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What is Japanese Society of Planetary Science
Relationship with JAXA / ISAS

Promotion & outreach of planetary science (Solar system bodies & exoplanets)
Creation of roadmap & projects with RFI reports to JAXA / ISAS
ISAS/JAXA selects and performs missions based on roadmaps (Hayabusa series)

Recently, JSEC is becoming an important mission implementing organization (Artemis)
National policy

Space Science missions 3 c
M-class (strategic based on roadmap) > ISEC OOperat/'o
3 missions / decade @0005 ndustries
of

S-class (bottom-up)
5 missions /decade ISAS -

JSASS, etc.

Small-class projects (incl. international) .;U
3 Missions  ENngineering
Roadmap

UV X-ray Infrared high-energy JSPS SGEPSS
Astronomy & astrophys. Solar System & Planetary Sci ’



FH(CHEMNIZEs

kR, JO>7 1 PHhK

AERICHBITIEREFUREIRE (CHASE) DOEf%

A. FiZBK

SinE

DR - b

([FPRE

Al.XE-EER | A2. RS
DHZRL - 731E

I\

IREOXG

ZE S
2V bs KRR S

BEL

S

p N EAD -t (b.1.1.2)
+— OKEANOS
2029-
o (b154) \ oAl te—————— = (b.1.1.3) :
G152 NENEE) Dragonfly 2 L0 414> K& - B8 ;ﬁ%ﬁ& —
2026~ /{vuan ==l 0 Mk |_ 202030F% -
1 ‘tﬁéﬁfé? uEEw < RO
- - I AE RO
' (b.1.4.2) 1
B - PO 4 HERACLES L preverull
5 s - 2 | .
E |_2020etei | RN gt - A
————————— S (b.1.1.1) — A~ ~t —=
R 1 o WREEMHONERRE | MMX | NEAERE it N
| 2020%ATe ) >  NEMEOILR _ Sesa NEBEDEE b.1.5.3
'---------'mm KORIR - U8R Spmpe e y WSOV
(b.1.5.1) ﬁi {b 1.5.2) S 2025-
HEEQ_IRI Maoon Diver ’J‘ﬁ (b.1.2.1) BEYIDATE
ﬁ kﬁﬁiﬂ 2024- DESTINY+  31h - HHE "ﬁjﬁ'l
2022- ESLEE S
SL.IM SR
= FEAYN (FXo 2
Eﬁ%%% ” e AR e =

B1.7KI:1d
Ik

20404

20305

NEFEH
R TR

AR

EfFFERE |
ko1 A%

il ol s
fhi1y

f1E#® or
i e

BEMNRw 22 DHE

DHERHD
LB 5 LIFETIE

<. 1T AHE
Ho@ e S = iAo




Background of decadal survey

v' Future direction of Planetary Science community?

* The first decadal survey held in 2010. Updates in top science and key technology.
* Flagship mission after MMX (Mars Moons eXplorer)?

* Change in concept of mid-class mission by JAXA/ISAS (from bottom-up to top-down)

* Matching between instrument development and future vision of the community

v' How to maximize the new opportunities?

* The Artemis program (international space exploration) / space industries
* Planetary explorations by cube sats.

v’ Best timing to update and rebuild the roadmap



Artemis Program

v Sending humans to the Moon again
v From the Moon to Mars |
v’ Industries to space (e.g. Space X, TOYOTA) ﬁ
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International Moon exploration &
development (Artemis & more)
Science themes by JAXA/ISAS

* Space observatory on the Moon
*Sample collection and returns from the Moon
* Lunar seismometer networks

Space industry vision of R&D on the Moon

* Lunar missions by industries with high frequency:

e.g., ispace, Toyota (2020-30)

*Humans, including planetary geologists, on the
Moon (~2040)
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Objectives and outputs

Stage 1
Top science and

top technologies

2021
Summarizing global trends of top
science and key science and
technologies by Japan until 2040’s

Discussion in sub-panels
(terrestrial planets / small bodies
/ outer planets and exoplanets

Searching new matching of

science and key technology (seeds
of missions)

Science goals in 2020’s, 2030’s and
2040’s with strategy of technology
acquirements

Stage 2

Strengthening
mission proposals
for mid-class +

2022

v' Making realistic & strong mid-
class missions in early 2030’s
with science significant (future
direction and flagship of PS)

v" Preparing multiple proposals &

missions for cube sat, small-
class, Artemis, and industry
missions (maximizing new
opportunities)

Inputs to GDI (Group of
Discussion Intensive),
responses to RFI of
ISAS/ JAXA

Inputs to the Artemis
program (JSEC) and
space industries

Inputs to Sci. & Tech.
Society & governments
(Sci. Council of Japan)

WG or RG in ISAS/JAXA



List of proposals for stage 1

 Terrestrial planet panel
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List of proposals for stage 1
« Small body panel

CAESAR
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 QOuter Solar System (SS) & exoplanet panel
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List of proposals for stage 1

 Proposals for multiple panels (basic techs.)
— BEIREH
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Total 46
proposals



Partner with

Science roadmap of outer SS & exoplanet panel  Jhivee

« Comparative study on formation/evolution of planetary systems — Mid-class O Cube sat.
Themeless understanding of star formation to planet formation <>qu||-(;|055

e Atmos-surface-Interior model & observ. — Life sighature & habitability
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\N

Organic

A

<&
<«

_ Interior / activity
Trace in atmos./biomarker Seisrology Icy OO S REX- Exoplanet

>

A

atmospheres ~ Jupiter’s atmos.

<:> Artemis (JSEC)

NASA / ESA
ife detec $ tim
Ganymede time
lander(seismometer/
/LIBS/Mag./Rader) 2040
ragonF
geology

. Snowline in protoplanet. disks PLUS
. <EnN NI= <
Origin of rings
ures g g /\Isotope chem. -« Upper atmos.
Atmos. escape

=———7Saturn ring F
————————— dmpacts — —_—— - _———— — -
Juplter lo FB Thermal evolution of Ig Ariel Mid Atmags. Observ.
7 rie
Formation of Jovian sys. Planetary migration
Transit exoplanet survey LOTUS J@Mplanet detection
Id-Jupiter detecti
Cf d-Jupiter detection /\,Upper atmos. /Atmog. escape
) Planetary WSO HZ planets

aging gf exoplanets

migration

C1.Chem. | A2. Transport of | A1. Formation and
evolution | puilding block | differentiation of

of planets hlane

Geology/chem. of

Plume observ.

——————— - 12030
/AMM Chem.
Of Europa
Lunar T :
Microwave
observ.

Exoplanet atmos Plume chem.
P AMETET B 2022
JWST




Science roadmap of outer SS & exoplanet panel

e Comparative study on formation/evolution of planetary systems —

Themeless understanding of star formation to planet formation
e Atmos-surface-Interior model & observ. — Life signhature & habitability

2040s
* Origins of life based on its detection beyond Earth

 2030s Science goals

5. (Extra: Giant Impact observations)

§ 1. Life signature involving life sci.

i 2. Modeling of atmo-surface-interior of SS

% bodies & applications to exoplanets

A 3. Continuous understanding of start

5 formation and planet formation -
C -
0

E 2020s Science goals .
5 4. Comparative planetary formation/

_g evolution for different star type & planet .
o mass .

Exoplanet 2040s
e NASA6MST

Exoplanet 2030s

Outer SS 2040s

e Ganymede lander
e Uranus orbiter

Outer SS 2030s

Characterization of planetary

atmos.(GREX-PLUS)>
Potential biomarker !
Ground-based telescope?

Exoplanet 2020s

Survey Obs.: Diversity
(LOTUS/JASMINE/ROMAN)*

Characterization (WsoO/Ariel)?

HZ terrestrial planets(JASMINE)* ¢ Mar atmos. & escape (MIM)*

Icy bodies

- time

2040

JUICE/LAPYUTA/DragonFly/E.Clippgr,

Lander)?

Biomarkers?

Ring(Saturn ring FB)3

SS formation (J. Trojans)3#

Outer SS 2020s

e Satellite formation (lo FB)?#

e Comet Explorers3
Inner SS 2020s

e Gl (MMX/Artemis)>

-2030

2022




Technology Roadmap of outer SS &
exoplanet panel

@ Required
‘ Useful

SAP

NASA 6mS

Mid-class

<>Small-

class

Data Trans.

Irradi
ation

Partner with
NAS/ESA

D Artemis (JSE

Cube sat.

Data Archive.

Life microsco-e«

2040
<DrogonFIy 2 ——

LAPYUTA —@—=

ro—

Lunar T e

X

<WSO/ArieI 7
In-situ measurement

2022

Basic technology




e.g. Key technology for 2040’s: Strength of Japan

Seismometer (Outer SS & exoplanet / Terrestrial planet panels)

2026-2027 DragonFly: Seismometer FM
Late 2020’s to early 2030’s Lunar network + Mars
Active seismometer @ Moon
Late 2030’s to 2040’s: Application to small bodies, Mars, and icy bodies (Ganymede lander)

Landing and Rovers (Outer SS & exoplanet / Terrestrial planet panels)

Strategy : Pin-point landing/TRN (Terrain Relative Navigation) on Moon (2020’s). Pin-point landing on Mars
(MIM+: early 2030). Landing and rover on Mars late 2030. Icy satellite (Ganymede) rover/ lander mission
2040’s

Issues < Battery (low-T and large V), data transportation

CMOS sensers (Outer SS & exoplanet / small body panels)

Issues : Space-proof CMOS-> Sharing info (LOTUS/LAPYUTA * JASMINE/WSO-UV)
Strategy: oversea products + development in Japan, Common reading board (2020’s)



Objectives and outputs

Stage 1 Stage 2 Inputs to GDI (Group of

Top science and Strengthening Discussion Intensive),
top technologies mission proposals responses to RF| of

for mid-class + ISAS/ JAXA

2021

Summarizing global trends of top
science and key science and
technologies by Japan until 2040’s

2022

Inputs to the Artemis
program (JSEC) and
space industries

v Making realistic & strong mid-
class missions in early 2030’s

. L with science significant (future
Discussion in sub-panels

(terrestrial planets / small bodies
/ outer planets and exoplanets

Preparing multiple proposals &
missions for cube sat, small-
class, Artemis, and industry
missions (maximizing new
opportunities)

Inputs to Sci. & Tech.
Society & governments
(Sci. Council of Japan)

Searching new matching of
science and key technology

Science goals in 2020’s, 2030’s and
2040’s with strategy of technology

acquirements - "~ WG or RG in ISAS/JAXA

1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
I

direction and flagship of PS) i
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|



Stage 2: Strengthening mid-class mission proposals

Small body panels Sci-Engr. Collaborative mission

* Next Generation Sample Return from comet (Heritage: Hayabusa,
Hayabusa2, MMX)

e Concept: Understanding “the origin of Solar System” including pre-solar
materials — Connecting Solar System Sci. to Start formation astronomy

e Target: Primordial body (comet) - Sample return of subsurface materials
(pre-solar materials), Survey of interior structures (accretion of dust /
pebble in protoplanetary disk)

* Key technology: Parent-daughter satellite system: Sample collection
technique from a special location - Outer SS / Mars landing mission, plume
sample return



Stage 2: Strengthening mid-class mission proposals

Terrestrial planet panel < Maximizing opportunities of Artemis & JSEC

* Mars subsurface hydrosphere exploration (Heritage: Mars Ice Mapper,
Lunar Artemis (LEAD, SLIM)

e Concept: Water chemistry and life on current Mars — First mission fully
involving modern life science and biophysics

e Target: High-latitude regions of Mars, where recent / ongoing water
activities may exist. Rover and drone exploration for salt deposits (dried
subglacial lake) and potential oasis

* Key technology: Rover with high roadability, OTV and pin-point landing for
Mars (killer content for human Mars exploration in 2040’s) - Outer SS
lander/rover mission in 2040



Science roadmap of outer SS & exoplanet panel

e Comparative study on formation/evolution of planetary systems —

Themeless understanding of star formation to planet formation
e Atmos-surface-Interior model & observ. — Life signhature & habitability

' 2030s Science goals
| 1. Life signature involving life sci._I
2. Modeling of atmo-surface-interior of SS
bodies & applications to exoplanets
3. Continuous understanding of start
formation and planet formation

2020s Science goals
4. Comparative plane
evolution for diffe

mass
5. (Extra: Giant Impact observations)

Re-definition of SS & Earth

Exoplanet 2040s Outer SS 2040s
e Ganymede lander

* NASA6MST e Uranus orbiter
S 2030s

(0
SPhere €xplora
e Characterization of p
atmos.(GREX-PLUS)?
e Potential biomarker 1
e Ground-based tele?

Outer SS 2020s
e Satellite formation (lo FB)2#

ple R
~vey 0bs.: Diversity
(LOTUS/JASMINE/ROMAN)? e Comet Explo.3

e Characterization (WsO/Ariel) Inner SS 2020s

HZ terrestrial planets(JASMINE)* ¢ Mar atmos. & escape (MIM)*
e Gl (MMX/Artemis)>

- time

2040

-2030

2022




Objectives and outputs

Stage 1 Stage 2 Inputs to GDI (Group of

Top science and Strengthening Discussion Intensive),
top technologies mission proposals responses to RF| of

for mid-class + ISAS/ JAXA

2021

Summarizing global trends of top
science and key science and
technologies by Japan until 2040’s

2022

Inputs to the Artemis
program (JSEC) and
space industries

v Making realistic & strong mid-
class missions in early 2030’s

. L with science significant (future
Discussion in sub-panels

(terrestrial planets / small bodies
/ outer planets and exoplanets

Preparing multiple proposals &
missions for cube sat, small-
class, Artemis, and industry
missions (maximizing new
opportunities)

Inputs to Sci. & Tech.
Society & governments
(Sci. Council of Japan)

Searching new matching of
science and key technology

Science goals in 2020’s, 2030’s and
2040’s with strategy of technology

acquirements - "~ WG or RG in ISAS/JAXA

1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
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direction and flagship of PS) i
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1
|
1
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|
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|
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|
1
|
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Lessons learned

1. Relationship with GDI

GDI was launched in early 2022, and the roles of GDI are partly overlapped
with the decadal survey activity.

2. How to stimulate other community members?
Consensus to grow, select, and concentrate on a flagship mission

Limitation of online?

3. How to communicate with JSEC (prepare many projects for
Artemis and industries)?

What technology & mission will be tested in Artemis?
How should we consider proposals that would not fit Artemis?
Industries’ strategy and inputs to industries



Lessons learned

4. How to determine “Top Science”?
Various “top sciences” in SS exploration
How to rank or select top sciences in the community.
5. How to narrow down the mission candidates in the community?
Roles “to strengthen (this decadal survey)” v.s. “to select (GDI)”
How to strengthen the flagship/s-class mission proposal

6. Correspondence to the overall roadmap & roadmap
adjustments

No efficient way to promote a seed mission to prove new technology

More strong connections with SGEPSS & engineering



Science x Industry on the Moon: Industry-academia
consortium for lunar explorations

Significance of collaboration | ERIFENZ

Tokyo Institute of Tec

(@D}
®The aims of space exploration are quest for truth and gLSH LYy
exploration of frontiers. The relationship between the two is e 4

currently tenuous, complementary, and synergistic. o

®Industry as well as policy will play an important role in #%4

Japan's lunar exploration and development. At present,

@
however, contacts between academia and industry are limited. J’r

®Establishment of collaborative relationship has been required ' > P2¢°€

to maximize the knowledge, technology, and opportunities. _gﬁlﬁﬁ
—Z TN



Issues to be advanced for lunar explorations

s

essentials
connection

Geotech

energy

Water resource environment

academia
Planetary Sci.
Space phys.
Space Tech

Civil engr.
Res. geology
Energy engr.

>

time

ISRU
transport

foods

_ society
agriculture

Agriculture Sociology
Biology law
BioTech. economy



Benefits by the consortium

®Industry: Increased opportunities to provide services, use of N
L . . | R LERT
scientists' knowledge, increased customers, and training of
: . @
competent personnel in the development of equipment. ELSM s

o 4

®Academia: Maturation of key technologies, low cost, and high

frequency, from the test field of the Moon to Mars, ensuring o
diversity of science, and continuing knowledge #%4
@[t complements JAXA-led exploration with analytical Jﬂ'
equipment, technology demonstrations, and human resources. °
The existence of industry-academia partnerships can ispace
MRI

increase international competitiveness.
=BRSHRA




Layer structure of industry-academia consortium

Project

®Transportation
of small science
missions

®Industry’s
mission with
science
payloads

Platform

Collaborative project

Y Y

Collaborative program

I T .

Collaborative platform

®Coordinator of collaboration
®Sharing information (interests and specialities)

4-|

Program

®Planning pf
development

®Key technology

e®Sharing data,
use, and
application

e Utilization of
assets of
academia



Summary

The decal survey activity in Japan Society of Planet. Sci.

®Renewal of “top science & top technology” and roadmap

®New seeds for future missions, but few opportunities

®Strengthening “flagship missions”

®Some lessons learned

®How to use new opportunities of Lunar explorations and
industries

®As an agency for information gathering
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