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Science overview

e APPROACH is a mission to the Moon that
consists of a penetrator and an instrumented
relay satellite.

->Understand origin and evolution of the Moon

->Develop new infrastructure for the future

d
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planetary exploration




The penetrator

e Geophysical measurements (seismic and heat
flow observation)
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The relay satellite

e Data relay from the penetrator
* Impact monitor from the orbit

Abe et al.,(2018)
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Why the Moon?
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might explain why the Moon has a similar composition to Earth's mantie. The violent crash 3
blended both planets to produce Earth and a disk of hot debris that coalesced to form the SEp.lllll.H.-'llihl

HOW TO MAKE | Simulations reveal how a giant collision betwean two similarly sized planets (half-Earths’) 2 FOR AN ANIMATED VERSION
Maon (blue to red spans temperatures from balow 2,000 kelvin to more than 6,200 kelvin)

e & ¢t W™ w= <
Twa similarly sized The bodies are shearad Within hours, the debris heats up,
planets collide. by the impact. mixes and bagins to collapse.

MO(Zang et al.,2013)

LH B Molten Lunar Magma Ocean Olivine Accumulation Anorthosite flotation

T=~45Gyr — {F pe fractionation —_— {no fractionation

e LMO(Wang et al.,2015)
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Time before present (millions of years) This document is provided by JAXA.

(Courtesy of B. A. Gohen )

Number of asteroids or comets hitting the Moon




[ EXEDHEL | DEX

BELIITIDONH iAol

MMUZ«1—k/3\v%

Ogawa (2014)

7
This document is provided by JAXA.



BRIKkMM LD U—FDOEEE [/km?]

X 4

BREMFOIELE XK

107 E
" A15 )\ A16 1
102 | -
AN apex ]
E A12 ]
= Lunalé i 4
B Luna24 A1\5‘ = - Copernicus (A12) 7
10° | o
: antapex Terrestrial Craters ks :
[Grieve and Dence, 1979] \\ 1
-4

107 Tycho (A17)

4 3 2 1 0
T [Gyr]

CBICBIIRRBEREIL—IBEOMEFE (Neukum
and lvanov [6] M%), =#R(3 apex & antapex
TOO—hIGEER-ILV—-9BEH—T.

Morota and Furumoto (2003)

Williams et al.,(2005) .

This document is provided by JAXA.



AmEERE A

2017/12{22@ISAS .



Sustainable|ZIEE SN LSRR
BiEEZND104&ER:
YE—P,E2 22 THEEDREALETE (BFE) HEENEF

Seter Ponel (30 deg conted) Dalo Teamamizzion Asleena

Kaguya (2007-2009) Chang’el (2007-2009) Chandrayaan-1 ]
Chang’e2(2010) (2007-2009) LRO(2009-)+LCROSS(2009)
>
2007 ~2012

GRAIL (2011-2012) LADEE(2013-2014) Change3 (2013)

2012 ~2017

10
This document is provided by JAXA.



Science objectives

Objective 1: Understand physical condition of
the giant impact to form the Moon.

Objective 2: Understand thermal evolution of
the Moon.

Objective 3:Understand impact phenomena
on the planetary body.

Objective 4: Development hard landing system
for the in-situ geophysical observation on the
Moon.

This document is provided by JAXA.



Science objectives

The Lunar Exploration Roadmap:
Exploring the Moon in the 21* Century: Themes, Goals, Objectives,
Investigations, and Priorities, 2016

A Community Endeavor Coordinated by the Lunar Exploration Analysis Group (LEAG)

* ODbjective 3:Understand impact phenomena
on the planetary body.

* Objective 4: Development hard landing system

for the in-situ geophysical observation on the
Moon.

This document is provided by JAXA.




Science objectives

Objective 1: Understand physical condition of
the giant impact to form the Moon.

Objective 2: Understand thermal evolution of
the Moon.

Objective 3:Understand impact phenomena
on the planetary body.

Objective 4: Development hard landing system
for the in-situ geophysical observation on the
Moon.
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e Objective 1: Understand physical condition of
the giant impact to form the Moon.

-> determine crustal thickness, , upper mantle
velocity by seismic observation

->->determine bulk chemical composition of
“key” elements

->->->representative refractory (Al ,Mg,Fe)
(<->sample anal., mantle-core structure,,,,,,,)

This document is provided by JAXA



Lunar Forming Impacts

(a) Standard (b) Fast-spinning Earth |(c) Sub-Earths (d) Intermediate

Y My b Yimp

(a) Standard 0.13 1.02 0.75 1.0

(b) Fast-spinning Earth 0.045 1.05 0.3 20 (km/s)
(c) Sub-Earths 0.45 1.04 0.55 1.17

(d) Intermediate 0.3 1.00 0.6 1.0

All models satisfies dynamical constraints, next questions are thermodynamical and geochemical
constraints.
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Bulk abundance Moo n/Earth
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K 52585 :Example of Current Travel Time Analyses
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Travel time curve constructed from Apollo data do NOT have sufficient
resolution to resolve crustal thickness.

Previous studies used other sources of information

(e.g. ASE, receiver function; Nakamura ,1983; Lognonné etrey20089 »




e Objective 2: Understand thermal evolution of
the Moon.

-> method:heat flow observation (at PKT)

->-> abundance of radioactive elements(Th,U)
->->thermal state of interior
(<-> sample anal,electrical conductivity )

This document is provided by JAXA
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* Objective 3:Understand impact phenomena
on the planetary body.

-> simultaneous observation of natural impact
flush and seismic observation

( <->lab. Experiment, simulation, earth impact
craters, artificial impact experiment on the
planetary body)

This document is provided by JAXA



~10%-10°)

lﬁbf.(ﬁ%av & —0R{EE. NASA
TB3NEUE.

”l (i) Impact

Surface migration length

O Migration length per impact {

L e

B R

r-&fe 'ﬁ&-e&m-ﬁe&e‘-&%@ﬁ%’&f&f&ﬁg}g-
; .ﬁmﬂl o
b

..............

1'51.-5&&'5':"":" PREEER
ik -
fiVibration. ...

Yamada+2016

FERLSHIL—FEFSHERIGHK
SLOdYRD) S —2x 09 BEEEIRIE THR

~107-10%9)

This document is provided by JAXA2 3



* Objective 4: Development hard landing system
for the in-situ geophysical observation on the
Moon.

-> penetrator deployment

(<->soft lander,geophysical obs. by orbiter)

This document is provided by JAXA
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Chandrayaan-2(2018) Chang’e4,(2018) OMOTENASHI(2019) Chang’e5,(2019)
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>
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Payload
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Thermal conductivity
sensor

Temperature reference
point (printed circuit board)

Thermalproperties
measurement sensor

@ Relative
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Mission Overview
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(2019.6)

(10) Swing-by Orbit (Apogee—-1,200,000 km)
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Synergies with other missions

Kaguya(past)->global Th mapping, global crust thockness
Gravity Recovery and Interior Lab(GRAIL)(past)

->global crust thickness

Lunar Reconnaissance Orbiter(LRO)(ongoing)

->Reduce Penetrator landing risk

->global heat flow map

Impact monitoring(ongoing)

-> world wide collaboration of impact network observation
Lunar Geophysical Network(plan)

->NASA new frontier 5, complementary observation
FARSIDE (M4)(past submitted)

LUNETTE(Discovery) (past submitted)

This document is provided by JAXA.



APPROACH Strength

Addresses directly JSPS science objectives
two Cosmic vision
top decadal survey

High TRL for all potential instruments, especially,
penetrator system

World wide international collaboration of
planetary scientists

International and nationwide outreach activity for
impact flush ground observation

This document is provided by JAXA.
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* Lunar-impact flush observation

12/22@ISAS

* ISSI(Intenational Space Science Institute)Hhv\ > D18 11 (B —
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Statement of ISSI international team on Moon seismology
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