RS FREL, A AP, KE S0, T AL S B, B Eg%‘l-
WA Rg’. B =R°, 5#H Exs, kRE __ 750, *ﬁi‘

INIFOERIO, Ko A2, Bl B2 {ERAR E'”,' QEF AL -
FH B, FI =00, 1M 5= OES - BR7 . MMX study team

1ALEE R, 2JAXA SRR T2 XS, 4 zijc%,;/" .6 HKRFE, T ELIRIE

8B HEASE. 0 MILKZE, 1045 K MKRIK S, 12 FEIRKS




MMX (Martian Moons eXploration) LB

* Phase A study (ISAS/JAXAT) AT IR

. NEE

: 71

e

e 2024%

3T B, Syl a Bl s &

=

Tﬁﬁﬁ/ I|&EPhobosH T IL)A—U &Y KNEFRED

’-I

LRENEZT)LERE D2 BB TR A 7 BA

(ER) WD

Images by ELSI



Phobos and Deimos

o [RE & & KA AL (of HiEkoD H)

« & & : Phobos =1.07x10% kg, Deimos = 1.48x10' kg
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Phobos and Deimos

e K7 JLARK (geometric~0.07), FRAZHUIT=REFAXRIEIL
> KEAHMIZECREXREKDBEEZRZ

FZFEANES> BEXREELERERE
- REMFMHE =D, T BY/\ERE - BEF1E=2.76R,, (P), 6.92R,, (D)
IRREEAICHD + j<2°, e<0.02
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MOI(MOE)

After reaching Mars Sphere, MOl 1-3 are carried out to insertintoan
orbitaround Mars
Total AV required throughthe missionis estimated to be about 5km/s

From E)rth-M)rs MOI_'Z_
tr)nsf-r orbit (Inclin)tion ch)ng-)nd
p-ri)psis rising m)n-uv-r)t

o)psis
Jpo)p NEBE
BABRN=5F

i Bk
BT

Bk
RERRER ; =

= Moi?
AV2 MEEE

%@@gﬁmﬁ WE%}Ej{

MOI-3

(Apo)psis ch)ng- |V|Q|71 | |
m)n-uv-r toins-rt into (to inj-ct into orbit
(hobos co-pl)n)rorbit Jround M)rs

Mars Orbit Insertion (MOI)




Mission Profile

*  Samplereturn mission from Mars Moon in round-trip transfer orbit

* Outward (1year) / Return (1year):

Launch & Interplanetary trajectories,
Mars Orbit Insertion (MOI) and Mars Orbit Escape (MOE) to/from Mars sphere

*  Proximity around Martian Moons (3 years):
Orbit around Phobos so-called “QSO” for remote sensing
Descent/Ascent and Landing for sampling operation

<{Proximity Phase>

)

Ascent Trajectory

\ Descent Trajectory




Proximity Operation, QSO

In operationon Mars Moons proximity, remote sensingsuch as
the surface observationis conducted on QSO as a home potision.

Motion Phobos

direction - D -
~

-,

Mars-centered inertial frame

anti-Mars direction

Motion
direction

—7

slc

A

e
Phobos
Mars Direction

Phobos-centered rotating frame

2D-QS0 3D-QS0

Example Trajectoriesof 2D-QSOand 3D-QSO

e S/Corbitsin parallel with the Phobos when viewed in Mars-
centered inertial frame.

 ButS/C appearstoorbitaround Phobos when viewed in
Phobos-centeredrotating frame (Quasi-satellite orbit).

* Planning3D-QSO with an inclinationto Phobos rotaion plane



Proximity Operation, Descent and Landing

In proximity operationaround Phobos, descent, landingand sample
retrieval arethe mostchallengingand risky operations in this mission.

Blue:
Fine Control

Descent P —— o — — — —
e 4 A e C‘N i Surface Image by ONC |
TCM_\:\ I/ Y | Descent ica urface Image by |
Altitude Feedback / ,/' White:
N VO-33 Control CoarseControl /' Y : " Safe :
4 ’
Cancel AV <:| s = Descent s | | |
Cancel AVAIt: e, D = il

1km (TBD) g 1 | |
VO-3.7 { (FLASH)LIDAR/ N | |
. i RADAR ! \\ | |
On-board Terrain _| ___ ; / | |

Matching W ; Red: .
AV to decelerat ﬁ/ | oynehronized/’ | Black:Ground |

o decelerate \ ' :
TM ReleasePoint: M N Descent |/ -\ | control Points © |
50m (TBD) puy s |
6DOF ControlMode | __ V0-3.10 v [ |
Hovering | ____=__________~2 L B - = = = = -
Final FreeFall - LRF/(FLASH)

LIDAR

o~

* |In descending operation, reaching from low altitude QSO until the
lower altitude in a ballistic flight

 AVisimplemented to cancel the orbital motion under conducting
the autonomous image navigation.

» After that S/C descents vertically and lands to the target point.



To determine the Phobos shape and topography
Range : 100m-100km, Range res : 0.5m

Laser Power : >20m)J, FOV of Tx : <0.5mrad
FOV of Rx : <1mrad, Repitation rate : 1Hz

Receiver loctronics

Mars and Sun
Observable ions :

Gain control

wr JL
ks
Digital
-

FAR
RX Telescoe for lnlll Range:
Cassegrain telescoy

Mg* Si*, 0,*, Fe*)
Observable ion energy :

Lasor Boam

‘Boam Expant

MacrOmega: Near IR Imaging Spectrometer (from CNES \
Global mappingminerals, molecula ?‘. -g- p ( ‘)/

To characterize the material distribution around the sampling site s ‘

To monitor the transport of H,0 vapor, H,0/CO, clouds, and dust in the Mars atmosphere
Detector : HgCdTe 2D array (256x256px.) Spectrometry : AOTF (Acousto-Optic Tunable
Filter) FOV : 6° Wavelength : 0.9-3.6um, Res : <20m @H=20km

A

MacrOmega is based on MicrOmega
of Hayabusa 2

MEGANE: Gamma ray and Neutron Spectrometer (from NASA)
To determine el ek
Observable elements : H, O, Na,
Mg, Si, K, Cl, Ca, Fe, Th, U, etc.
Gamma ray spectrometer

Detector : Purified Ge

Energy range : 0.15-10MeV

Energy res : 3.6keV @1454keV
Neutron Spectrometer

Detector : 3He proportional

counter (thermal and epi-

thermal components), B doped

plastic scintillator (fast comp.)

h the surface of the martian satellites

MEGANE is based on the gamma ray spectrometer of
MESSENGER (left) and the neutron spectrometer of
Lunar Prospector (light).

Instruments under st

* Water related (O*, OH*, H,0*,
. Solar wind (H*, He?*), Escaping from Mars atm. (O*, O,*, N*,
Ar), Reflected or sputtered from satelhte%HmHeZ* o,

N
1 OeV/q/B/keV/q \

Energy res. : AE/E~20%
il lon mass : 1-60amu, Mass res.
= Sun :
Digital | ’/
Controller

H;0%)

: M/AM~100 AN

MSA equipped on Bepi Colombo \\
MMO. Mass resolution will be
improved for MMX.

Telescope Camera

To determine the global topography and surface
structure of the martian moons

To characterize the topography around the sampling
sites

FOV : 1.1°x0.82°, ® : 110mm, FL : 950mm

Res : 24cm @H=20km

“+X (= Flight Path)

Mass Spectrum Analyzer Circum-Martian Dust Monitor

To determine the mass and energy of ions from Phobos,

To detect and monitor
« Circum-martian dust ring
« Interplanetary dust
* Interstellar dust

polyimide
film with . _
large area  a

(1256125x125mm)
3

Detector : polyimide film, PZT e Yo m
piezoelectric sensor PzT "
Detectable dust size : > 10-20 um (10mm®x4)
Dust velocity : >0.16 km/s
PZT's receive sound wave M
excited by impacts on the film
Sample Return Capsule
Spport 5 Ty
Enlarged from the Hayabusa 2 . ccise .
capsule system to carry larger ‘"“"\:"”’ “ “‘* i |
mass of samples | Q“ Sy # st isios

i
\

N B Q&’
w ~.al
P . Total Mass : 26kg
Sampling System

10 g including

Sampling operation start
P @2 1.5hr
<
imaging (10min)*[ |

transfer delay (15min)""
sample-site decision (15min)

Sampling operation end
>

* Compressed to 250KB, transfer rate at 2kbps
** Transfer delay ranges from 6min to 25min

command generation (min)
transfer delay (15min)

e oeration (somim) I

Touch down sam

\V/ 2.5hr A?'“
Larffling settlement Status col ation

i
i
MacrOmega/WAM
Color imaging before sampling MacrOmega/WAM

Color imaging after sampling

Wide Angle Multiband Camera

Global mapping of hydrated minerals, organics and the spectral
heterogeneity of the martian moons

To characterize the material distribution around the sampling sites

To monitor the entire Mars atmosphere with streams of cloud and dust
FOV : 66°%x53° @ : 2-4mm, FL : 13.75mm
Wavelength (width) : 390 (50), 480 (30),

550 (30), 650 (10), 700 (10), 860 (40), 950 (60) nm
Resolution :

* 20m @H=20km

* 10cm for 100m square near LS

* Tmm for Tm square @ LS
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Mars moons Exploration with Gamma rays

and Neutrons REILY - TR

5% 85 A5 OROCHI JKFNELY, Fe/Si, Ca/Si, etc

Optical Raidometer composed of K F I

Chromatic Imagers s (ﬁigﬁ;ﬁo)*ﬁ*;_ﬁ’ éfiﬁ% .
IR A A—D v & AEEEAEICEA Y TIL %IEE;'.%JEE&
MacrOmega cnés_ KERMEDHER) " ;ﬁf?é% "
{F BRI MSA S
Mass Spectrum Analyzer

2= AS TENGOO

Telescopic Nadir imager for Geomorphology

L—BIEEET LIDAR

Light Detection and Ranging A

F ARt CMDM SRR Y | MUNBRIZK S AL

Circum-Martian Dust Monitor
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e MARS EXPRESS®D Phobostg{&H/\L v

Resolution [n/pix)

45

0 : 0° < phang < 180°
UTC : 2004-05-18T08:34:14, End UTC : 2011-07-13T13:00:28 0° < inang < 70°
FOV : HRSC SRC % Canang < 20°




Conceptual summary of degree of previous explorations

Phobos ~
Geomorphology al lokal precise
m Im 10m lcm 0.1cm
i I loca recise
l itiml l ‘I’Ei I IOm im 10m plcm 0.1cm
10pm
Elemental info

Image resolution
Geodesy l . .
+rotat|0n/graV|ty (m lgé%)trl)?!nertia, gravitylggglaly) precise
Ambient les) high-res view in-situ measurement
plasma, particle

Mineralogy 0.1um
\ /

wavelength 1um

Deimos
Geomorphology global regional local precise \
Image resolution >20km 1km 100m 10m im 10m 1cm 0.1cm
Mineralogy 0.1umyy g globa| regional local precise
wavelength 1pum >20km 1km 100m 10m im 10m " lcm 0.1cm
10pm
d Elemental info
Geodesy _ :
+rotation/gravity (orbital, massps?zgaqlget%rael denmty)(mor%ent o?mertla gravltyla(%g%!aly) precise
Ambient distant view (plasmas, particles) high-res view in-situ measurement

plasma, particle

" | /




Conceptual summary of degree of previous explorations
Phobos and improvements by this mission

Geomorphology I IO |h plreclse01
C cm cm

Image resolution
precise
1 10cm © 1cm  0.1cm
Ambient

Mineralogy 0.1um
Ialgra tvadomal ) precise
plasma, particle - me'u remit

wavelength 1um
" %

Deimos
Geomorphology glob

Image resolution >20km

Mineralogy 0.1um

Geodes
Xcatlon/grawty

H local precise \

Im 10cm 1cm 0.1cm

local prease
wavelength 1um > 10m 1m 10m lcm 0.1cm
10um
Elemental info

Geodesy
nt o?lnertla gravity anomaly) preC|se

+rotation/gravity (orbi a
Ambient i i rt|c s) h|.es w. in- . melureme't
plasma, particle
\ /




N AR »
sEEYTUVT
c (INEAXREADEEEREEYTIY
« ZRIRT—IL<10cm QMO BHILIE. T2 5E
s BHEHED2cmLLiFE>10 g
s YZEalL—A—La7o—%HAEDLERVATLA
« TOGRINEZETE

Sample Container
in SRC

Sample transfer
Mechanism

1000mm

I/F Panel of
main body
Sample Hold Mechanism
<
Samplin@operation start 1 ghy Sampling operation end
imaging (10min)*|:| *  Compressed to 250kB, transfer rate at 2kbps

transfer delay (15min)**|:| ** Transfer delay ranges from 6min to 25min

sample-site decision (15min)
command generation (5min)
transfer delay (15min)

Touch down sample operation (30min)

Ascent
Vs 2201 »
Landing settlement Status confiffmation
I N
MacrOmega/WAM
Color imaging before sampling MacrOmega/WAM

Color imaging after sampling
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Recovery of samples and initial analysis:

Feedback for screening

Sample analisys flow

Returned samples

Screening with Optical microscopy/ / SEM

>300um

~1000 grains Phobos sample Mars sample candidate
N Detailed mineralogy

~100 grains and petrology { 7

Captured Asteroid or Giant Impact

Exotic

Mars sample

Bulk chemistry /
Isotopes (O, Cr) ‘ )
~ >1 mm 10-20 grains .~

Characteristics Impact event
of Asteroid Impactor
Volatiles/Organics Ar-Ar ages

.~ AlFMg, Mn-Cr ages Impactor isotopes

I

\/

Origin of

e

cotic matter

11%)

Early Solar-System evolution
/ Origin of the asteroid /
Capture process

Impact age / Volatile
supply to Mars

Surface Geology incl. space weathering

Dating
Volatile isotopes
Mineralogy
Paleomagnetism

"V

Martian surface
environment
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