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=22 (1 MEP is healthy
> O Operational assets returning remarkable science
O Budget supports current work

“, 0 Mars 2020 development proceeding well, nearing PDR
: 0 MOMA fabrication underway
:*—-,; O Planning for the future is a pressing priority, as the 2022

w-=--_ opportunity is only 5 years from the current budget planning horizon
= : U Replace and update aging infrastructure

O M2020 is our only mission in development

0 Respond to NRC Decadal Survey science priority of MSR

*H O Collaboration on Science/Exploration synergies critical for the

2020s
O MEP trade studies
Q Joint MEP/HEOMD/STMD trade studies
0 MEP/HEOMD co-chartered MEPAG SAG activities
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Mars Panorama

“compliments of Curiosity”
9 Sept 2015
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What We’'ve Learned and Still Need to Learn at Mars

Orbital environment and
operations

Deep space navigation

Orbit transfer near low-gravity bodies
Gravity assist

Aero-braking

Gravitational potential

Mars’ moons characteristics

ISRU potential

Return flight from Mars to Earth
Autonomous Rendezvous & Docking

ISRU feasibility

Resource characterization of Mars moons
High-power SEP

Capture, EDL & Ascent
at Mars

Spatial/temporal temperature variability
Density and composition variability
Storm structure, duration and intensity
1 mT Payload

~10 km Accuracy

Ascent from Mars

Large mass EDL

Precision EDL

Aero-capture

Site topography and roughness
Long-term atmospheric variability

Surface Operations at Mars

Global topography: elevation and boulder
distributions

Remnant magnetic field

Dust impacts on Solar Power / Mechanisms

Radiation dose

Global resource distribution

Relay strategies, operations cadence

Landing site resource survey

Dust effects on human health, suits & seals
Rad/ECLSS in Mars in environment

Power sufficient for ISRU

Surface Navigation

Strong Science and Exploration synergies motivate precursor collaboration




Operating At and Around Mars

Orbiters

Landers/rovers

Viking Orbiters
Viking Landers

Mariner 9

-®
Pathfinder
Opportunity
Curiosity
—

MEP operates successfully and with longevity, but our
infrastructure is aging




Mission Synthesis
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MSR provides a strong foundation to address Mars precursor objectives




How can these objectives be pursued?

FHSQ@-SAG

. Human Science Objectives HLS?
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Where & what should humans explore

NRC Planetary
Decadal Survey

Science
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What are the Base & Exploration Zone
criteria? What & where are the
resources needed?

NEX-SAG
Next Orbiter Options

Co-hairs: R. Zurek °
Ex Officio: Meyer, Bussey
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Science
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Conditions

Ancient
Life

Mars Orbiter

2022
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Landing Site
Selection

Optical
Comm/Relay

SEP
Rendezvous
Remote

Sensing
Instruments

Round-Trip
Surface to

EDL
Evolution/
Instruments

Mars Ascent

Surface
Navigation

Returned
Sample
Analysis

Conceptual Integrated Campaign for

Exploration
Precursors

Surface
Power for

ISRU

Rad/ECLSS
Validation

Increased
EDL
Mass &

Precision

Science
Instruments

Robotic precursors fulfilling the Mars Sample Return objective intrinsically inform strategic
exploration planning by providing invaluable flight experience




Next Orbiter (NEX-SAG) Findings

A 2022 Mars Orbiter utilizing Solar Electric Propulsion (SEP) and
advanced telecom in a 5-year orbital mission, could meet challenging

objectives for new science, resource prospecting, and support for future
missions

« Launch in 2022 to replenish infrastructure and to make progress on
returning samples from Mars to Earth

o  Back-up relay for 2020 Mars rover support in final years of surface operation
o Feed-forward for release, rendezvous and capture demonstration
o Telecommunications support for future “sample fetch & return” flight mission

SEP brings several advantages
Mission design and execution flexibility
More payload mass and power

Enables orbital plane changes for diurnal coverage (e.g., RSL) and polar/non-polar survey of ice
Provides fly-bys of Phobos and Deimos on way to low Mars orbit
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Advanced telecom provides coverage for high-resolution data

ploration resource prospect
ent approaches can address both.




Multi-function Orbiter Concept Accomplishes
Three Core Functions

Multi-Function Orbiter with
Solar Electric Propulsion and
High Power Solar Arrays

Decap!al Spience, Reso.urce. 2. High-Rate
1: Remote identification, and Landing site
Sensing reconnaissance to support future
missions

Telecom
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Sensing

Telecom

3. Sample
Capture
Payload
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3: Sample Demonstrate sampllle.rendezvous
Rendezvous and capture capabilities, and play an

operational role in return of samples

Capture & after completion of all primary

Return mission objectives
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NEX-SAG: Conceptual Payload Approaches

to meeting the science,
resource, and reconnaissance objectives were identified; other

approaches may be proposed in response to an open AO.

of HiRISE-class or better (~15-30 cm/pixel);

Polarimetric imaging with penetration depth of a few (<10)
meters and spatial resolution of ~15 m/pixel to search for shallow ground ice and
crustal structure;

mapping with a spatial resolution of ~6 m/pixel (3 x CRISM)
with sufficient spectral resolution to detect key minerals;

for wind (first—time from orbit), temperature, &
water vapor profiles with 5 km vertical resolution;

for aerosol (dust & ice) profiles;

mapping of thermo-physical surface properties (e.g., ice
overburden) and surface composition;

Global, km-scale, to monitor weather and surface frosts.

C these capabilities could be prbyi ed b




Orbiter Concept Planned to Provide Programmatic Flexibility

=~ *Withrefueling, could
become a nascent
Mars tug




Candidate Comm and Relay Capabilities

Deep Space

Network (DSN ) Orbiter Comm and Relay

DTE Link Proximity Link

Palomar
Telescope
(receive)

A~

Table Mountain
Telescope
(uplink)




Efficient Sample Retrieval can be Achieved with
Evolved Systems

Key functions:
o Retrieve Samples
o Launch to Orbit

4

Key enablers for efficient sample retrieval:

o Improved landing accuracy (order of magnitude)
e TRN sensors and control
* |Improved velocity triggered parachute deployment
e 25% more EDL fuel

o Evolved EDL capability — 1.5mT (50% improvement in landed mass)
e lLarger (4.7m) heat shield (MSL 4.5m)
e larger (27m) parachute (MSL 21.5m)
‘ imple retrieval tasking)




Potential Exploration Zones for Human Missions to the Surface of Mars

570 180°E 210°E 240°E 270°E 300° E 330°E 0°E 30°E 60°E 90°E 120°E 150° E 180° E 57°
I “,‘ ( ¢ A5 VAST'ITAS BOREALIS ; ¢
i i .
50° L L O] L i . sl . . | I vl ok 50°
ARCADIA 7 P ﬁ H , () W
i i o ACIDALIA A [f(0) @[ﬁ]ﬂ (IS 1| 'ARCADIA
(PLARIIES %@@%%%%m y PLANIITIA@%{E@F@WEHM@ R e U'TOFIA(. !
©) | ﬁu@lﬁ@@@’ '\"f' Al N e J PLANITIA
Erberus [ % : ¢ il e R g . ‘;*Bﬂﬂq@gf‘u
w0 Montes & % il alo®. Jalles S p 'PWS@ -
: i ) N ) 70 Chr §@I Dﬂ@[ﬁﬁﬂ@ﬂ@ Juu@“ﬂmjmw W Eebrusii «
' AMAZONIS LA i1 ¢! D@@@@ﬁ/“ @ @ DﬂOLﬂ@ ..W?JUUD& R | i ! Valles i 2 S
e b il . ¢ G R it o g0y . A T
‘ ¢ PLANITIA ; ) ) e Vallles. i ) M c l—.a@ﬂ ﬂﬁ[@ LR a\f\ dut ﬂ T A by @Z@D’@ @ IS ’ { O A ] i
n o ) J'LJ by \‘( A€ [ A T L A G « ﬁ ! [ @@lﬂ:@@mmg {
"" A .( S " 4 08 M, ANES, .‘g,( g@%@p T e ’ ( :@u WA
! M@W@]Dgﬁﬁﬂﬂ e e HR,HA'J PLANITIA d 0 i ik
o) \ ; Pﬂamwm ol ¢ Aeees ‘ b
0° : 2 J.". Ara m ‘ ¢ b« ; “‘ 0 :‘ 0
e h@O@ / Qom[m@m e Ap@ﬂﬂum@mﬁ@
S \ @Dmﬂ@ <JUL@md]i@mﬁ ‘ { jiSulcifs
@ =l gl=! o Vo)
L ‘Meridiani i [’ﬂi-@t,@ S
@%@ﬁ%\b@é@)’ ;/4. | (DAEDALIA PLANUM s RS A VRS Rl i i 1 ‘ ki o 37 y IS ‘
[?@t@[}" (e S . e f i f ey S (i ‘ Alsonialie
-30°1 . i} § ‘ RN Y 3 ‘ f;m A : Al { b o i 1@@“«7@@ X
it Y : g gL e oA R
@m@@gmmé)( Rt 4 4 HaloygRRleChi it 8 ‘[e(('év ) ;
ASBAL ! i) ¢ ') f‘ ""‘, 8 r'
) S sm;nul& £ Xl fayl AONIA' fie ( ; “,‘ Uy { i ( n\ /i
O @U’D’JD@UB@X_ R TERRA 5 ' e L Yo ¢ ;
50 Wﬂﬁ@rﬁ b ; 3 ‘r : ‘ G R A Lot el L -50°
& \/ ,(\ U " i \ T t i 4 T (Y R T ;!‘ T PN T " \( ’r' RE: \“
p AN b s ‘, “ ( 2t ".’ b a‘l PLANITIA % |00
\ 0 Jomy P R \ b i Nl Bl
b N AT D ALl T 1st Human Landlng Slte Workshop A i AR
180° E 210°E 240°E 270°E 300° E 330°E Octo ber 27_30 LPI 150° E 180° E
I._ Efﬁigiﬂ!—ff;fié?gﬁluoo_rﬂn“_?;:;m_m;g1‘ version 2.0 Sept 11, 2015 Prepared By: Lindsay Hays, Mars Program Office

lhays@jpl.nasa.gov




Astronaut footprints
on the Moon




