrUSis and SEace eNTepreneurs akke %0 0ot new hardware and Nstnu

September 28-29, 2016

The 6% International Workshop on LunarCubes

the best space sclentisls. ey

September JO, 2016

Entreprenecur Day

October 1-2. 2016

Hack the Moon
Al Hack the Moon. students and sDacs & saysts hayws the opooriunty 10 Gorme up with creaive sohAonNs 10 space 1 slsied

teblors, while Now Speco shartups can croaie & or Own sceccosalul Kochslaner Campaigrs. Ths & & hands on

pace peoblom and pou and your leam ~ .

pame[a.e.c'lark@jpl.nasa.gov. = s

Join us September 26 - October 2, 2016 for the Lunar Workshop of The Year i %

< www. lunarworkshops.com
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