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PAST STUDIES

« NEX-SAG 2015

* NASEM CAPS “GETTING READY"” REPORT 2017

* NASEM DECADAL MID-TERM REVIEW 2018

* NASEM ASTROBIOLOGY STRATEGY 2018

« KECK STUDY — UNLOCKING MARS CLIMATE RECORD IN PLD (2017, 2020)
« |CE-SAG 2019
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Table I: Traceability of Measurement Objectives for Science

. Science or
LRG| EROILED b Exploration Investigation Required Measurements
Aspect Goals .
Objective
Primary Decadal Progress on : :
MSR Sy B S Bomm Rendezvous & Capture in Mars orbit
. _ Extent & volume of water ice in non-polar regions
Al D]StrlbUt_lon of buried Extent & volume of buried CO; ice in the polar caps
water & CO; ice plus Shall — ool 21 3 :
relationship to surficial polar allow subsurface structure of polar cap & layered terrain
: S-A. Distribution &]denosits Improved mapping of cap morphology, structure, &
High Decadal i B i .
. Origin of Ice composition - as a function of season
Survey Priority .
Reservoirs Seasonal mapping of surface water & CO; frost
A2. Volatile cycling between JPolar radiative balance: visible & thermal IR wavelengths
high & low latitudes Polar atmospheric environment: Water vapor, temperature,
wind, clouds
Fine scale morpholo -
; 1 [0 SO BOTHE Sy Mineralogy, h Ieratiogri’state & surface tem 3? je?sr(l)(;ltlgzn
S§-B.Dynamic  [Recurring Slope Lineae (RSL) &Y, Y — D- .
Surface Processes Water vapor changes within lowermost atmos. |time of day
Seionic on Modern Mars |ga Active sediment transportfSediment flux in key locales: including dunes, gullies, dust

New Discoveries

& surface change processes

streaks

S-C. Dynamic

C1. Atmospheric circulation

Vertical profiles of horizontal wind components & T(p) with

/High MEPAG Processes in Jgood precision, even in dusty atmosphere changes
priority Current Martian JC2. Atm. transport & state Vertical profiles of aerosol (dust & ice) & water vapor
Atmosphere C3. Daily global weather Daily global mapping of dust, clouds, & surface frost
S-D. Geologic
Ei‘éiigg;l;?ei);l g;;ir:ii? LR s Fine-scale composition & morphology in ancient terrain
Transitions
S-E. Phobos/ g:ﬁ;ﬁgfg;ig&iﬁtﬂf Satellite shape, morphology, gravity

Martian moons

Deimos Fly-by
Science (with SEP)

E2. Satellite composition &

Satellite mineral composition & thermophysical properties

regolith properties

NEX-SAG REPORT, 14 December 2015
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Table Ill: Mapping Measurement Requirements to Instrument Type/Proof-of-Concept for Science

Inves Imac| PSAR | SWIR Thermal-| Wide- |Sub-mm:|Thermal-| Time-of- | Nadir
tigati Required Measurements (from Table I) mag IR Angle | T, wind, IR day Polar
ing | Radar | Mapper
on Mapper | Camera |water (v)| Sounder | Coverage | Coverage

Extent & volume of water ice in non-polar regions B T T v v
Extent & Volume of buried CO; ice in the polar caps B T B B v

s-A1 |[Shallow subsurface structure of polar cap & layered B T s
terrain (PLDs)
Improved mapping of cap morphology, structure, &

iy . T B B v

composition - as a function of season
Seasonal mapping of surface water & CO; frost B T T T v v

S-A2 Polar Radiative Balance B T B T v v
Polar Atmosph eric Environment: water vapor, B B T T v v
temperature, wind, clouds
Fine scale morphology T v
Mineralogy, hydration state, & surface |as a function B B - T v

S-B1 |temperature of season &
Water vapor changes in lowermost  [time of day B /
atmosphere
Sediment flux in key locales: including dunes,

S-B2 i T
gullies, dust streaks

s-C1 Vertical profiles of horizontal wind components & T s s
T(p) with good precision even in dusty atmosphere;

S-C2 Vertical profiles of aerosol (dust & ice), & water T T s s
vapor

S-C3 |Daily global mapping of dust, clouds, & surface frost T v v

D Flne-.scale composition & morphology in ancient T B T B

terrain

S-E1 |Phobos/Deimos shape, morphology, gravity T B B
Phobos/Deimos surface mineral composition &

S-E2 . . i T
thermophysical properties

NEX-SAG REPORT, 14 December 2015 page 43
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Can't do it dll = Ice & winds

A. Map and guantify shallow ground ice deposits across Mars together with shallow
layering of water and CO, ices at the poles to better understand the global water
inventory and atmospheric exchange today, and how ground ice records climate
change on geologically younger Mars (e.g., over obliquity variation cycles);

B. Detect and:characierize areas ofpaossible - present-day:liguid-water flow (recurring
slope lineae: RSL) and link these observations with ground ice, temperature, surface
composition (e.g.,.salts) and aimospheric properties fo understand the distribution
and potential for habitability of these volatile reservoirs;

C. Measure winds and characterize transport and other dynamic processes 1o
understand current climate, water, and dust cycles, with extrapolation to past
climates;

D. Characterize the occurrence and timing of major environmental fransitions recorded
in compositional stratigraphic records, such as discrete hydrated mineral assemblages
and sedimentary bedding;

E. Carry out high-value, close-approach investigations of Phobos and Deimos.
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MOSAIC

MARS ORBITERS FOR
SURFACE-ATMOSPHERE-IONOSPHERE
CONNECTIONS

AUGUST 2020
Mission Concept Study
Planetary Science Decadal Survey

‘/ | National Aeronautics and Space Administration
)/ www.nasa.gov

PRINCIPAL INVESTIGATOR
Robert Lillis

rlillis@berkeley.edu
University of California, Berkeley

CO PRINCIPAL INVESTIGATOR
David Mitchell
davem@berkeley.edu

University of California, Berkeley

JPL POINT OF CONTACT

Steve Matousek
steven.e.matousek@jpl.nasa.gov
Jet Propulsion Laboratory,
California Institute of Technology

MOSAIC will characterize the Martian climate
system variability both diurnally and seasonally,
on meso-, regional, and global scales.

8 linked investigations from the subsurface (ice)
to the exosphere and space weather.

10 spacecraft, one large mothership with small
spacecraft in various orbits (polar, elliptical,
aerostationary).

49 Science Instruments

Mothership (surface, lower-middle atmosphere,
thermosphere)

P-band SAR/Sounder

Wide angle imager

Wind Lidar

Thermal IR radiometer
Sub-mm sounder

NIR spectrometer

Wind doppler interferometer
FUV/MUYV spectrograph
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MORIE — Ice & Environmenits

A. Map and guantify shallow ground ice deposits across Mars together with shallow
layering of water and CO, ices at the poles to better understand the global water
inventory and atmospheric exchange today, and how ground ice records climate
change on geologically younger Mars (e.g., over obliquity variation cycles);

B. Detect and:characierize areas ofpaossible - present-day:liguid-water flow (recurring
slope lineae: RSL) and link these observations with ground ice, temperature, surface
composition (e.g.,.salts) and aimospheric properties fo understand the distribution
and potential for habitability of these volatile reservoirs;

C. Measure winds and characterize fransport and other dynamic processes to
understand current climate, water, and dust cycles, with extrapolation to past
climates;

D. Characterize the occurrence and fiming of major environmental transitions recorded
in compositional stratigraphic records, such as discrete hydrated mineral assemblages
and sedimentary bedding;

E. Carry out high-value, close-approach investigations of Phobos and Deimos.
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MORIE MOTIVATION - Water is the Key Link

SCIENCE THEME: EVOLUTION OF A HABITABLE WORLD

*  WHEN DID ELEMENTS OF THE CRYOSPHERE FORM AND HOW ARE ICE DEPOSITS LINKED
TO CURRENT, RECENT AND ANCIENT CLIMATE?

 HOW DOES THE CRUST RECORD THE EVOLUTION OF SURFACE ENVIRONMENTS AND
THEIR TRANSITION THROUGH TIME?

RESOURCE THEME: FUELING FUTURE EXPLORATION
e WHERE COULD GROUND ICE SERVE AS A RESOURCE FOR LANDED MISSIONS?

« CAN HYDRATED MINERAL DEPOSITS PROVIDE A VIABLE RESOURCE FOR LANDED
MISSIONS?
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MORIE Payload

Instrument

Polar-SAR

NGSWIS

MarsFire

MAVRIC

e BRgI&e[0l Dual Stereo Monochrome Cameras

Description

Full polarization synthetic aperture

radar

Radar Sounder

1-m/pix color imager

Next Generation Short Wave

Infrared Imaging Spectrometer
Mars Far Infrared Emission Imager

Mars Atmosphere Volatile and

Resource Investigation Camera

Center Freq or Range

400 & 200 MHz

0.41to 1.7 umin 20

channels

1.3104.2 um, at < 10nm

spectral resolution

6 to 25 um in 20 channels,

<1 um bandpass

04tol1.7uminé6to 12

channels

Pan

Spatial Resolution

100 m, sense ice within
3 m of the surface

2 km, 0.5 to 1m vertical

resolution inice

Acquisition
Mode
Continuous
nightside
Continuous
nightside
Selected
targets
Selected
targets
Selected
targets
Continuous
dayside
Continuous

dayside

Science Objectives

C1, C2, E3, supports
El, E2

Cl1, C2, C4,
supports ET, E3
C2-C4; E1-E4;
supports C1

E1-E3; supports C1,
C3

E1-E3; supports C1,
C3

C3, supports E4

C2, supports C1, C4




RADAR INSTRUMENTS

%
}

RASO

* P-BAND RADAR SOUNDER WITH 0.5 M
VERTICAL RESOLUTION IN ICE

POLAR-SAR

* FULL POLARIZATION P-BAND SAR, 100 M
SPATIAL RES W/ SPOTLIGHT MODE

1050 m

BOTH MORIE AND MOSAIC CONVERGED
ON A DUAL FREQUENCY SYSTEM

400 MHz PSAR
o 200, 400 MHz SOUNDING
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WHY P-BAND SAR / SOUNDER

* DEPTH OF PENETRATION — DRY SOIL W/ SCATTERS
o 225MHz7 — 25M, 450 MHzZ — 8.4M
« 900 MHz — 4.1TM 1200MHz — 3.1 DEEP SHALLOW

Detections Detections

e (PETTINELLI ET AL. 2007)

NUMEROUS OTHER PRIOR STUDIES SUPPORT CENTRAL
FREQUENCIES FROM 400 1O 500 MHZz

HEMIS, MONS

1
* VERTICAL RESOLUTION IN ICE OO Mz - -2 - -

_.‘ZOQ.M.HL_-%___—g___ﬁ___m.__

-!g-—-—'f.:———-s———l‘——- 5 m
B __3

g £
— 205MHz— =" T _3'_

/

 RESOLVE LAYERS IN THE PLD BETTER THAN SHARAD
e LESS SENSITIVE TO SURFACE SCATTERERS
* ADDRESS KEY QUESTIONS

* |CE EXTENT & VOLUME
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SHARAD reflectors

* DEFINE THE LOWEST LATITUDES WHERE THE ICE NEAR THE
SURFACE IS UNDER FEW M OF DRY OVERBURDEN
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IMAGING & SPECTROSCOPRY

« Im/pix imager with 20 channels, better
than CaSSIS with IR
Shared telescope SWIR/TIR spectrometers
« Improves spatial resolution & spectral
resolution over current observations.
Dual stereo 5 m/pix
Wide angle with 12 colors — UV-SWIR

MORIE C-IMG
I MORIE NGSWIS
CRISM targeted

THEMIS IR MORIE Mars-FIRE

Increasing Spatial Resolution (m) —>

Wavelength (micrometers) Wavelength (micrometers) Wavelength (micrometers)



MISSION SUMMARY

 SOLAR ELECTRIC PROPULSION ENABLES POWER FOR PSAR AND
SOUNDING, AND ORBITAL PLANE CHANGE TO SOUND DIRECTLY
OVER THE POLES.

*  SHARED TELESCOPE SWIR/TIR REDUCES MASS AND ALLOWS
CONCURRENT IMAGES FOR FULL MINERALOGICAL
DETERMINATION OF TRANSITION ENVIRONMENTS.

« 2 MY MISSION RETURNS 12X MORE DATA THAN MRO
*  FIRST RADAR IMAGING FROM ORBIT
e  RESOLVES CURRENT GAP IN SENSING DEPTH TO ICE

 REFINES PLD STRATIGRAPHY WITH BETTER VERTICAL
RESOLUTION IN ICE.

POLAR SCIENCE ORBIT

PRIMARY SCIENCE ORBIT,

*  MAPS CRITICAL ENVIRONMENTAL TRANSITIONS AT
UNPRECEDENTED SPATIAL SCALES.

e WITH 50% RESERVES, FULL MISSION IS OUT OF NF COST BOX AR AT AR 20 A e ecare o Do o et e
* |CE-FOCUSED MISSION WITHIN CAP

DIRECT
INJECTION LAUNCH THRUSTING - EARTH CRUISE TO MARS SPIRAL DOWN SAFE THRUSTING - MARS
TOAC3OF1 (2HRS) (CONTINUOUS) (4KM/S, 10-15 MO) (3KM/S, 6-12 MO) (CONTINUOUS) (CONTINUOUS)

NOT TO SCALE
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