ERAADFHEZ - EEIvavDRKE

ko gyv

LA
JAXAFHH



B h A .

18 |19 [20 |21 |22 |23 |24 |25 |26 |27 |28 |29 [30 [31 |32 |33 |34 |35
XRISM O x4k

SlEHS R

B LiteBIRDA ISP BI2EH#ITETE, PEEKRKEZHIET .
W SPICA (L. JAXA {A][ZE Pre-Phase A2 DB DT, hEI3EHDIEFE,
ESA CV-M5MD #2181k 1X2021F6 A . STEIERD &K RTE(F2024F ¢4 5,



& 8 NEY <

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

sLUM Z7as o (#)58) 3EHEICETE
« /J\El_‘JASMIN

Competitive M-class
Phase A2 4%1:%%
| =
Sola-C EUVST
HiZ-GUNDAM
DESTINY+
Pre-Phase A2
= - - N Eam = S
25 I8 2035F F TICT, sx K T4-58D

ABBNHHEEEZ B




& FEHEPAD)(RER—

TOP

S

=ELE

FERTZa1-)

WG/RG—E&

FHEFESSNFEE WG—E

WGHEH

NERUNEHE WG
EEORITC L DRSS E - BBEIEESZSTEFACTORS WG
WS IxRI>3 > - AiFILE WG

LEEBXRERERES I EE
FORCE (IHNGHXT) WG

EEEE BLEY T T URY ARSI SYSMILES-2 WG

HiZ-GUNDAM WG
HiZ-GUNDAM/R—AR—2 &

FE

Szjey BE7

RRSs HZ

18E A

HKiE K&

Phi=

LEERE

ESVE YA

REPAF

TRAF



EHHE Y g v~

1

2 .

3 ENANADFRETEE & &
4 FEYEFOEY 3 v

J#x NASA/ESA T v 3 v DORHE&




20194

[==

(Rl

[ ==

FEEEA—K< Y7 I(ISAS)

BlDEXE(X20134)

B2 fia—K<v71(ISAS)

[ ==

ety
[=F

WET (F£R) (ISAS)

HFEODPRMANGEEIDEE (

*2015 Request for Information

RWEET

%

TH

R R TE

HrORHAPRAFEZOHSCHEES F)F ]

ETERR

D> 11" T4 0D B E-EEE - TFERN D,

FHEEFOEITEBINAV0.61 (B

FRESER) "20204

T FEHNFPOSR0FOBEZRATIZERR]

(BIERESIRIITFA—R:20185F12AFFE

)

FHRDETE



3. [#mE>F U] & [HEfin—Rvy 7] OmESF |fEasasisas

Ciibs o -U7) BREPERN. BAOTHHZOLRIOVNTOBEERATFLEMELL. 131-F NS0 ES
== 5 h b3 ERMBIYYaVE LT TR RIIBIFAILE B MET S,

CRATRML) Wi U4 0204 5 B 2 OMBA SISV a5 —EOHMHSE. £ MEMIEnL.
IFAPERDEIRICE(TACEEZBIET S,
-FHEZF-EERM: TERHTEILSEFCOESLIFRKIER L. TERXRXZOREUICEITECE

le

IFHEXRHEOIIER] SEICIEREDEE CIREAROREL
(FERY - EBEO—F<vv7)

rEEiE-REO-RIvT] (JAXA/

- AR TE GE*RE‘]/%%E'I‘M&E({\] BOZM2E T

I FEEFORMY P RAEENHE HIEH
YFUA] JAXA/ISAS) [EIRE/EE
2V TEEDRFIES EERE TE
NE- ]
RAGETE l MFEHMPEREMRO—FYYF] (JAXA/ISAS)

(JAXA/ISAS) R e e =LAy 2018 F EFIEEERE TE R vt ks s

5]
M=FHEFOH R HEE (RFF)
20185 FE LARR il %2 P 3E [ Pl i - x4 S (CHRFE 1A = 1))

r
I

I

I

I

I

I

I

I

1 I

[FEMPOSEZ20FE0EETRET :
I3FEES] ERE I
o |

I

I

I

I

I

I

I

I

I

BEREET S
ITERPED
REL

________________________________

)

(13- EOE B BB TRRENS, FERE |
OETERIEA I EHTIRIAISAS) X RS eh e
______ [®

‘ TRFI(BFZR SR80 B 42 - BB - TRRRIRROBRELY)
ADEZ |

6)(

o e o R O R R R e R R R E R E R S R E R E R E M S R e e e



201 9FEFHEHFEIURIDI L
202041 88-9H

TEtEy a3V () [10A48 BEFZEETLER]
[AR—ZAMNLDKIHR5 REHE

[ RAR—ZAMLDKGRNBRERTEDI=-ODITL—2RA—227 |
(Sf ZXFE)



NASA SCIENCE

SHARE THE SCIENCE

2020 Decadal Survey Planning

This page describes the activities of NASA's Astrophysics Division in preparation for the

Science Topics Science News For Researchers Learners

2020 Decadal Survey. To learn more about Astro2020: Decadal Survey on Astronomy and

Astrophysics process, please visit the National Academies website. Prior Decadal

Reports are also available on that site.

Final Reports

= |arge Mission Concept Studies Final Reports - August 23, 2019:
e« LUVOIR (¥'| Habex (4" | Lynx (3'| OST (&

= Probe Mission Final Reports - March 4, 2019

e AXIS | CDIM | CETUS | Earthfinder | GEP | PICO | POEMMA | Starshade | STROBE-X |
TAP (ALl PDFs)




NASA Astrophysics STDTs for 2020 Decadal Survey

https://science.nasa.gov/astrophysics/2020-decadal-survey-planning
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Concept

LUVOIR

HabEX

OST

Lynx

Observer

Takahiro Sumi
(Osaka University)

Motohide Tamura
(Astro Biology Center/
University of Tokyo)

ltsuki Sakon
(University of Tokyo)

Makoto Tashiro
(Saitama University/
ISAS,JAXA)

Contribution
to the STDT
activities or
gain by the
participation

The participation to the STDT has
increased the opportunity for
Japanese community to get familiar
with the LUVOIR missions and related
people. It has enhanced the
discussion in Japanese comunity on
the future space mission in 2030.

The Group of Optical and Infrared
Astronomers (GOPIRA) launched the
Working Group to discuss the future
space mission in 2030 including these
decal missions.

The private LUVOIR study team has
been launched to consider the
possible contributions and planning to
prepare the white paper.

Japanese STDT contributions to HabEx
has been limited due to the

science/technical overlap between HabEx
and LUVOIR among the limited manpower

of the Japanese exoplanet community.
The HabEx-J team is currently
concentrated on the WFIRST
contributions and its timescale

is overlapped with the decadal survey.

JAXA has lead the Concept 1 and 2
studies of the MISC instrument, one
of the baseline instruments for the
OST, with NASA ARC.

Through the opportunity to observe
STDT and science working group
activity, community of high energy
astrophysics community of Japan has
shared information of the Lynx
concept trade off study. It also clarify
circumstances of X-ray astronomy in
2030s and helps us to determine our
own road map to contribute to X-ray
astronomy in the world.




Concept

LUVOIR

HabEx

OST

Lynx

Potential
Contribution
Plan

We are considering at least following
hardware contributions,

1) Ultra stable Densified Pupil
Spectroscopy instrument for the
transit Spectroscopy.

The goal of the instrument is to
measure habitability (H20 & CO2) and
biosignatures (02/03 & CH4/N20)

of Earth-like planets orbiting nearby
late-type stars that will be discovered
by TESS. This is planned to be in the
appendix of the LUVOIR STDT final
report as alternative instrument.

This is the LUVOIR version of the
similar instrument for OST. R&D is
being taken place at NASA Ames.

2) Funnel MCP+Csl for high FUV QE.
The quantum efficiency of funnel MCP
is ~1.5 times higher than that of
normal MCP. This is planned to be in
the LUVOIR STDT final report as one
of the candidate UV detector

which needs further technical
development.

3) Components of coronagraph
instrument, i.e., the polarimetry
module, the coronagraph optics, mask
substrates which will be developed for
the WFIRST.

It would be one idea that the Japanese
hardware contributions to WFIRST is the
base of the HabEx contributions. Those
might include (cost is TBD):

- an achromatic polarimetrymodule (50
M$)

- coronagraph optics/substrates (20 M$)

OST covers wide astrophysical sciences
and many astronomer in Japan will
potentially be interested in

joining and making more significant
contribution to the science working
groups for the OST,

Japan may be able to carry out the
development of key technologies of low
TRL (densified pupil spectrometer,
deformable mirrors, cryo-collers, readout
electronics for the MIR detectors etc.)
aiming to achieve sufficient maturity
(TRL-6) before the Phase A starts.

As has been done in the concept studies
of the OST, Japan will be interested in
providing the densified pupil
spectrometer for ultra stable
spectroecopy (Matsuo et al. 2016),
employed as the baseline MISC
instrument design, for the OST.

Japan will also be able to play a
significant role in providing the MIR
Imager that has been studied as an
upscope design of the MISC instrument
for the OST by making the best use of
the heritages of AKARI/IRC and
SPICA/MCS and SMI.

The high energy astrophysics
association (HEAPA) of Japan is
now discussing new road map
after XRISM and Athena. The
experience of X-ray micro-
calorimeter and its cooling system
could be a help or a guidance to
develop Lynx X-ray
microcalorimeter (LXM). A
contribution by limited number of
experts would be feasible.

However, the community is also
proposing or studying missions

in the time frame such as
FORCE,superDIQS, or other
missions with other wavelength
communities,like HiZ-GUNDAM or
PhoENiX. Therefore itis
suspected that the Japanese X-ray
community would not be able to
commit a larger contribution to
Lynx with sub-system level, at this
moment.




ESA VoyageZ2050
Athena, LISA LIf& D Large-Class &l & 75 5 5HEFEE

* Whitepapers https://www.cosmos.esa.int/web/voyage-2050/white-papers

- 10/29-31 Voyage2050Workshop (Madrid

voyage 2050

Voyage 2050 » Home

Home

R VOYAGE 2050
Workshiap Tegletatipn LONG-TERM PLANNING OF THE ESA SCIENCE PROGRAMME

Workshop programme

Workshop: second

announcement i .
*** Registration is open for the Workshop **X*
White Papers *** See second announcement and registration form*** DOCUMENTATION
Senior Committee 4 March 2019 Letter of Invitation - White Papers (pdf)
Call for Membership of The Science Programme of the European Space Agency (ESA) relies on long-term planning of its ~ Letter of Irjvitation - Topical Team
Topical Teams scientific priorities. The first long-term plan, Horizon 2000, was the result of an exercise started membership (pdf)
i in 1983, and it was followed by an extension, Horizon 2000 Plus, that resulted in the initiation of o [ S ——
Call for White Papers the Gaia and BepiColombo missions. The successive planning exercise, Cosmic Vision, was started
in 2004 and is the current basis against which the content of the Science Programme is set. Call for Membership of Topical Teams

df
Cosmic Vision is the result of a bottom-up process that began with a consultation of the broad (pdf)

scientific community. The plan, which comprises a variety of missions and extends up to 2035,
defines the wide-ranging and ambitious scientific questions to be addressed by missions in the
ESA Science Programme.

The next planning cycle of the ESA Science Programme, Voyage 2050, is now underway. In
keeping with the bottom-up, peer-reviewed nature of the Science Programme, the definition of
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Photon energy resolution of

~TeV (goal 5eV) @ 6keV (FWHM) ¢ s

E/AE~1000

X-ray Imaging and
Spectroscopy Mission

] 4 1 ¥
Perseus cluster A

;
F Ni xxvit
NGC1257 ! !
L ’l‘;l' |‘ 402
S
4+ t 0.1
E (Cl;':Lpectvum ﬁ {lﬁﬁ#
L (XMM-Newton) ;+ s
i 80

o . - . ASTROHSXS - |
. obs.er\(ations

65 7 75
Energy (observed) [keV]

Credit: JAXA / NASA / Ken Crawford (Rancho Del Sol Observatory)



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
L-1 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 2017-28 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 PhaseB 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 Pre-Phase Alb

[Chromosphere Solar Physics]

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] ISASHR & (M EFTZ{E#E) 2024
ESA-Cosmic Vision-L2 Athena [X-ray Astrophysics] Pre-Phase Alb (WG) 2031
NASA Astronomy Flagship | WFIRST [Infrared Astrophysics] Pre-Phase A2 (ISAS team) 2025
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] ......

20
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Landscape in 2020°s  Space Missions for Exoplanets
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Big Questions in Astrophysics %43'64

® 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
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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 32



Observational e
of Cosmic Inf

LiteBIRD

74% Dark Energy




P DR & BRI : B h/-5E

FTHOHOSHEAGEE 1> 7L — 3> ]| O
AR R DT 5

CFHIFEDLSIHBEST-0N? (FHERH103H)
mE. EaRLTWAON?

- FEHOFIBEME - HEEEE - THIOZE W 5 = % 5 8f

- EDRI T [VRERY] AEMLZE 1R A E

JRIRE K
FTHYA 7 ORESENETICIK 5 FRBE K DOIEDR
JAXA DEX V) #H A

LiteBIRDETE| (¥ERERYHEMERE. Phase A1)
ST R DENLBT — FIT & 3 EAE S RES OB H
D R R —REREARET (ESA LISASTE A~ DS INt&ET)

HEDOEY A © €= JAXA [ FFEBE N EBHICES
FHE =R RICH _EE58] ESA LISA EE 1 KERHIE 2




FHOZER L FRIDER : RS N1-ERE

FHEOMRFREBRETI I F—

- FEHOMEREERZ D -5 T REIL?
RN EDLLOTEEIRLF—DAEETION? ZNED

B Em (—ENEERR) (TBEHLAREHN?
- FEHOBEIXILY-—ZELFADEDERIE? (GREHFER)
cFHOBEI XL -—ZEFLRIDOBRIIEFENICEZILTE2DH?
- AIRY - WHRNLEEFRFHEN TOLZHOBAERN R EICL S

= =A

\/Er/—{ﬁ\
=haw fd\ﬂ__ ==

HEOEY HA :
ESA Euclid BT 2 518 (2021). NASA WFIRST =ti#| (2025)
b LA EEE. ISST ZEmiE (k) A&

JAXA DEXY) #H A :
WEFIRSTETE|~D SN (EESAERG /IERE 7 a7 )

35



Big Questions Left in Astrophysics %4%4

® 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 36
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X-ray Imaging Spectroscopy Mission (XRISM) 754%4

® JAXA, with strong support by
Japanese government and our

international partners, e.g., NASA,
ESA, decided to proceed XRISM.

® Two Science Instruments

TR S

(e S

®The current target launch date is
within FY2021

AAPPS-PP2018 2018/11/12 40



XRISM Science Instruments 754%4

> Resolve, a soft X-ray spectrometer, which combines a lightweight
Soft X-ray Telescope paired with a X-ray Calorimeter Spectrometer,
and provides non-dispersive 5-7 eV energy resolution

in the 0.3-12 keV bandpass with a field of view of about 3 arcmin.

> Xtend. a soft X-ray Imager, is a CCD detector with a larger the field,

at the focus of the second lightweights Soft X-ray Telescope
in the energy range of 0.4-13 keV
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‘Perfeus clustér

The X-ray spectra observed by
ASTRO-H SXS. The weak
emission lines of Cr, Mn, Fe,
and Ni are significantly

detected.
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Results from ASTRO-H Observations 754964

The Hitomi results show that an accurate atomic code is as important as the
astrophysical modeling and instrumental calibration aspects.
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Big Questions Left in Astrophysics %4%4

® 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 44






FIMRTEDERN A PF b
FAMIRBESN-BR

Visible Infrared

;*' - /.

\ L)

T5997R—

B9 2 /2 R -
JLRZ R

Eﬁ/ﬁ‘lpﬁﬂz

‘\ Eyﬂlu\E$Fqﬂm

O©ALMA

X#RCERAOERT AL
ijUV$ i%%

o ~ X y ‘0. ‘. -
Y ey ks » e
- * st S BRI
W - v “ ’ 7
K4 gt
- & 5 - \‘
-‘\e-/';%' : b
2 . . b ‘.‘

’ - R .

., ,Q. {t‘. ) y

e ,©NASA 'f;;;_" —

fEfIl.—udeZ adl

GLAN

' fjiﬁ‘%\‘/’]?l'\
1 (B 1&E) &



ALMA

AR EFAET
875 85

,-f.-.ﬁsﬁj (%2 I\ #Z)

Herschel T2 & 37 F O X &R




4
Planetary Formation
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A=Astrophysics
P=Planetary Science
H=Heliophysics

AR 7 RE MR A

NASA A

Flagship/ >S1-2B
Great

Observat

ories

Discovery S$425M

MIDEX $180-

200M+launch
SMEX S120M+launch
EX
MIDEX S180-
200M+launch
SMEX S120M+launch
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~104E

1-24F
~ALE?

~AEE?
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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)
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NASA P Flagship S1-2B 105 Viking 1-2 (75), Voyager (77),
Galileo(89), Cassini (97), Mars
Science Laboratory (11), MARS2020
(20), Europa (?)

P New ~ $1B ~54  New Horizons (06), JUNO (11),
Frontier OSIRIS-Rex(16), Dragonfly
P Discovery S425M+ 1-24 NEAR-Shoemaker (96), Luna
Launch Prospector (97), Stardust (99),

Genesis (01), CONTOUR (03), Mars
Pathfinder (03), MESSENGER (04),
Deep Impact (05), EPOXI(05), DAWN
(07), GRAIL(11), InSight (16)

P MARS Mariner (62), Viking (75), Observer
Exploration (92), Global Surveyor (96), Climate
(Mariner, Orbiter (98), Polar Lander (99),
Viking, Mars Odyssey (01), Exploration Rover
Surveyor’98, (Spilits, Opportunity) (03),

Reconaissance Orbiter (05), Phoenix
(07,SCOUT), Science Laboratory
(Curriosity) (11), MAVEN (13,
SCOUT)
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