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Sciences for the moon and solid planets toward
planning future planetary explorations
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Kiyoshi Kuramoto and Eiji Ohtani
The first stage panel for solid planets
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¢ KHI0FDEMNEDXREFREDEELLD
E—RDOYVAIUOREHET D
Survey and extraction of scientific issues of most

importance for potential japanese planetary
missions in the next decade

o RN\ TII BB E EAREICEET
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Our panel deals with science on the moon and solid
planets




FRET D218 sequence of survey

2011 Jan 22 KRERRZ-KFHE - -RNBRENRILDES
2010 Dec 10 /MNERARNRILF &

2010 Dec 07 ihEk %Y=k £ E{A/ R )L 5 F= open specific forum about solid
planets at University of Tokyo

2010 Nov 29 MiBkBIE XK -HERBE/N\RILDRE

2010 Nov 25 ZRkONAAOD—/RIILS T

2010 Sep 10 TESH10F 15 —EFED A FETERE open general forum
(supported by Center of Planetary Science, Kobe University)

2010 Aug 31 F—EE/ARILADERE ~ 1Y) deadline of opinion from
community members to the 1st stage panels

2010 May 26 SFE—EXFED /SR JjLIRETHEIT briefing of preliminary survey in
each 15t stage panels in JPGU meeting

2010 Mar 15 F11AZEBHAREICTI L1045 7FEFEN

2010 Mar 10 omlIZTIESH 105 JEEID KB

2010 Jan 09 E#HEHE, F—EBREON\RS— F_EREOZEREEEDRTE

2009 Dec 18 BEEZEXTIRKDHI0F JFMNKEBIND

2009 Dec 13-14 FRFJZREICHTOIER BRI X7 ) ICTRELR
Z= discussion and proposal of survey program
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;JL Opinions for our pa

e N\RJLEITIEZHRZD 20 IRE
The most overall opinions among the 15t step panels
— 20 opinions
— A Moon=7, X & Mars=8, {8 - T D1t General or others=5

- 7J<E EE(CHELZRRGL, —RRBEREDLDH
IZ8&
* No opinions specified for Mercury and Venus
e Some general opinion contain them

« NEAMNEFERR-FERR - MEFARGEKRR
Various styles

— Each focusing on scientific issues, methods and technique,
or synergy among complementary method s and targets
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planetary physncs, geology and

OBaH biology by multi-site exploratlon W|th
I \@,a"ﬂ{‘b"uﬁ{,,ﬁ“ alor micro chemical analysis device =

L e ‘~~0‘$@mple return of crustal and ',-:' vanablllty y &

‘mantle rocks from the Stut " Mars evolution ff

- of interior b¥ 3 Copetnicus crater

" seismometer . | B

ATFELN) WORR %In=situ radio isotope chrdny Ly

: <) " %In-situ elemental analysis of

trehrégh;gpnm?r “8 .. surface materials by LIBS® .

th: Cr p nm& &O ap | *Study on carbon and chiorine (‘vﬂ *.3..- g

# Lty 9 ) s A bearing materials e 1T Internal structuremu
“"* X *Explorations of internal structu 88 by observation of e
ample % N by geodetic measurements S=jander network \‘

XComparison of.various OEproratlon of
evolutlonar dkagks among icy .




HMFEIZEOEHE
arrangement of scientific issues
¢ FIERN\RIILOREIEHFEEDHE

The primary role of 1% step panels is the extraction of
top scientific questions for future exploration

c REDHFHICERZEVWTE—HROMFE

A
method and originality.
FEIAICO—TEOERE. HEE It EEGEH R
— N\RSNEREMLR
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general scientific significance of solid planets
o HIBRKDFCREAEL DR IZEHRS

direct contributions for understanding the origin
and evolution of Earth

EARRE =HIKICEL oL EE DELXRIA.

FOEE. BR. AEHINSIHEEZTTORERZHS
C LR E DR L AL O e % H 5

Solid planets are the bodies most similar to our
planet. Their structure, phenomena and
geologic history provide us key information on _
the processes for their formation and evolution [ gFe® "R

iﬂﬁbﬂﬂ@?&%b\%h%hﬂﬁl EZF IR~ L Lo
ENRL-REEHELAIZTES e
They tell us conditions and mechanisms that
bifurcate diverged bodies
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general scientific significance of solid planets
o X532 (AR D0 ERIEIR

memory of the solar system history

AR ENBICHE R ZRZAT-RIFE., KERER
0D FESE D BAF7S R ERIRAR

Smaller bodies with low intrinsic geologic activity
preserve records of early history of the solar system

R EHIEDINRIFEER

MNEDEHLEEOEILTRE

TE=Dr =T HFHNY

Telling us information on the external factors possibly
affecting the planetary evolution
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panel recommendation of primary scientific issues

« ARENTIEEDAZEA

Internal structures of solid planets including the Moon

. %ﬁ?-%fﬁﬂ?@i%ﬁl:;éﬁ =% 2 ELDfE
Evolution of solid planets as revealed from the

development of advanced chronology and material
sciences

c BASInERBELI-REBIRIEDZENEDAEEA
Variability and evolution of surface environment
coupled with solid planet
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Internal structures of solid planets

*%Jﬁ’%ﬁ& \ﬂ:JkM(is» CREEIED
ROUEE &??ﬂ‘ L)

Constituent materials and internal structure
are the key information for the origin and
evolution of planets

ATI Ltz E -7 A XL FEE
The crustal thickness and core size remain
poorly constrained even for the Moon

Lunar AGTHE], Rk — ’)"ﬁﬁ%’i’ﬁb
,D\Eiﬂi;z&"?;: BT, BEE R

Japan accumulates leading technology and
theoretical basis for the seismic

exploration of the Moon and solid planets Y S
thorough the Lunar-A program and o -
penetrator development Attempted tomography using

Apollo seismic data Zhao et al. (2008)
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Internal structures of solid planets

. Bt BRI - BRI S RME DR AR A
S LI St S fo ek =

Combination with geodetlc electro- magnetlc and thermal
measurements and surface material analysis is useful

o A HIIRBIRE  KREUNREROLEERNEFELL

Comparison among the moon, terrestrial planets, and large
asteroid is desirable

YL station

Lunar gravity map from Kaguya data VLBI using an orbiter and two landers observes
Namiki et al. (2009) precisely the spin rate variability
Sasaki et al (2010)
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Evolution of solid planets as revealed from the development of advanced
chronology and material sciences

. —r VLU VFEENTE. B
E’J&?J‘F'Tlih\?&bbhé T .

= < 90 vol % [J|

A large number of remote sensing missions [ B

u Larg

have accumulated high quality data and
images. Complementary approaches are

desirable

« JL—SEREREE LY
T—4IC J:é,\ﬂﬁtﬁ& IS TE 1%
Thoro romain 1tncortaintioc in tar

chronology and material c 0S
deduced from remote sensing data.

Discovery of purest anorthosite
From Kaguya data
Ohtake et al (2010)
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Evolution of solid planets as revealed from the development of advanced
chronology and material sciences

Et?&iﬂj*z n‘bH PWICKHAIL—2
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KB R2HDBEMBEEDEY £

Improvement of the crater chronology by
sampling and analysis of rocks from new sites.

EHIKROBEOIGEREBOEESHT
Hh B #E i EBEE D 1 - R R

Direct analysis of samples with identifying
geologic context.

- RERA FEAERomERE LS e
RADRREEILDF —

Direct analysis of atmospheric compositions to

constrain the atmospheric origin and Optics of laser induced
evolution breakdown spectroscopy

Namiki et al (2010)
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Variability and evolution of surface environment coupled with solid planet

« KR&E MEIXNFH. MERE
o 7555_112’; - FH. YWEEF

Atmosphere and solid planet interact
dynamically and chemically

%Egﬁﬁ’]l ZFEEZEDEE, B,
159 &) 4o E R B th EE £ R

In short time scale, it induces variation of
planetary spin and gravity fields and

lAano norlnr~| caicmir ntinn with c All
iViig MTiivu seismic motion with smaii

but detectable amplitudes
. WﬁBFE S RET HEBFIERICLY
/5“)/7 AJ HE

These may be monitored by applying
technique observing internal structure
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Nishida et al. (2000)
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Variability and evolution of surface environment coupled with solid planet

Upper Mantle
(Ol + Opx + CPx + Gt)

. ?EHEI’J( RREBREODEH - ELZED=D

In long time scale, the coupling may cause
change of surface environment.

- BERZEOEXREYE)H—N\—H (X,
%EIR% IR, RARAKAER S EDFHIF

Constraining of volatile reservoir size in solid
planets, history of surface environment, and
degassing flux and its compositions is
important.

« RRJEFLLGVRAEDLIYZDYEFF
I, ILEE’X%E" A5 E R
KIS E BB R S DN TR A e

External factors affecting the surface A P . TSR
environment, such as heavy bombardment, Coesite grains in a lunar
solar wind, and historic solar activity, may be meteorite, possible probe of
constrained by analysis of regolith samples '
from airless bodies.

bombardment history
Ohtani et al (2010)
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Our survey is ongoing (completed in June)

o FILLFREMFEHPEIEZSH

https://www.wakusei.jp/~decade_sec/wiki/open/




