A, ZTLTAEABLNLKREEDHEEE
FIHER (JAXA FEREFEHZRR)

W% 1o 7o 2 HHIER, WEDOERIC L0 RIGORLEAL S HEIT LTKE, KRG ZE
IRBEET = AT -z oa R IZRLND L1, KGRRKITHE A R ERE
REFLCWA., —J, ZHRRERELZRET 5 KERREIZBNTEH, TOARE
1 TKFEOFHZEM~OMORITIE S R AR IGETR) &, TA-H A RSO R
U HETCIBE] CTHEIND. ZHUOHBEEITCEEIZEWT, KIS « AR
W& L TORENIIZ, ALFERISOBEARTH Y, {LFERIGEY E & =R LX—
DIFRITEHER & L TORE ZH S, OFV, —HT 2 &SRB RBERE DT
\Z& DRV FHIARE, T70bbIREREREEOBMEIZIE, B2 KRIEICK TS
KEREE Y AT AOEHBULEARR R CThH Y, £ ORI Z Z NSRS E R 7 e 7
T LADOMEERE D, T2, KEEU AT LAOMHIL, KERKIKOKDELIH -
EFEL - D EBONICT L2 EEETH Y, BARD BT IR RERAE Y
077 LAPNRS REFREE RS,

IKEREE Y AT LOBLR TKRIGRRIKZIH L, KO - b5t - oz 6
ML &9 & UEES, KEITHIRIEREREE Y 1 77 AomEE7e3 (FHH, 2018).
KEIL, KRBV AT A ZERMICRFFL, KO HbFEl) BXO 1507 128
T HIERERMT HME—DONHKETH Y, Fl-ERE DIbitg & LT, AR
BRI OREZRES . —F, KEREV AT A0S TH S ROEJR ] 13,
K2 2R TOWEIEERIBIE DR R A2 KT 5720, IO KGHRRIRE > AT A
PNCERE S 5 Z & COREMRHMGEZEDLZ ENAREE D, DFED, KO“ZIT
FrCHOLNKERIK k-4 - Hi- k- H) &, KB AERE T HKOE
DF"ThLH/IRIK UhKE - HE) OMBENLOOHRLEZRET HZ ENMHAL
L. NRIKIZBE LT, 1305, 139055 2, MMX (Martian Moons eXploration)
(272N D ) IR R D3 5] » SE S v T\ D, 2 T, EREREREEL
DFRAZRIFERE L LT-BIRH e B 7 0 7T AClE, ZHUH/NRIREER &1
W77 a 7o L LT, kBEAEE LT-EHTRIEEE Y v 7T AOFEENA VA E
5.

JAXA EEFHEEFMEBERITHE SN KBEERGIZ A7 7 4 — AT,
2030 XD TR EMTKE - AmBERA K EEREEE) 25% 20D~ A /LA K
— L REZ T, WIS B S U — X E B L TS, 203 ) —REETIT,
2020 FARD TMMX | B XY, Zhucke< [NEEE] « BRAHIN SR K 5 k2
FHRR &AM KEREEBRAG M) 2R E L TEmT 5. ARETIE, &K
—NEKERE~DOT 77 AL KEMTKE - AmBEOEREIZRD, 0652 k2
Hh R BRI R A S T e MRIR B e BB R 7 e T AT L VR L CW L SERS AR
5.
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FIHER (2018) K EH FREIFEAORFAETRE L O, FZ A, 27, 296-301.
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Many small bodies are born outside the snow line. These'are initially comet-like but can evolve to show a variety of faces.
By delivering water and Urgamc cnmpaunds these smaj] bndles may have enabled the habitability of our planet
When, who and how‘? |
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> Martian Moons eXploration (MMX)

P f Japanese next-generation sample return mission

PHASE-B STARTS IN JANUARY 2020
Launch in 2024 (TBD)

Phobos: remote sensing & in situ
observation

Deimos: remote sensing observation
(multi-flybys)

Retrieve samples (>10 g) from
Phobos/Deimos return to Earth in 2029

(TBD)

THE 15T SAMPLE RETURN MISSION FROM
THE MARTIAN SATELLITES!



> Martian Moons eXploration (MMX)

e ‘, Japanese next-generation sample return mission

MMX COMPLEMENTS MSR
Transportation to/from the Mars system

Retrieve/Return samples of Phobos (moon) &
Mars back to Earth

MMX IS AN INTERNATIONAL PROGRAM

NASA/ESA/CNES/DLR/ASI are intensively
involved

Samples will be shared internationally (TBD)

PHASE B STARTS IN FEBRUARY 2020



What’s next
after MMX?




‘Goals & Objectives

Ensuring Expansion of the Areas of Human Activities,
Exploring Hills, High-latitudes, and the Subsurface World
%

20xx

Key Technologies _ i
Entry-descent-landing (accurate landing & aerodynamic control) e T

Explore the surface (sampling, sci. instrument, small bus system)

Deep space transportation (orbital rendezvous, planetary protection) & T e J ,

_ : o e . ; /mm::ructureConstfuctio
. “Evolution of Water AR
(— Lander/Rover Exploration

*| Objectives: In-situ Sample Analysis & Surface Science
» Petrology/Mineralogy (e.g., P-T condition)
+ Geochemistry (e.g., dating, elemental abundances)

Chemical
Evolution

3 )

+ Biochemistry (e.g., biomarker/signature, life detection)

W

|
o

Distribution-& Inventory. of Water

2030s

. - N

: Small Orbiter & EDL Demonstration

. % i
Y | Objectives: Global Mapping & Landing Site Selection
' e » Radar sounder observation of subsurface world
y » Distribution, transport & storage/loss of water and volatiles
- Space weather and climate investigation at Mars (e.g., radiation) _

Distribution
& Inventory

/ 2 £ . Telecommunication
Origin & Delivery of Water - ‘

Martian Moons Exploration (MMX)

Objectives: Moon Science & SR
* Origin of Phobos and Deimos

= Transportation of water & organics in the early S5

. wimey sdwes

uorenodsuel] aoeds dsag

Origin &
Delivery

2020s

Participation of
International Mars Program (e.g., MSR))

(Intnernational Space EXp!E)ration Committee)



SUBSURFACE IS OUR NEXT TARGET

Exposed subsurface ice sheets (~10s m thick) observed in the mid-latitudes

Nature (issue on 21/28 December 2017)

Martian water stored
underground

Why did Mars lose so much of its surface water, whereas Earth retained its?
Models of the evolution of minerals on the two planets suggest one explanation:
the Martian water was drawn into the planetary interior. SEE LETTER P.391

of Mars also implies the existence of a crustal
water reservoir, but conventional spectro-
scopic observations are able to see only the
surface veneer. Wade and colleagues’ thermo-
dynamic modelling, together with remote-
sensing observations, offers a means to work
out the depth profile of hydrated materials,
and to calculate a reasonable estimate of the

3% 10" km’, which is comparable to the size
of the ancient oceans. Subsurface exploration
will be required to test both the hydrated-
crust and ground-ice theories, and therefore
to shed light on the evolution of the Martian
water inventory. m

Tomohiro Usui is at the Earth-Life Science
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MSR Objectives

International MSR Objectives & Samples Team

Society doi: 10.1111/maps. 13242

[ Me‘reom]

The potential science and engineering value of samples delivered to Earth by Mars
sample return

International MSR Objectives and Samples Team (iMOST)

D. W. BEATY, M. M. GRADY, H. Y. McSWEEN, E. SEFTON-NASH, B. L. CARRIER,

F. ALTIERI, Y. AMELIN, E. AMMANNITO, M. ANAND, L. G. BENNING, J. L. BISHOP,
L. E. BORG, D. BOUCHER, J. R. BRUCATO, H. BUSEMANN, K. A. CAMPBELL, A. D. CZAJA,
V. DEBAILLE, D. J. DES MARAIS, M. DIXON, B. L. EHLMANN, J. D. FARMER,

D. C. FERNANDEZ-REMOLAR, J. FILIBERTO, J. FOGARTY, D. P. GLAVIN, Y. S. GOREVA,
L.J. HALLIS, A. D. HARRINGTON, E. M. HAUSRATH, C. D. K. HERD, B. HORGAN,

M. HUMAYUN, T. KLEINE, J. KLEINHENZ, R. MACKELPRANG, N. MANGOLD,

L. EE MAYHEW, J. T. McCOY, F. M. McCUBBIN, S. M. McLENNAN, D. E. MOSER,

F. MOYNIER, J. F. MUSTARD, P. B. NILES, G. G. ORI, F. RAULIN, P. RETTBERG,

M. A. RUCKER N. SCHMITZ, S. P. SCHWENZER, M. A. SEPHTON R. SHAHEEN,
Z.D. SHARP, D. L. SHUSTER, S. SILJESTROM, C. L. SMITH, J. A. SPRY A. STEELE,

T. D. SWINDLE, I. L. TEN KATE, N. J. TOSCA, T. USUI, M. J. VAN KRANENDONK,

M. WADHWA, B. P. WEISS, S. C. WERNER, F. WESTALL, R. M. WHEELER, J. ZIPFEL, and
M. P. ZORZANO

Pre-Decisional - for planning and discussion purposes only.



Objectives Proposed for Mars Sample Return

International MSR Objectives & Samples Team

Proposed Sample-Related Objectives from the 2018 iMOST Study

Objective Sub-Objective
1| Geological environment(s) B Sedimentary System
2 Life Hydrothermal
3 Geochronology Deep subsurface qroundwater

. Subaerial
4 Volatiles
- Igneous terrane

5 Plan.etary-scale geology — Carbon chemistry
6 Environmental hazards Biosignatures--ancient
7

ISRU _ Biosignatures--modern

Pre-Decisional - For planning and discussion purposes only



International Participation, IMOST Study

International MSR Objectives & Samples Team

Countries Represented

Australia Netherlands
Belgium Norway

Canada Spain

France Sweden

« NASA requests a Japanese contribution to MSR by providing a suite of analytical
Instruments (w/ scientists) in the MSR’s Sample Receiving Facility

« JAXA cooperates with the community to support JP participating scientists

New Zealand
2=171

Pre-Decisional - For planning and discussion purposes only




CONCLUSIONS

* JAXA Space Exploration Center sets a long-term strategic Moon-to-
Mars exploration program including the JAXA’s Strategic Mars
Exploration Program (JSMEP)

e JSMEP endeavors to leverage small body and Lunar exploration to
MMX and future Mars orbiter and rover missions

* MMX is not only a first stepping stone of the JSMEP but also
complements Mars Sample Return

 NASA requests a Japanese contribution to MSR by providing a suite of
analytical instruments (w/ scientists) in the MSR’s Sample Receiving
Facility
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