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On-going Science Programs of ISAS/JAXA

No Astrophysical Satellite Mission ]
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Photon energy resolution of
~TeV (goal 5eV) @ 6keV (FWHM)

E/AE~1000

X-ray Imaging and
Spectroscopy Mission

Perseus cluster
NGC1257
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ISAS-NAOJ Collaboration in Space Science

Hinode Mission

. ol \ <+ mNAOJ
\ -\ Science Payload (SOT/EIS/XRT)
2 lw/ International Collaboration]
Science Center
B [nternational Science Achievements

HINODE | SOLAR-B Y

RISE Project

W SELENE (Kaguya)

B Science Instruments for
Hayabusa-2 LIDAR
JUICE GALA

Credit: B0 =&/ FREITHEATFUALA



ISAS-NAOJ Collaboration in Space Science %54

Future Missions and Candidates International Collaboration
Data Management Program
NASA WFIRST

Mission Concepts proposed

o Subaru Synergistic
For Competitive M-Class

Observations

Small JASMINE

Solar-C_EUVST
JAXA M-4/5 candidate

Small JASMINE
JAXA M-3 (selected)




ISAS-NAOJ Collaboration in Space Science %’1964

B Fruitful collaboration between NAOJ-ISAS/JAXA
in space mission programs [Hinode, Kaguya---.]

B Science Collaborations
Ground-based facilities/Space facilities
Peer reviews

B Proposed future space missions
[Small-JASMINE, Solar-C_EUVST, WFIRST:--]



ISAS-NAOJ Collaboration in Space Science %64

“Common Interests /
Different (Complementary) Expertise”

B [nstrumentation, Basic (key) technologies
B Human resources, Facilities
B Organization

B /apanese contribution for future “global” projects

9



JAXA Science Mission Programs
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Governance of Space Science Mission Japanese Government | Diet
The basic plan of space policy,
and “Implementation Plan”

Space Science and Exploration Roadmap !|  Cabinet Office
Committee on

MoF

1
|
I
1
:
JAXA “ i National Space Policy i
: /7
I I
ISAS ; ;
—) MEXT |
Proposal] Space Science/Engineering| g, 4ot | RO@dMap for Large |
Advisory Committee Request: Science Projects i
I I
Working Group b o :
7y t : MEXT refers the SCJ Master Plan
i-ﬁ?‘f’??;_c_k_'_g_r_o_lff’_f Science Council of Japan

Master Plan of
Team A Tam B---. ﬁ Large Projects

: Revised every 3 years
Research Community 11




JAXA Science Mission Programs
in the Space Science and Exploration Roadmap

4

B Strategic Large Class
< ¥30B ($300M if 1$=100¥%), HIIA (H3 after 2021) launch

~3 missions in a decade

B Competitive Middle Class
<¥5-15B ($150M), Epsilon Rocket launch

~5 missions in a decade

B Strategic International Collaboration Projects
<¥1B($10M)/yr in total (of multiple projects)

Small Projects
<¥[a few]100M($[a few]M)/yr in total ’



Strategic L—Class Mission Candidates

€«>

To be planned

YEAR |18

19

20

21

22

23

24

30 |31 |32 |33 |34 |35

XRISM Project

MMX

Pre—Project

Selected
(2019 May)

Candidate (ESA CV-M5)

/Strategic Large Missions A
(¥30B class) flagship

science mission with
KH]IA/ H3 vehicle Y,




Competitive M—Class To be planned

SRS s S

18 |19 (20 (21 (22 |23 |24 |25 |26 |27 |28 |29 (30 (31 |32 |33 |34 |35

SLIM (M-1)

M-5
AO issued

Small JASMINE
Selected

Competitive M-class _ I I

Phase A2

SOLAR-C-EUVST Competitively—chosen

P HiZ-GUNDAM medium—-sized focused

DESTINY . missions (<¥15B) with
Pre-PhaseA(M-2) To be selected Epsilon rocket
(every 2 year)

\




ISAS Future Missions/Mission Candidates

Mission/Mission Concept

JAXA Status (2019 March)

Target launch

Strategic Large Class (L—Class)

ASTRO-H successor XRISM  [X-ray Astrophysics] Project Phase B FY2021

L1 Martian Moon eXploror (MMX) Pre-Project Phase A2 2024
[Phobos sample return]

L-2 LiteBIRD [CMB B-mode] Pre—Phase A2 2027-28 TBA

(previous L—2 candidate) OKEANOS [Solar Power Sail Trojan] Pre—Phase A2 2027-28 TBA

L-3 candidate SPICA [Infrared Astrophysics] Pre-Phase A2 2030 TBA

ESA Cosmic Vision—M5

ESA Phase A (1/3 candidates)

Competitive Middle Class (M—Class)

M-1 SLIM [Moon Pin—Point Landing] Project Phase B FY2021 XRISM dual
M-2 Destiny+ [Phaethon Flyby] Pre—Project Phase Al FY2022-23 TBA
M-3 Small JASMINE [NIR Astrometry] Pre—Phase A2

M—-4 candidate

Solar-C_EUVST
[Chromosphere Solar Physics]

Pre—Phase Alb

M-4 candidate

HiZ-GUNDAM [GRB Astrophysics]

Pre—Phase Alb




ISAS Future Missions/Mission Candidates

Mission/Mission Concept JAXA Status (2019 March) | Target launch
Small Projects [Strategic International Collaboration — Missions of Opportunities]
ESA-Cosmic Vision—L1 JUICE [ESA Jupiter Moons] ISAS Project Phase D 2022
NASA New Frontier 4 Dragonfly [NASA Titan] ISASHRET (MEETZHKS) | 2024
ESA-Cosmic Vision—L2 Athena [X-ray Astrophysics] Pre—Phase A1b (WG) 2031
NASA Astronomy WFIRST [Infrared Astrophysics] Pre—Phase A2 (ISAS team) | 2025
Flagship
ESA-Cosmic Vision—-L3 LISA [Gravitational Wave] Working Group 2034
Russia Spektr—-UV WSO-UV [UV / Exoplanet] Working Group 2023 TBA

Small Projects [Small Programs] -----




“ISAS Small Body Exploration Strategy |

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 organic compounds, these small bodies may have enabled the habitability of our planet.

When, who and how?

_ Proto-Earth’

BITE ejecting'bbdies '

. (6] -bearing world v ;
Icy’mloons (Ocel ing wollly {@rganic compound transport via dust particles)

Primordial' asteroids (water in hydrated minerals)
r O

Comets (Water in the form of ice)

The Rocky Planet Region . ~Snow Line - - T OSRT o

v i
- as | f " |
| OSIRIS-RExmasy | | [ LUCY (asa, selected) | | ROSETTA (esA) ..ol )

The fleet of ISAS small b_ody missions explores these queStions
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Future Science Missions in Astrophysics
and JAXA Programs
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Orlgms of the S ace and Time of the Universe
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Big Questions
1N
Astrophysics

AAPPS-PP2018 2018/11/12 19




Future Astrophysics Missions

Agency/ “FLAGSHIP” Middle/Large Small/Middle
Nation (>$1B) ("$250M—-1000M)
NASA JWST/ WFIRST SPHEREx TESS (2018)
IXPE
ESA LISA / Athena Euclid / PLATO / ARIEL CHEOPS(2019)
M5(SPICA/THESEUS/ENVISION)
China DAMPE (2015) , HXMT (2016) QUESS (2016),
SST-Surveyor Einstein Probe
India ASTROSAT (2015)
Russia Spektr—RG(EROSITA) (2019)

Spektr—-UV(WSO-UV)

Japan XRISM Small-JASMINE
LiteBIRD / SPICA M4(Solar-C/HiZ-
GUNDAM)

20




Landscape in 2020’ s Large Space Missions
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Landscape in 2020" s Space Missions for Exoplanets
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NASA 2018
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Large Synoptic Survey Telescope




Big Questions in Astrophysics

4

® Origins of the Space and Time of the Universe
Beyond the Big Bang Theory
-Cosmic Inflation? € LiteBIRD
-Dark Energy/ Modified Gravity € WFIRST contribution
® Structure Formation and Evolution
-Dark Matter
-First Stars/First Galaxies/First SMBHs
-Chemical Enrichment / Evolution of Solid / Organic
-Planetary Formation
® Possibility of Life in the Universe

AAPPS-PP2018 2018/11/12 24






Inflation

Cosmic Inflation?

Solving the horizon problem,
and the flatness problems

Re-heating the Universe to
Big Bang

Quantum fluctuation Primordial
= Origins of the structure fluctuations
in the universe

Observational
evidence?

Cosmic microwave
background

AAPPS-PP2018 2018/1




Official announcement

: . : . http://www.isas.jaxa.jp/home/rikou/godo/2019/060
L I teB I RD . ' 2/gbi7uzhxfxmz/misison_selection _announcemen
o[t may2019 pdf




T2
team Sl iy 2

frT
- 3 "’:g ;:.'ﬁ.._ =
2 . n-'-—? ; ! .;.

i
NN Small Angular Scale
AAPPS-PP2018 2018/11/12 28



Big Questions Left in Astrophysics %4?"54

® Origins of the Space and Time of the Universe
Beyond the Big Bang Theory
-Cosmic Inflation?
-Dark Energy/ Modified Gravity
® Structure Formation and Evolution
-Dark Matter
-First Stars/First Galaxies/First SMBHs
-Chemical Enrichment / Evolution of Solid / Organic
-Planetary Formation
® Possibility of Life in the Universe

AAPPS-PP2018 2018/11/12 29



Density
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X-Ray Imaging and
Spectroscopy Mission

5 [counts s ! keV '|

.-""
3 :
Perfeus clustér
. 5 =
-
. -
Faiman) - : ’ L.
. . boa & ASTRO-H'SXS .
. observations
. -
L E -
- L]
. & 1
; 2 ;i - “ e Fe xun = Ni xowr |
Cr oo [Min xov] I

ASTRO-H work -~

| (W ot [wi

|| fFe o Hepl

Energy (observed) [keV]

Credit:- JaxXa/Ken Crawford (Rancho Del 5ol Observatory)




Y SRS
R e N A
i ) - ..

s * #
ey 5
ol 4

Gas Deﬁ_f_.ijly_ P

" T “Massive Cluster
% * .. in the simulation

. .
e

o

i

- tempelature |

- - . '
K AN e AP AR =

Nl
oy T 8 .
RN
. T |
2 4
G "
: L =
- -
-

Illustris Simulation




Small-JASMINE

National Astronomical Observatory of Japan
JASMINE Project Office

NIR Astrometry

Inner bulge region of
Milky Way

M-Class
Selected {g_r M -3

-
b '
X L

Spitzer IRAC
image -~

- iPAC/Caltech
"y i rr‘p
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Big Questions Left in Astrophysics

® Origins of the Space and Time of the Universe
Beyond the Big Bang Theory
-Cosmic Inflation?
-Dark Energy/ Modified Gravity
® Structure Formation and Evolution
-Dark Matter
-First Stars/First Galaxies/First SMBHs
-Chemical Enrichment / Evolution of Solid / Organic
-Planetary Formation
® Possibility of Life in the Universe

AAPPS-PP2018 2018/11/12 34
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Rich Infrared Probes
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Schematic pictures of
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S P | CA Space Infrared Telescope for Cosmology and Astrophysics

2.5 m telescope, which is cryogenically cooled down to below 8 K

Spectroscopy at mid/far infrared ar 12-350 um
Instruments: SMI(mid-infrared), SAFARI (far-infrared),
B-BOP(infrared polarimetric imaging)

Joint space mission of Europe and Japan,
to be launched at ~2030

ESA: Cosmic Vision M-5: One of the THREE (of 25) candidates
Final Selection 2021 June / Adoption 2024
JAXA: Prioritized candidate (not adopted) for L-3

AAPPS-PP2018 2018/11/12 39



Cryogenic Payload I\/Iissions/ E; #

- CryogenchetectorSystems .

JAXA “Key tech nology”

B for development

S ) AXA Space Science Technology
. #8 Roadmap”




Cosmic

Ini‘lation

N

Structure
Formation

ers, ar

13 11 9

7

|

5

~ " Formation ||

e

Ejal Production and

1 ] | ] l

Billions of years ago

o
=l . -

in the Universe

ISAS Department of Astronom

Che
Hist

mical Enrichment

g ,. Origins of Space-Time and Matters in the Universe
= Possibility of Life

1d-Astrophysics

41




TR O=HH

(1)

4

P X 7z JAXA @ HUH # JAXADEEWH I X 5 [igsk o Bk A
HYUHH A
O FHDOZER,/REEE L 2 DR
FH Y R X 2 JFAAE )RR LiteBIRD
DRHIC X 5 FHWEIA v 7 L —|[PhaseAl]
v a VIRGE
JFHREE I D E R Pk EH i T (LISA)
(DECIGO7: &)
BRI ALF—DWE~D T30 WFIRSTI /1 Euclid [2021]
[Pre-Phase A2] WFIRST[2025]
@ FHICBIIBEORE L XEDOEH
@-A FHIC BT 2 EER R (&) 131 5 KEERRE
FIHOEEDE O 5. IR E WFIRSTH, /) Euclid
GAPS [&FKk : /NEIEE]  [WFIRST
T OHIERM - ¥IKED HiZ-GUNDAM WFIRST 7 JWST [2020]
L fR ) 7 P i [Pre-Phase Alb] Euclid
FH P EBERT% O RIRZEK WFIRST
Theseus [Phase0/A]
LUVOIR/Lynx [STDT]

AAPPS-PP2018 2018/11/12

42
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Planning for Future Science Mission in JAXA %*4

m Plan beyond 2030
> JAXA-led missions, with

“appropriate” balance to International-led missions
> JAXA plans a “program-ed” sequence of missions
which have synergies in science and/or technology
» Plan should fit with the JAXA's long-term vision

for launcher service program



Planning for Future Science Mission in JAXA %*4

International
m Plan beyond 2030 _ Landscape (ESA, NASA---)
JAXA Planning 4
Visionary Survey JAXA Space Science/ Long-term (>2030)
by JAXA In 2015 Engineering Advisory > Plaraing for Fut
(Information from - Committees _anr_“ng ArrChaciis
various science (community rep.) Mission Concepts
communities) 7 - t
20-years ]
1 task force i
: _ Identification of !
flannhn%gé Missions | | Core Technology Plogram i
owar , NOW N w/ long-term scope . .
“Space S_cience and “Space Science V'S_"OHS from o
Exploration Roadmap” Technical Roadmap” Science Communities
(on-going efforts)




Visions over 2030

> Key Science Fields : under discussions in communities

> JAXA-led “Sharp” science mission concepts:
- Gravitational Wave [Deci-Hz]experiment
- Space Infrared [or X-ray] Interferometer
- X-ray Wide-field, high energy resolution
- UV Wide-field

* NIR Wide-field |dentifying core technologies
- Inter Planetary Space Telescope

> “International Mega Missions”
- Instrument/Instrument subsystems
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KN

B3Iy 32 NASA

A=Astrophysics
P=Planetary Science
H=Heliophysics

[ = _

NASA A

Flagship /
Great
Observato
ries

Discovery

MIDEX

SMEX
EX

MIDEX

SMEX

STP

> $1-2B

$425M

$180-
200M+launch

$120M+launch

$180-
200M+launch

$120M+launch

1-24
T44E?

T4%E?

HST (90), Compton (91), Chandra (99),
Spitzer (03) , Fermi (08), JWST (21),
WFIRST (25)

Kepler (06)

XTE(95), FUSE(98), WMAP(01),
Swift(04), WISE(09), SPHEREx

SWAS(98), GALEX(03), NuSTAR(12)
TESS(18)

ACE(97), IMAGE(00), THEMIS(07)

SAMPEX(92), FAST(96), TRACE(98),
RHESSI(02), AIM(07), IBEX(08), IRIS(13)

TIMED(01), Hinode 06 [ISAS],
STEREO(06), MMS(11)

93



NASA P

Flagship $1-2B 104

New Frontier ~ $1B "HEE

Discovery $425M+ 1-24E
Launch

MARS

Exploration

(Mariner,

Viking, Mars

Surveyor’ 98,

Viking 1-2 (75), Voyager (77),
Galileo(89), Cassini (97), Mars Science
Laboratory (11), MARS2020 (20),
Europa (?)

New Horizons (06), JUNO (11), OSIRIS-
Rex(16), Dragonfly

NEAR-Shoemaker (96), Luna
Prospector (97), Stardust (99), Genesis
(01), CONTOUR (03), Mars Pathfinder
(03), MESSENGER (04), Deep Impact
(05), EPOXI(05), DAWN (07), GRAIL(11),
InSight (16)

Mariner (62), Viking (75), Observer (92),
Global Surveyor (96), Climate Orbiter
(98), Polar Lander (99), Odyssey (01),
Exploration Rover (Spilits, Opportunity)
(03), Reconaissance Orbiter (05),
Phoenix (07,SCOUT), Science

Laboratory (Curriosity) (11), MAVEN (13,

SCOouT)

54



SHOBHNIYIaAADIH T (NASA)

e

NASA Flagship / JWST (21) 20213 T EITFE
Great .
Observato WFIRST (25) WFIRST WG Lol {5
fies £ (XKr). LA
FEEE (30— STDTATH—/N A9 BFTORE
35)
A SMEX IXPE EJ)I(EEHF) . fth NASA SMEX IBZ=,
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