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GREX-PLUS # o BeatH & MLER T 5, TMT 3 FiE2E@EEL bEET s L
T\ RNRESCHRAEIL. FHiRA oS aRES B LERIZER ORI C B » T,
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HHR%2 ) — N2 EHAPEL AlREIC S 2 L BIRFE 5o difT L <. BIAERAFEH T,
2030 FRUBEDF1E 5 3 R iC AR ER 27 & 115 ULTIMATE-Subaru %3 Lo
HEpEtl & L CEERICEB T 20 % 7o, JAXA FHBEVIFEET 0 KA NUEHE ICEE
& N7z JASMINE % 2030 FERFTHE D R R — X GHHE 0 FEEEHE & BRI, 2 X—ZGf
Bz RET 25 C LR TEDAMOFRS X CEINEBE ROz BRICERS
%o FFRDAR—ZFHE R A ICE & A O#FiEZ R b, [HRZNWOD Y Y —ZAHBRK
DR ORESEFTE A~ LG BN D, Z 0l Tlk. NASA EE T JAXA FHEFA
FEAT DK HIIENIEFETE 2 59 PRIMA. JAXA FHEIEVITERT O R5R/ N
< 5 HiZ-GUNDAM % LAPYUTA & v o i B ic § & 7225 5 A X — XGf
B OHEZ B L BHRXFEa I 2=7 4 (PRIMA) - XBRXF*=a2=7 4 (HiZ-
GUNDAM) * KEEARF= 3 2 =7 1 (LAPYUTA) 7% & 0fthi & oz X b %
fbx e, % ccEbn i A2 GOPIRA OFtHEA~ L BITFCTnw Cc L b EETDH
%o DL EoRAGHEICOWT R, BRAORREOHEEICED { KB T CORRYE L UG
EFDOBAfRE 16-18 X — Y DERICRT o —H H/NHBETE & 3 1 = v ZRRITRFR
» GOPIRA oRZEREE Z WK 2 HE AR L L. GOPIRA I X % £ 72D
R & ALERNT B

B/Y

n— =y FERERR R, SRR n— K~y 72025 oFF & LT, A&R
K20FwRIC L o TEONH Eorn—F<y FoHEME L F£RE 2 3 2 =7 1 WAHCERR
T 50 $cy SRITHOREE D ORI S N7E 20 hOETHOREE 2 LT Icii#s %,
BB, Ku—F=y 7AERBHR CORROMEECEICFEROEY 3 v TH Y, 5%OF
FEIPEANDRROZELCIG U TN 3 FEC L ICRIEBEL L WET 2175 FETH %0
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Background

Since the beginning of the 21st century, optical and infrared astronomy has
undergone dramatic advances in both observational techniques and theory. On the
ground, 8-10 m class telescopes, including the Subaru Telescope, have produced
numerous groundbreaking results, such as studies of galaxy formation in the early
universe and the direct imaging of exoplanets. In space, space telescopes such

as Hubble, Spitzer, AKARI, and Herschel, followed by the James Webb Space
Telescope launched in 2021, have enabled ultra-high-sensitivity observations that
have revealed detailed processes of early galaxy evolution and planet formation.
Furthermore, next-generation extremely large ground-based telescopes and space
observatory projects are progressing in Europe, North America, and China,
accelerating the strengthening of international observational frameworks. Within
this global context, the Japanese optical and infrared astronomy community,
organized through the Group of Optical and Infrared Astronomers (GOPIRA), has
steadily accumulated achievements through independent research and development
as well as international collaborations. The Subaru Telescope, led by the National
Astronomical Observatory of Japan, has served as one of the world’s premier
optical-infrared observing facilities and a core hub of international collaboration.
However, in light of the progress of large international projects, Subaru is

now required to adopt new strategies in coordination with these initiatives. In
particular, strengthening the financial and human-resource bases that support large
projects has become a critical issue, and new strategic efforts are required to ensure
sustained scientific contributions and to enhance Japan’s international standing.
At the same time, multi-layered observational programs linking ground-based

and space-based observations are being formed, marking a timely opportunity to
establish a comprehensive research framework unique to Japan.

Against this background, GOPIRA established a Future Planning
Subcommittee in 2021 to clarify scientific priorities and directions for future
facility/instrumentation development through the 2040s, with the objective of
formulating the “Optical and Infrared Astronomy Roadmap 2025.” This roadmap
organizes current trends and provides strategic guidance for maximizing the

effective use of limited resources.
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Purpose and Policy of the Roadmap

This roadmap encompasses all research plans proposed by GOPIRA members

in response to an open call and presents them in a comprehensive and organized
manner. Its overarching objective is to clearly articulate to the academic community
and to society the future that we collectively aspire to pursue. GOPIRA commits
to providing maximum support for the advancement of the proposed plans and
presents this roadmap as a future vision based on the best estimates available at
present. The roadmap will be revised approximately every three years to allow
flexible responses to change in science, technology, and domestic and international

circumstances.

Call for Proposals and Establishment of the Evaluation Framework
Beginning in fiscal year 2023, the Future Planning Subcommittee initiated full-
scale activities toward the formulation of the Optical and Infrared Astronomy
Roadmap 2025. Evaluation criteria were defined to include scientific significance,
technical maturity, feasibility, international uniqueness, and human-resource
development impact. In December 2023, proposals were solicited in three
categories: large-scale projects with budgets exceeding 1 billion yen, small- and
medium-scale projects with budgets below 1 billion yen, and science proposals
without accompanying facility/instrument development. To ensure fairness in
evaluation, the GOPIRA Roadmap 2025 Creation Committee consisting of 24
members was established, including the Future Planning Subcommittee members,
external members invited from optical/infrared astronomy and related fields such
as X-ray astronomy, radio astronomy, gravitational-wave astronomy, theoretical
astronomy, and planetary science, as well as one observer each from the National
Astronomical Observatory of Japan (NAQO]J) and the Institute of Space and
Astronautical Science (ISAS).

Proposal Contents and Evaluation Process

A total of 20 proposals were submitted: eight large-scale projects exceeding 1
billion yen, five small- and medium-scale projects, and seven science proposals.
Given their potential to significantly shape the future of astronomy in Japan, the
large-scale projects were subjected to detailed evaluation and hearings. The eight
large-scale proposals were as follows (in alphabetical order): the galaxy evolution
and planetary system formation mission GREX-PLUS; participation in NASA’s
Habitable Worlds Observatory (HWO) aimed at detailed characterization

of exoplanets; the high-redshift gamma-ray burst observation satellite HiZ-
GUNDAM,; the infrared astrometry and precision photometry satellite JASMINE;
the ultraviolet space telescope LAPYUTA; participation in NASA’s cooled far-
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infrared telescope PRIMA; the ground-based optical—infrared telescope Thirty
Meter Telescope (TMT); and ULTIMATE-Subaru, a next-generation infrared
instrument for the Subaru Telescope. Evaluation was conducted in three stages:
document review, hearing review, and comprehensive discussion. At the GOPIRA
Roadmap 2025 Creation Committee meeting held in September 2024, TMT,
GREX-PLUS, and HWO were selected as candidates for GOPIRA’s highest-
priority projects. Progress and preliminary evaluation results were reported at

the GOPIRA Symposium held in the same month, providing a forum for broad
community feedback and consensus building. Given that the representative of
GREX-PLUS is a member of the GOPIRA Roadmap 2025 Creation Committee,
representatives from TMT and HWO were added as observers to the subsequent
committee discussions to ensure the fairness of the deliberation. In December
2024, a town-hall meeting was also held to widely inform the GOPIRA
community about details of the three candidate highest-priority large-scale

projects.

Selection of Highest-Priority Projects and Direction of the Roadmap
During the 2025 meetings of the GOPIRA Roadmap 2025 Creation Committee,
comprehensive discussions were held considering international circumstances,
risks, and feasibility. Based on these discussions, TMT, GREX-PLUS, and HWO
were positioned chronologically as the highest-priority projects for the present

and future, with maximum support provided toward their realization. TMT is an
international collaboration to construct a 30-m class optical—infrared telescope,
achieving unprecedented performance, including 0.01-arcsecond resolution at
infrared wavelengths and point-source sensitivity of approximately 30th magnitude.
While Europe’s ELT is expected to enter full scientific operation in the early

2030s in Chile, TMT will open new scientific frontiers through its access to the
northern sky and unique observational capabilities. GREX-PLUS is a candidate for
a Strategic Large-class mission of ISAS/JAXA, aiming for launch in the mid-2030s.
HWO is a NASA-led mission, and participation in HWO is positioned as a long-
term goal, to be realized in the mid-2040s as the highest-priority project following
GREX-PLUS. By coordinating with the Subaru Telescope, TMT is expected to
enable world-leading, innovative research across diverse fields such as exoplanets,
galaxy evolution, and cosmology, as well as in the development of advanced
observational instrumentation. In parallel, UUTIMATE-Subaru, currently under
development and expected to enter full operation in the early 2030s during Subaru
Telescope 3.0 era, will be steadily realized as a core ground-based project. In space
astronomy, JASMINE—selected as a Competitively-chosen Medium-class mission
by ISAS/JAXA—is positioned as a core project for the early 2030s, serving as a

central platform for human-resource development and technological foundation
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building. Future space projects share continuity in technology and personnel,
with resources successively handed over to the next generation of highest-
priority projects. In this process, it is also important to deepen collaboration
with projects spanning other fields—such as PRIMA (collaboration with radio
astronomy community), aimed at strategic international collaboration led by
NASA; and HiZ-GUNDAM (collaboration with X-ray astronomy community)
and LAPYUTA (collaboration with Solar system science community), candidates
for ISAS/JAXA’s Competitively-chosen Medium-class mission program—thereby
promoting space missions through interdisciplinary cooperation and channeling
the cultivated technologies and human resources into GOPIRA’s programs. For
the large-scale projects described above, the timeline toward realization and inter-
project relationships based on the best current estimates are summarized in a
chronological chart on pages 23-25. Small- and medium-scale projects and science
proposals, meanwhile, are positioned as essential concepts that form the future

scientific foundation of GOPIRA and will receive comprehensive support.

Conclusion

As the core of the Optical and Infrared Astronomy Roadmap 2025, the GOPIRA
Roadmap 2025 Creation Committee presents to both the community and the
broader public the direction and timeline derived from its discussions. The
roadmap also includes all 20 proposal documents submitted by the project
representatives. This roadmap represents a future vision based on the best estimates
available at present and will be reviewed and revised approximately every three
years in response to developments in science and technology and changes in

domestic and international conditions.
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Summary

The Thirty Meter Telescope TMT
30m JeFARNERE SR E TMT

Project Category

1. Big projects having large impacts on GOPIRA, typically cost estimate over ~1
Billion JPY CEHRFEICKE ApBe 52 5, i - ER 0T E & U ARREHE O
#. HZ& L LT 10 ML L)

Abstract of science goals, objectives, and methods

In the past three decades, astronomy has seen remarkable progress, marked by the
discovery of thousands of exoplanets and their diversity, the detection of galaxies in
the early universe post-Big Bang, the identification of supermassive black holes, the
detection of gravitational waves and the astrophysical phenomena causing them,
and the discovery of the universe's accelerated expansion. These achievements

have significantly advanced our understanding of the universe, highlighting

future research directions and transforming related fields of study. Particularly,

the detection and overall understanding of exoplanetary systems are crucial for
comprehending the uniqueness or universality of our solar system, understanding
conditions for life's emergence, and fostering a new field focused on the formation
and evolution of planets and the possibility of life in extraterrestrial environments.
To further these studies, the Thirty Meter Telescope (TMT) , a 30m optical-
infrared telescope, is being constructed through international collaboration. It will
surpass existing telescopes with its ability to detect celestial objects as faint as 30th
magnitude and resolve them at 0.01 arcsecond resolution in the near-infrared.
Japan aims to combine the Subaru Telescope's wide-field surveys with TMT's

high sensitivity and resolution to pioneer unique research. Recently, Earth-like
planets within habitable zones around stars other than the Sun have been indirectly
detected. TMT will attempt to directly image such planets and obtain spectra to
analyze starlight passing through their atmospheres, seeking molecules related to

life, such as oxygen, ozone, water, and methane.

7R/ bOBREREEN - FIEOEE

CCIVFEDORLFORBIERE L HTHIORBGRAREOFKA L 2 DLk HED
A, v SNV BROWIBIFEEICE T 2P 0oRAE, MEKT 7 v 7 s—r o, BN
Ko e 25| EECFTRERROFRE, FHOMBEMROFEREFC L, NEHOF
HICHKT 3 2 BRI TREEIICHEA X, e b DERESEETFEOMEDHRIEEZFE/H Y
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Ly RXF 2B CREFREBICEREZ D b LT, Fic, KBRNOERERD
B & 2 ORKEROEE R KEGRORRIERCEBIE L Y EaniitE O &MF 2 B 5 1Ic
FHETH Y BREOK - #bs X CHIERDAN OBREcobfmFEA: BB ZHRS & \»)
i hFEEE EHH L Thdo ITHFE. KBGUNOEDE Y ChEaHEAEL 5 5 IREH
BUCHHES 5 MR E SR A L CHERR I o0 D 50 2D X 5 AREZ EEER
L, BERK ez BRT 2RO DT I LiIck Y, EKTELN MBS T -+
YRR LD K A2 v in EEGCBES 5 0 F o ICHkG 0 R R IREES O FRE T
Hbo CNOLDOWMFERIEET 5 i, EEWHI O 30m DIt ERMNEEEE TMT
TR L FRARRE T 0.01 BAOMEE. 30 FRomtRoREZ R © & 5 &%
L, WEROEEST 2 EET SWRERZEB T 50 HART X 2 EEFO@BILREFRIALR
# e TMT o - S EREENZHAEbE 5 C L ChBEEDORmWITEL RS 5,

Principle Investigator
Name:Tomonori Usuda
Affliction: National Astronomical Observatory of Japan

E-mail address: tomo.usuda@nao.ac.jp

7AYo MERE
K4 . FAmRFsE
FilE « BARRIEZERsRE BN R

E-mail 7 F v % : tomo.usuda@nao.ac.jp

Co-investigator and his/her role / 7A¥z 7 FERRRHE L ZD&E] (BlH)

Estimate of total cost
42billion JPY for construction, 3 billion JPY per year for operation (FY2036-)

#azrnREY
HARHES
R (2024 EREEDIRE) 420 (B EAE (2036 FREELIKE) 30 (B / 4

Estimate of total FTE (Full-Time Equivalent) necessary to accomplish the
project
NAQYJ staff: 340 FTE x year for construction, 67 FTE (each year)for operation
Contributions from community: 90 persons for construction, 120 for

operation

7aY 7 b RRICHDELHE FTE (AF) OREKY
ESRXAEDOANR & LT @& o ENEERR cE4E 34FTE, SRR
40FTE DL EpnZE & JiED o CTndo 7, EAMICZEE 67FTE 283 %, %

PART II: The Thirty Meter Telescope TMT 29



2l TE2HEES L O—RIERZTSETECH O | BIED T A BHIET O
ERELEEIZCEARLSTMT & E 2 EESHEOFEFERZTS o

23 2 =7 4 b & BEERE ERETERE~OZE  BEHAMEEREORERA.
B ERR CcORNZE, 3 X ERBIck T 3 7'n /"7 L FEEERFEFI~OH
RO 7c o BERIICKI 90 A EHABIC 120 N\oBEBZ RS 2, FHz 7+ — 1
% 10% & 95&, 22N I9FTE. 1 2FTE 45 %,

Duration of the project
Construction phase: FY2024-2036, Operation phase: FY2036- (50 years)

7a<zy FEIELRK
FEERHA : 2024 ~ 2036 . ERHW : 2036 FEE~  GEREFEH. FHEBHEEEEM
X 1Two2 50 FEDERAZEE)

(Al

Co-investigator and his/her role

Aoki Wako: Deputy Project Manager. Oversight of public relations and outreach.
Terada Hiroshi: Head of Engineering

Iono Daisuke: Assistant to the Project Manager, Project Scientist.

Shindo Miwa: Assistant to the Project Manager(International Relations),

Kurasaki Takaaki: Project Controller, General Affairs.

Yano Tatsuo: Business Manager.

Kakazu Yuko: Public relations and outreach activities in Hawaii.

Noumaru Junichi: Head of Optical Division. Verification of mirror material.
Development of segmented mirror polishing and measurement methods.

Oya Shin: Sub Manager of Optical Division

Sugimoto Masahiro: Telescope Division. System Engineer. Oversight of telescope
structure development.

Tazawa Seiichi: Telescope Division. System Engineer.

Tada Takeshi: Telescope Division. Mechanical Engineer.

Okamoto Koichi: Telescope Division. Safety Officer.

Suzuki Ryuji: Head of IRIS imaging system, Development of IRIS imaging system.
Hattori Masayuki: Development of IRIS imaging system.

Omata Koji: Development of IRIS imaging system. Development of IRIS.

Ozaki Shinobu: Development of WFOS.

Nishikawa Jun: Development of observation equipment for exoplanets.

Yasui Chikako: Science consideration with TIO, outreach activities.

Kosugi George: Science Operations Division, database and computing.

Ishii Miki: Public relations, website.
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AR 23— ShESEEM L
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Rk 2K B—HAEHlEEE WFOS DB
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Science goals of the
project

FHBREHIEEE & Lo 30m EFRNREES TMT % # Lot cd 5 7
AB=v T TR L CRELFRFIRICH L 332 EES O LISERE &EHE L CHiEk
BIRNERELTHOVNRE, FHEPRLSEOHRE L —H¥ s 7E 2 S 5,

2.

ZRAYzs roRFEER
Science goals of the
project

BEEE1. E_0MIRREELERORER

KERD X 5 ARERIFHCEWTHEN A D D £ CICEMBHFEET S5, i
blxs NEICE > TIREN AT b, SBORY: - FHE¥OFERECH 5, T
E2HEEGRSLY 24 b X .Y =y 7FHEESE JWST) & KBEEEZH 2 KERXRE
DEFRBICKINT 2EDOREE DT TECRIHE, RDOT LA 7 A —GHERDIANcA
WMAGHET 2R EIRZ D C L TH b I ND, ZDLDICIE EMOGFEAREELD 2
fHi (RORP-C, KABKE LTHFECEZEEL AZHEE [(~ex 7y —v]) «©
MERBEIKEZ TR L, FHCHARIBERD 5, ~"EXTLY—vFHDLECGEWZ 9,
ZCICHET 2RERTE2EEHES JWST O GE ClREEEL bIvh v, TMT iX
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BEREE (W6 EM. (4) TIO e (K27 EM) ©bd, BEERK, FESEHED
BUWERBII A —H—REL b L il RS2 ZELCHIB LA DD TH 5, Hik - Bith
AR ICBEARE CO Wk KEOWIN LA & A% ZHER L L THAAL T S,
BB X ENL R LB Nt v 2 —CoNEE -2 & L, BARKEAEHD
FANFRH SO REEZEE L T 3, TIO & TIO 2 v ~—&# . fF#B AT
DYPSHICHE D HHEFETH 5,

BEREOIEC, BERNTTMT ey F 2 EET 5 0B \EE . kE (B
14 M) & EFRFIAEH O%ER (BElE 7 — 2B o8 [RAARER T — 4%
BHCHHATEL XS5 LT DRDDT =74 7%) OBAN 12 EMARBLECTDH D,

TMT & OHAIFERREE

SRR OBIHELEM & TIO 23w, 2 0REZFEHN 3 TH FAThh, chichnz T
BREE - CHHHBIAIZBESR/IFICEN 2 TH FPLEZTFEL TS, ChbDER L HE
HEoRBEIER~OHEMEG G U CHEFAET 5, BAROSHSEN 12 {EHTH
by TMT % HRDORZIRFIFICH T 5 72 0 OfFEK) 18 (BH %2 &b F M 30 EH
DEMBEEPBEL 75, HRDGHEO—H R, ENLRXEMEBIC X 2 HEE - Bl
BEoRFER S X UCEREEHICcE T 2 TIO ~o AEBRIC X > TS -

B~y 7— Lk
RN L FFFHE
Technical heritages,
technology
development status
and plan

1. FfiAUT—J LEMTRAFEIKR / Technology heritage, development history
and status
THH 8 CTE LOTCEHIL D TERE iz,

2. #filifFETE / Technology development plans

TMT s T 2 EfbHFE <, &t - 8iE - ML - R 0 R KRR c s\, ERAERK
BoBEMEZL 27— LTHHWAEAAFECEKT 5 C &L CRORBEICHED C & 23
T& 2, T LARMMNATRELZE L CHEMRNERIEL A2 OETHEZED TV 5,
HAMHYL T 2EHCONTH DT re XY . ETFICH > CTEEICEKE . Bi%
DT E 7,

O DHE & 70 5 BHEFAKMG B L CHIERICO W CREFIRGT 22 T L EHE
COWTE TIO Ic & 2 BERTFEICERK L. MRERNE . INTIcH #2052
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11.

TELERMECH 5,
O THRCERAEZESEEGECH Y A2 HLEE D OO T E WEREIEE % £+
% 5 2 COEAMPIRE L FER L T 5o
CREVEFESEE LTHID T, 1000 FC—EOHEOHBEAFEL THHIEL A
GEEEOEHOBILE DT 5% L, HKifiIY 27 OKIEREKBICKII L T 5,
O ENEIEM OBE L IFREM TR T I BETEZER L 2= 215 0. AN
T & R HEEIC O W T b EAFMIREME AT BENLORE—FT v 7IC
VERFAFEDIToTw D,
® H ARp 27 2 BlH2EE RIS HfGR EFHMERET O — 8RBT T3 % /& EmRkER
FECH %,

7Yz YR EE

Risk Management
Plan of the Project

TMT @&ETHEICE T, AWERC XL 2 ) 227 L LTHTF b s o RERMANT A
TORIHEHTH 5, 7 A TOEMTHCET 2ENTREE I 20184 10 H £ TKst
T U 2019 eV A MNIC & > TELHFMARH I N, Lo LEMTHEG, FHEcH
HIW e RS C X 2P8EH 2 H 0 2019 FICHMWi L 72, BEFTHD 20 TIO 5E
EERIFT LT A ~D TIO KEBOEFENBEL L RO, €3 2021 Fic TIO v v =
7 =4 —YxREMLRLE TMT vy z2 FERAY A ICEE L CHikhikbz &
5T &Ty RORERS & oEENGECHICHER D O OBRICIE 2 5 BHE X HBEFHE
Kolko Tlew NTAMTE. ZNE TERIBIRILE N A D5 7 RITREFER D A v o5—
LLTBNT 2~y 7 7TEHOHMB (MKSOA) 752022 FICEHLE Nic, T
DEY A X b HITERE & OETEBEROB & STEA~OBEREOHEERKE S EATY
%o 2024 % 12 ACitEL 72 Alameda »~ 7 4 iR &, TMT 1% 2019 485 3& > T
B BERESLUE~OHE, #IT~0FiEz2 S TMT O@E~DEH DT 7\
Lo REEY —BL TR, MKSOACHbL A v =L LTEINLERZ Y —FLTH D,
TMT &t~V >+ 7 T ORXFCHET 2ZER/PIEL T %,

T 7. T—0EEORBEZM D ENFRZ IBICTE T LTw b, N7 4 TOREELR
AHE & W L 2 EoREEZM e LT, HF Y THEET v~ (A4 V) % 20164
ICEERE L 7co 7 /3~ COREREF A& 2019 FICHUS X MR D 7c D DIERYTHE & (3%
Tndo "NV A CTOEZRERARELHWI L, 2207 A ~@EEOHEICEZTFHE X E
m%ﬁ@ﬁ%ﬁELbﬂioﬁbﬁ\@ﬂﬂ%%%?éo7A»7KL§?5%E@%\
CE CICEHRFRA% . S I N BRMEZ 0L TFATEETH Y, LT A@EZDE
GLABEOHE E FHECTEKTE 2, /. T3 2 HiE & ORFAEEESL H AR DI
EHEJEFRFIHE A7 A CEERT 2586 L FRRICERTRETS %,

D S5—oDY A7 BERIE, KREFHFBIFTHEIC X 2 ELRFAME (NSF) oZinoR
EMETH 5o KED Decadal Survey (Astro2020) T, TMT & GMT 2o 7%
% US-ELT 7wv 7' sty LETE cmER LMl E WD % 5 1. NSF dEARGKE
AezEEL. TMT. GMT & b HI&EGHEREICEGEERATE T D L DFHIi 2157,
—7Fi 2024 iz NSFick b, TMT & GMT #RAEHFTEFECBIT® 5 0%
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12.

i3 2 7c o ONFFEER B S L, ZoBEECE, US-ELT 7w 7' 7 L okEoFR
Flep g rEEESEHAIND L b, TMT & GMT o wFhoitE b R&%aE
FHCHELEERATE TR LD OO TEHlis . LaL, 20254 5 Hic NSF A
KL 722026 FEFHERZBCHE TR GMT % RIEHETERE cED 2 —F<c, TMT
EFEEPE DS, BINESREEFIRL v & v S HERE N,

chicxt Ly REWICKEOFHEZ IRET 2 KEEFRACTRELR 2B E AR 6N S,
2024 3 Awcids NSBexiLy TMT & GMT @ 2 EoH@mEs @i+ % X 55 2
TEOFHANKE I N, £ FF6-7 ACARI N EFHES LS X O TR
REAW X 2 KE 2025 FEERHERCE A CTH ., WSESEORE Y 8 KT 2 EaEn
FKHINTnwB, BE (20254 12 A) #ATWw 3KE 2026 FETFEEFEHICE TR,
FBEERHERBAOREERCE VT INSF &, MEEHE 7w Y = 7 b 2 E b ICRKEE
B~ EDRTNEALARV] EVIENLEDA-TREENHEI N TS, BEKC
[ JWST < Roman FHEEFED & 5 ([C EWOFTERF O FHERZEICEEY A kg o
7eb DD, KREEIBEL OB LR CRETFHESEE S NHiPld H 5, NSF L #E
TUBGICHER R b5 Ay TMT i % NSF ORASHRFTBRRE ctn ., @ikt FEHS
3 e OICKEHES B X TBIR~OB & 50 %217T-oTw 5,

RAXFAI2=FT4D
R REE IR B kAR
Strategy for the
Sustainability

of Astronomical
community

2030 SERLIEDO T FICE 2 RCF DR IC i L OB RUEEFEL R RTDH B
2y —EcREHCcE AN RS, chEEEGICSNE . #EOENT . B4 %
EELCTEHL, BROMAEE CREMOMARS L IREET 2, T2 HEEFHE L TMT
OEBEBIH & v 5 HAMB OB % FIREICT 2 & & bic, IEREEREEHT. FriBimse
BEENMEZMN2 C L iIck > TRIOBM%ZAIREIC T 5 C & T, RXFL T Th WS
b B A TSR E 2R CEI AR R E R hb 2 > T 72 b LK) 5. HADE
B e R Abic X EBRWEB* B3 & ic, SeinBmioBs % @ U C AR
DERICET 5o REHHE %8 U CEHEEMAM OB - EBREMIEER* X 2,
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GREX-PLUS (Galaxy Reionization EXplorer and
PLanetary Universe Spectrometer)

R - RESRIPEEH X v 2 2 GREX-PLUS
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Summary

GREX_PLUS (Galaxy Reionization EXplorer and PLanetary Universe Spectrometer)

AL - RESRIPREH X v > 2 v GREX-PLUS

Project Category

1. Big projects having large impacts on GOPIRA, typically cost estimate over ~1
Billion JPY CEHRFEICKE ApBe 52 5, i - ER 0T E & U ARREHE O
#. HZ& L LT 10 ML L)

Abstract of science goals, objectives, and methods

Understanding the origin of galaxies and planets is the ultimate goal of astronomy,
and it is also the subject of great public interest. To verify the standard theory of
the structure formation and to elucidate the process of habitable planet formation,
we will search for bright “first galaxies” in the Universe less than 300 million years
after the Big Bang, and search for the “snowline”, the boundary between water
vapor and ice in planetary formation sites. To achieve these goals, we propose the
GREX-PLUS space telescope with an aperture of 1.0 m. Compared to the James
Webb Space Telescope, it carries an imaging camera for the near- and mid-infrared
band (2 to 8 pm) with a field-of-view 200 times wider and an optional high
resolution spectrograph in the mid-infrared band (10 to 18 pm) with resolving
power 10 times higher. The infrared detectors will be cooled by the world's best
mechanical coolers developed in Japan. Launch is targeted for the mid-2030s, and
observational operations will last at least five years. With its unique observational
capabilities, not available in any existing or future plans in the world, the mission
will open a wide variety of researches including to explore galactic building
blocks, search for supernovae in the early Universe, search for active galactic nuclei
obscured by dust, study the formation process of interstellar organic molecules,
search for small icy bodies in the solar system, investigate temperature structure
of solar system planetary atmospheres, observe exoplanetary atmosphere, etc.

The acquired data will serve as a legacy that will be utilized by a wide range of
astronomical communities around the world in the 2030s, 2040s, and beyond.
Through space telescope development, data center construction, and scientific
research, we will also work to train young researchers and engineers and improve

gender balance and diversity.

7Yz bOBREMFEAN - HEOEE
R e REORFEOMHIRLEZORBMARECTH 5, 2 0FMIMEC 2, ERD
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B b MR TR e FRIERETE KR ORREL &~ & 2 T A RETRBGBIE ORI 2 HAY
EL, v THIRERE ] Z2E v 7N pb 3EFERMOFEHCHREL, RERKH
HOKERLIKDERE T2 —F 4 v ] 2#FES 57c0ic, GREX-PLUS (Galaxy
Reionization EXplorer and PLanetary Universe Spectrometer) Z#2%3 %, GREX-
PLUS &, A% Ilm #o@HFHEEFIC, Y= — LTz v 7FHEESICH T
200 fEAREF ORI Q2 ~8 I7my) [KEBEA AT &, F10EEWERE
DIFREDHREIRMNRE (10 ~18 37 my) O&ESHDIEHR (AT av) 2HET 2,
TRANFRR AR O M AN (X o FH RS S 2 1ER T 5 o T 115 12 2030 R AR,
BRER X S FU R HEEL 35, RN CICE -2 = — 7 ZBHEIREC X b, ]RA
RENT 4 v 7T ay 7 ORE, WIIIFHOEHERE, BICEDbNIEBIRIHORE,
A FERBED 5T, KERPIKNRIEOERE, KEGRERERR DKM EH
&, KEBANBERTHEKOBH A &, SHESHR2IRATHEILITTE & RERFEPIED B
PNbdo i, BHFL 7T — 2%, 2030-2040 FRDB 2 wEEx L LoEZ iKbb,
HRPDIFRAKLFE I 2 =7 A IWERAI NI LY — L b, FHBEEHFRE, 7—
2w 2 —EE, BEMEZBLC, GFHRSE - BIiEOBRE Yz v X —nNT7 v 2%
KA N—V T 4 OYEEICHEY Lo

Principle Investigator
Name: Akio K. Inoue
Affliction: Waseda University

E-mail address: akinoue@aoni.waseda.jp

7AY 7 MKE
KA« I LRk
Big : SRR

E-mail 7 F v % : akinoue@aoni.waseda.jp

Co-investigator and his/her role
See Appendix 1

7RV MRREE L ZOKRE
Appendix 1 2

Estimate of total cost

Approximately 50 billion yen (about 40 billion yen from Japan + several tens

M$ from international partners)

#BaxbroREY
#9500 &M (HAEHES 400 (FMHHEE + EE# %10 M$)
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1.

Estimate of total FTE (Full-Time Equivalent) necessary to accomplish the
project
Approximately 600 person-years (concept study, development, and operation,

not including production of scientific results)

7RY 7 b RRICHDELHE FTE (AF) ORKRY
#1600 N (#RET - B8 « A O Ao REERERAIHIC D 2 5 (&R L2

Duration of the project
FY2027 to FY2042 (and extended operation)

7nvxy FEERRM
2027 FRE~ 2042 % (+EREM)

VAL A N0} ¢

Science goals of the
project

2.

GREX-PLUS &, ErpREZRMNE 2 BT 2 FHEESICX Y, koo @dFECE
BRI EK L, T e REOREZMFHIL, FHOFOEGORIFICHIES,

A =P 24 Yoy S =g
Science goals of the
project

MR - REv— V= 71 2023 4 8 A D GETIC ZFHPEEDORBEL 2 015

PEFORBEE 1 [T5HDZEM & B DR O )
YWY ORKBE2 [FHICH T LMo REEDOBERK ]

GREX-PLUS &, chbznzhnick L U FoRFEE2EBT 3 :

ORPFHER 1 GRIFEE ; GS)
b DOBELCOFHT, o, LOXSIKIHMAILERT Z v 7 v—L0§taEL,
BT oL C&cor 2 HiFT 5,

ORPFHEE 2 (RERE; PS)
Fhic b OB HIER E KBGR, S bk, KBRNRERL LD X 5 IcitEL, BifE
FCHEELCE DT BT 5,

L2 OOREEFICH LT 12D 2 i 7 HoRFHREEZ LT (B1),

E BRI, BMEBROAFHED Y X7 ik, T v a vEELE LCNENT 5,
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H 1: 7R, LECERKE &
BEOBR

3.

Galaxy Sciences (GS)

GS1 First galaxies

GS2 Galaxy mass assembly
GS3 First supernovae

GS4 Infrared background
GSS5 First quasars

GREX-PLUS

ubmm galaxies imaging survey —
GS7 Dusty AGNs ging Y |:_> camera

GS8 Extremely metal-poor galaxies/ in 2-8 micron (WFC)
GS9 Galactic Center

GS10 Magellanic Clouds
GS11 AGN outflows
GS12 IGM molecular gas

Super wide-field

\\I/74

SHO SO BE v 2EHE O Bt

R~30,000 S
NI High resolution

Planetary Sciences (PS) spectroscopy L spectrometer
PS1 Snow line in Protoplanetary disks . . (HRS)

PS2 ISM molecules in 10-18 micron
PS3 Exoplanet atmosphere

PS4 Solar system planets

PS5 Star forming regions

PS6 Icy small solar system bodies
PS7 Brown dwarfs

N

J L

AT O DHrN T O B

A = 24 XY St
ERLBRORML
Rationale for the
scientific goals and
objectives

1. BN ERORK : AROER. HZXIFOMRIRA. F / Scientific
background, status of the relevant scientific area, etc.

L0EL, TAbL, IV WHFEOREKEZREET S C L ld, RXFEO—DDRMmE
BThHd, TEIEBEESL Yy 7VFEHEESE, 2L C, Y2—LAVzy 7FHER
5 JWST) d 207D ICEHRINLLE>THIBRSETRAV. RHRE 6 2B 53
FEHOBHEICZ, ERMEEOKZBRTICLE T4~y aBNDD, Rk REE
1216A X EREOKZEETFLECEDNILTLE S (Gunn-Peterson Trough)o #iic
CHDART bAT LA 7 HENCTE, HEERHIO A X 22 AHFGER (94 ~v 7
LA 7)) DIFEICREEEST 20 371 2 E5&EH Suprime-Cam KX 2R 1 37>
T COREEREEEC XD, 2006 F~ 2012 Fof, FRARE 7.2 £ coOmREH R
DFRFEPFTBILTONT. LV ERFRBOFEECIE, £ RBEEORNGEERILHE L
%5 BtE, JWST ic & 2 tBlllclER I Wi kmERHRBE 14.2 TH b, —F, B
3\, REROSFEMIEEFEREIEND, AT 2 ICRIEEFEENPLE L B b, T,
KEEOHRME LR T 2 DICEWRHEASBLETH , FHIFHCRIBERESE Y 377
ETEhneE2bNS, M4 0ha LA, HEEEEEK (A CDM) BERci
R OBFAENEIEI NS HE (HR) #EEzEXNORLTwd, co IERIkFEE] of
FIREEIFXA COM e 3 25N AT A e b, COBRELY, BE GRARE), HEF (@
BHEE), BE (RAER) 0T XCoECERAREZME—o0FE 2 GREX-PLUS ©t%
3 (B2,4),

HEkD & 5 AEMCHSNIRENEBWAGEARONE S D EBAT 5 C Lk, KX
FDbH 5 —DDRMEAETH 5 HMIKBELDHEMGIRIC & > TRIKOBFELRKRER L E 2 b,
BARE~OIKOUHEGERBOMIANEE L h b, 7z, REREMOBBBERRICENTD
HOKOERIC L W AABRESCH ARE~ODIPHEEC 2 L FHRINTwE, XS %El
R b, RE RS (FIHRERME) s /KoK -BHEERRG (X —F 14 v
DB L % ORFEELZERT 5 C L ARBWCERETH S, LHAL, K TR/ =54 ]
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DALEFELAS OO 1 au BE, $74b b5, 100 pc DRIKICKH LT 0.01 BATH 2,
BB RES L OBEABECK (R =74 v ] 2&RIET 25 C LA TE EBEEE O

BbOEEZOTHHFEL ARV, £ T T,

KERDFOERERENEL, 207 77—

gErfEzsdcec, (R -4 v ] ONBERRET 2FEIREIN TS (Notsu et
al. 2016, 2017, 2018). HEFRMNERE OEHO/KER % A GDE 5 C LT, FInRE
FHBANDIZ ) =74 v 0 2 XekE CcHIBRC& 2815 5, KBFEERDHE,
FEH» LR 1 au T 7 77 —#EEEE I 30 km/s TH 250, HESHHFERE 10 km/
sBENRBE LR D, ik, FKEHZEHICE 5 JWST/MIRI @RS RECH L
TI0fEREVERE AL, ChEM—FEH & 251EH2 GREX-PLUS t&% % (K 3,5),

B 2: GREX-PLUS & RE LD

PG O LB i
i - PR TR SRR T
104 Subaru HSC RN
E_I‘d @X—P@
i i
1000 - AN
& —
& Roman
5 N aor
¥ 100
® X200 | PRIVA s
10 - Herschel
1
0.1 1.0 10 100 1000
RER[um]
3: GREX-PLUS & k7> fEke L 1t
DLEFTE DB 108
i
@ J
108 / _\
GREX-PLUS
é —— ALMA
= 104
[I‘l: JWST xlo |_| '
1000 PRIMA
b —r—
% = — —
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Roman AKARI
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R AR[um]
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B 4: GREX-PLUS T#1XERA | &
EICLBN COM BERE Y T A D
L

5: GREX-PLUS TR/ =51~
REICLDZRERTABRE DR

BEDiEHTH S
B2 W AKEE)~BBEBEN~LEFHE BILRIFEE + R E =GR
24,
Iy -23
. Roman/Eucl
I TIE5 .
V22| ey | R
— A= 7J
8
ﬂit’ JWST
-20 N
YU 7L ;
o -
-18
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
EWCNEE)~SRENE FHE SE Y EOFEH

R

R=3,000 (AV=100km/s) JWST
0-H,0 17.75 pm 1&g
0005 /\ (Herbig Ae£; Notsu et al. 2017)

-100 -50 0 50 100
velocity [km/s]

flux density [Jy]

" 75— BB
<O|> 7K SR/ —FTAVNE
® ZRETEHL

1au

Z om R=30,000 (AV=10km/s) GREX-PLUS
g oo f\ 0-H,0 17.75 um ¥

(Herbig Ae£; Notsu et al. 2017)

N 777 —EEBNR
pad e >R/ =74V ERE

1au 10 au

BADMEH TH 3 ERXERTF + PRFNRES DS K

2.RETZ7AVz/ AT MILEESTICRICZL=HZ5LT 50D / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area

GREX-PLUS b 7z o3 d D&, (1) THIRERE ) SRECHERKRE2 I 7 v v bk
DBIRHREERG T — 2, (2) FHREERMAR (X — 74 v | BECLEADRITRIEE

#7T R~ 30,000 DE o EEERE. chblicHoBw2=— 7 ARHRT — 2B &

o

DIEHBEIC X Y WD CTEEITE 5, RMEBGEILRRP L CRERPRGREZ IR & LRI
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4.

WRIF - FHPEY 5 L CHERREMFCS T 28407 L4 7 20—,

QL RETZ7ACz/tavEe 7oA LBE, RE. KROMMOTAS I, B
% - &L DOE%R / The competing power of the proposed project concept
and its relationship to past, current, and future other investigations and
projects.

GREX-PLUS &, Bk T H =S I (Z Bl E oREZER L, Hiiy/h
TnTFHEHEE T T 2BET 2 RPARRZ AT 2, Bk, JWST X9 200
BIREHE DR A T & 10 IR FRE L FED 0 tis 2 83 20 FIRRDILHIEF /7 A
Z % $i2 Euclid ® Roman FHEEE &L AEHEETLERL 2 (B2), 72, KETH
o PRIMA & b BRI EHSCEESHEIER 2 (B 2, 3), WBAEOMOFHERE
SEatE & DB E, e RIEENAEASZ, CRLDRAR—ZX Iy vaviFAn
IR C® 5, KRB FEEEEE & gk L 2356, BHIKES—EEAL % O 30m HiE
FEIMT TH 5, LL, AX—RDbDEEELDEGH R BIHERESHERCTE 5 5,
[RREHREERED Fid D, F o B 51EI2H >, GREX-PLUS CTR>J7Kik%
TMT OBEZEESREECHLLBENT 2L WS FV—2b b, Fiic, R/ =74 V#
BCHL TR, HERRKFDOKGF Do EhbOEEIZIZIEAAIRETH 5, T2, R
) =74 v CTHS K TFHBRET NV EEZFEORERICH D25, 1 KikH7 D 10 K
D boBRlnnEnicon, #9100 RIKOFEHHIY ~ 7 r#ZiE GREX-PLUS <#l% T
EHTE 5,

7Rz MERETS
5

Scientific
investigations of the
project

BEY (1) BEBSEHAIERORIL

By Iy b 3BERMOWIITEH CRGRE 15 Llk) cREERF OB L
BRI ZHIRL, FHEYMORFOEEHEERAZ i3, 5 wREED [FIUER
F) OEEFEE %, EHTH DA CDM v F VU 45 o TSNS EEHERE & T 5,
HEEPTELZWG5E, YITFHICE T 2 ERESRAROBRICETEH T &2
RERE NS i 100% %z 2 BREAFEABECAIE, FEHIYICEA CDM ¥ 7
VFADRELICORD 5. T CONEBIMDOHERRE mATIRE~IHEL, &k
21X VAL WHICTERDOD 5 HIR %152 7 DICHE R L REHEZE X, Deep,
Medium, Wide @ 3 B D ILFHIHREGY — <A 2EET 2 (RDo TNOLDOHF -1
NASA Roman FHEEHFIC X 2 HE 2 I 7 v v I T ORRERE Y — < A HRcEfiE
¥ %o Roman 0§77 — 2 Liflagbe, [PHUERA] 0T 4 <v T LA 7 ZEREEf S
%o BlAMCE, BHE2 17w YT (Roman v F) CTHREEH, HE2—5 17 v
(GREX-PLUS iEFRMHETF ¥ v 4 L) TR, & HIciR 5 ~ 8 3 7 v v (GREX-PLUS
HEZRANR T + v 2 v) CRIRH & 2 2 Rik% THIRERE ) fRffie LCRIRT 50 RS
~ 8 I 7 v vHORBRHEEMA R, EBRGRED X2 cBEbNRF AGN 2 PR3 5
7eDICBETH D (MICZ 5 o 7 BRI - AGN O:ZFRICHIERCTE 5), Foh
7o THIRER ) ofEEEE% A CDM ic X 2 TR gL, A CDM %#GEE %,

PART II: GREX-PLUS (Galaxy Reionization EXplorer and PLanetary Universe Spectrometer) 51



% 1: GREX-PLUS LARFHREN—E

S.

Deep Medium Wide
m#E [deg’] 10 100 1,000
F232 [AB Z#k] 26.5 25.5 24
F303 [AB Z#k] 26.5 25.5 24
F397 [AB Z#k] 26.5 25.5 24
F520 [AB Z#k] 24.5 235 22
F680 [AB Z#k] 235 22.5 21

BE (2) RERFABEDHERA

FIARERMBICETEK (2 =74 v | ONBREERBGERERCEKA
BTRE0Th, BAXERAOWORECHEIEDb>Twd, B KEELEFEFDR
HRERAME (T Tauri BI) <, [HOKDFOWE 10~ 18 2 7 v v HoEHD
HRRAEHIL, R T a7 7 A by 77 —BHEEESHEL T, (R -4V D
MEBELZRFET 2. BRI, BRBURE (T4 vy 224 v ARED & lRE~E O
HAEbE B 2 EBOKY THEEREL, 207 77 — B8 2 BE DT 5 C LT,
% DR OIS FEE (BRMIC IR O NER) 2% T 5. chbeREaT5C
& T, FIGRERMABAD (R -4 v ] 0 2 XRulErfistid. coflfilz %
TERFEEAT A= 2R FhROFHBERME, 9100 B LcEfETsce T, (2
) =4 v ORFERELEEAT 2, CnicREARBRIEREG, WESEEER 30,000
Nz <, EE 10~ 18 I 7/ nvHoEENAKEEN ~vy Y, BXU, 18/, 50,

5 m]y FEEE DL & B x 1070 W/m’ BEOHHREECcH 2, (B6)

Ry¥a—Ib
Schedule
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Participation to NASA 6m Large Infrared/
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Habitable Worlds Observatory

NASA 6m AR AL RN =85 Habitable Worlds
Observatory ~DZl
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Summary

Participation to NASA 6m Large Infrared/
Optical/Ultraviolet Space Telescope:
Habitable Worlds Observatory

NASA 6m SR I RN = 3
Habitable Worlds Observatory ~®Z

Project Category

1. Big projects having large impacts on GOPIRA, typically cost estimate over ~1
Billion JPY CtHRK#ICK & A e 52 5 KE - k0T L & UAREGEE R
#. HEE LT 10 @AM L)

Abstract of science goals, objectives, and methods

We propose Japan’s participation in the Habitable Worlds Observatory (HWO),
NASA's future flagship project, with contributions in instrument development and
science review, and will carry out its main scientific goals: 1) search for habitable
environments and traces of life in the atmosphere of exoplanets around solar-type
stars, and 2) extensive general astrophysics research. This project is an ultra-large
space telescope with an aperture of 6 meters in the ultraviolet-visible-near-infrared.
It will take advantage of its unprecedented high spatial resolution and sensitivity to
directly spectroscopy the atmospheres of about 25 terrestrial planets to determine
their composition. This will enable the first detection of life habitats and traces of
life on exoplanets and estimate their frequency. It will also be able to detect small,
dark structures in the early universe, and its ultraviolet spectroscopic capabilities
will enable it to probe the material cycle in galaxies, revealing the history of the
formation of galactic structure since the creation of the universe. The high spatial
resolution of the instrument will also provide images of solar-system objects as

if they were observed by a spacecraft, and will deepen our understanding of the
possibility of life on icy satellites. This project will participate in the ultimate
mega-mission HWO by contributing Japan's own instruments and scientific
investigations to maximize its science, and to develop human resources for world-

class research and technological development.

7Aavz/ bOEHRLEFEN - AEDES
AETE Z. NASA @ 3573 o5& EH 1 © » % #8 K B3 1 2 % $5 Habitable Worlds

PART II: Participation to NASA 6m Large Infrared/Optical/Ultraviolet Space Telescope: Habitable Worlds Observatory 67



Observatory (HWO) . HAZEEFFE, BERMOEREZFE-TSML, £0E
ERFEEEE. 1) KBEER Y ORNEREORTUCE T LR B A R
DOYRE. 2) JRHEFH AR —-RTHWEEIE, 2279 5. AETHEIE. D& 6m DI
AHEDEERMNRIC T 2 BAETFHEBEFE CTH 5. TN E TICA WIS AFRE - B
24D LT 25 Ao BRI E O RK[Z BRI LRT Z#H~N 5. ChIC kD RAX
BT\ IO CEMBEARSEL CEGORB 2R L, 2oL REEY 5, ¥, FH
WA DG < /D& AiER E CRIEFTRE T, & bic, SRR IC X Y SRFIN OB EE
BREFERETDH V. FHAVELERORA OISR KE 2 F X T. 7o, @B 7T
REIC X 0 REGRRIEZ SRE B L 2B AERAG o 1. KR cotamEaErTErED
B2 RO ObN 5, AFHHEIE. COFMDAH I vy a3y HWO K HAME OB K
REERAICET 5 C L TBIIL, 20 A Ty RAOFRREERS & & bic, HFEL~L
DR, HfiFARZ#H S AMERZT 5.

B

il

Principle Investigator
Name: Takahiro Sumi
Affliction: Osaka University

E-mail address: sumi@ess.sci.osaka-u.ac.jp

7AYo MRS
K& . &F
FiE « KBK2E

E-mail 7 F v % : sumi@ess.sci.osaka-u.ac.jp

Co-investigator and his/her role / 7Rz ¥ FHEIRRE L Z D1RE|
KECHIEE LTiRft

Estimate of total cost / #aX D REY
20 ~ 40BJPY/200 ~ 400 &M

Estimate of total FTE (Full-Time Equivalent) necessary to accomplish the
project / 7AY 7 FRBRICHELI FTE (AFE) 0 RIEY
TBD

Duration of the project / 7Rz 7 FEiEHARM
#4930 £

1.

7Yz bOEER HWO oXZEHARERERER : 1) KBEEER ) OFAREORRICE T, EaEER

Science goals of the B CAEMOEBORE. 2) [AHF A —FHPEENETDH 5,
project
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2.

7Rz o FEEN REEDOR 2 —Fd, BROBIC L >THWO 23t Thd, 2% b,

Science goals of the AFTHEOREFHIE. NASA © HWO oz L REHICFRILTH 5,

project fhEE D RPEIC 6,000 M EONERBROH > T 52, RAKRLEOWEICHET 2
Fox O, Bl BB, KEIALCELNTV S, Bx . X5 EATARE
DREZEDZHECEL LS BBV TH D, CDI vy avOHNE, ThbD
RRUBEREN 2 B AREICE THR L KBBEfED [pale blue dots] 2 Ro0 3 e
b, TorhvvIn A IBBNE, BEFRE (~EX T L) RHERO X 5 AGHES
IEEORE CHiAOr—MI AT L, EmodkiE (N F v 72 Fv— 1 flzd
KEHFOWEFREY) 2BET2cenTcE2 (B1), KIBRICHRD XS UKRER, 2
FHOARBREONEZTNY - 2EAET 3RV A XORAXKEBEOXTHTNANAFL S
2F¥—%2EEBTE, b, BRABEORNKRELZEBHT 2L v, BLOKER%E
BRERLVSLEVXRORICHE DT B UBRRAREELAREICE S, 7. KBERAD
KBELETOEGEEFRIEZAET 3,
fhORZEHWE, ERE2BUCFHEEAH L EEE Yo v 22 BT TH 5,
RLPBOBEOEED, L, RADEFLEL, ELREDFHBAERXH=_XLETE
BT 2L THD, FHOHELEILEERT I LT, YWHED T v v T 4 T 2B
T 2%, HWO 2H[geic T 2 R OHFFZIAR T~y TLVEEGE CRbhAETo vy
7eZENPEDO MYy 7 BEELTWD, £ 1. HWO ORIZEFFIREM: D2 T * #85E
T TRAVWE, REWAI A v 2T —2DH%ERT .

1: HWO T#Rlah 3 LHifFEh
%10 pc. ~ 30 FZEDHIRERHA
BEDZ~RI ML (SNR=8.5)

o
7
o
x
o
=]
B
x
k|
=
8
%
ot
°
c
2
[

1.0
Wavelength [pm]

% 1: HWO's Signature Science
Cases

1- Finding habitable planet candidates

2— Searching for biosignatures and confirming habitability
3— The search for life in the solar system

4—- Comparative atmospheres

5—- The formation of planetary systems

6— Small bodies in the solar system

7- Connecting the smallest scales across cosmic time
8- Constraining dark matter using high precision

9- Tracing ionizing light over cosmic time

10— The cycles of galactic matter

11— The multiscale assembly of galaxies

12— Stars as the engines of galactic feedback
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3.

703z FoREN
BERLBEDRI
Rationale for the

scientific goals and
objectives

1. BZHEROIRY : IROETR. HZIPTOMFRIKR. % / Scientific
background, status of the relevant scientific area, etc.

KEDOFHWELF O 4 10 F0FHHE % #5355 Decadal Survey Astro2020 o AR
EFTHEICRE S N 43E DA 3> (LUVOIR, HabEx. Origins) &\ RAEMEFE
YEEHWO—DICLTnico HRD D D ZNENREESREFTCEIML T, 2021 F
11 A Astro2020 OFEHR, fEfES v > 3 v icBAL <. Great Observatories Mission
and Technology Maturation Program (GOMTMP) %&&EL. % T [6m %5R
AIELEFRAREER | 2 RaT T 2 C LB S o ik, LUVOIR, HabEx &+
Ay AT—NEFRLC T, FHEOHEEL b OFETH 5, Dk, NASA T Habitable
Worlds Observatory (HWO) & L CBEERET 236 % 0 JAXA RUEE & L E FRR) .
Bl (NAO &ML 720 2025 4F 1 Hic ISAS/JAXA i HWO study task force (fR#
R NEREI N, BROHBE %~k LT, NASA & 0o&E N & 7% b LFEBIFES] %
B 7o

ANBEOBHHEE L KLF L RERNFCET 2Rb Ay P AFEEDO VP LDOTH 5,
520 FEfC, AT HORNREREKAINTE o KBDO X S AEELTTAL, K
BEORBBECHRENFLET L LI NP> TE k. HEDORNKEBHIZ, AL
JThl, ZORKEEUHE~ 2B EHL 2 CT 5 TR dfTbnskkich-> T
7co HEMEETRNREORA L ZOREMZ, T EITHLAEE TR IR, ~E X
TNRECEEREOBHZF ZEONT VS, Thid, BEWNNX L, [HECEWZD
TH Y BEDOED A&, Trappist-1 %D & 5 AN 2 HECBRE L T wiREE
B0 ORERHDE B oTnD, REEEDOE D ICH /N BREEE JWST DR
R—27y ML’ 2EH 5D KD X S REEORE Y I 2/ RBEEEEFERTH #
Lo XD 30m 7 7 A OBEEF & HREEERE D o2 T IR % EEEHIT 2 23,
KBRIECREL V. L, X5 NEOBER LY T, HZ WABOL S BIEED
AY %E%, HROL S LEERELAREZHKRAL, ZORBEMALHICTICLRTE
PFEHEREFE I v a vEARICT 21 FiAHRA L TE 7%,

FHICHET 2Hx OHFER, HINTR VI BRNEETH 5, FHEROBEL, B
BYE. B NV A v oRc BEMEAHEAEERRS %2, JWST. Euclid. LSST.
Roman. %L T 2030 R % CIKEE I N T3 20m 75 40m O REES L. W
FHICET 2 FHBEOBKERICET 24 oML KigcH L2, LAl Th
LOREEFETT O, FHOBELAOERICRLEEL., 210 DRYOMALKDL IR
EDORHIEVRIMRTE T, M kpc ICHYTIRLEEDN/NS WRA (EEEE< 10°M,)
ICIRERELEV, LI A XLEEDO AT — LTk, BEMEOEEL & 2 hicBhE#
TENY) X vEEOBILICET 2HAT 5 F U A’k AB = 33 /L Y B BIHIcli
FEFJRECTH % L FHlT T 5,

HHHEIC D7 2 ZHREIIC XY Fxd, RADPEDE 5 IZL TRREBEICEITS
NSBESEDLREY. ThHPBCIRELZEEYPEN NA—~LEEL. ZITHRH
BAELRY, BHAERINZODCONTOY F I T EHfinTE e, ThbD/PNE AT
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& 2: HWO T 10 /$—+t 2 O EE#EH
LREABRKICLZABROY I
L—>3v, (NASA/GSFC)

X B E LD ICAERL. XD KRERIMAINLBEBHICKEST 2, LAL, CDX5AY
>V A OBERICDH 2 PEE A ERIL. 70BN T, BNEREEORG & 55kRe
HEAREE RT3 HST AR L 7 ENBBOFHEEEFEII LV, chb 22,
A% 20 FEic HWO BoZEABEHTH %,

HRZCNE CERAREOBHICKESHMML C& 7o TWR2EET R, KBED X5 A&
HEDEY #0123 EAH AREOEBEREZ AIEEC L. BWEHEORE ) CRERERK I
kM L 5 DRI ERMBOF v v FPHEEMELHAL 2 ICL 2o ALMA ZHTE,
B au 0B ARERREE E CHBMAELHRL T2, MOA  PRIME ##E§i % &
DHFHEO~ A 7 u L vy X4y PV =27 &, BARAD, KPEREFRCD 2 KEEK
BEOBEREZHENEETn 5,

FTRE2EEF R E o SO RHFBEERESHAEETHORA D5 — X Xk > T,
FHOBBCEHBRL T\,

2026 F. NASA @ Roman % v ¥ a2 ¥ 23475 L 54 %5, Roman & Kepler 3 »
vavifistl. #iIKEELTORBGRNRED v b X 25K ¥ %, Roman IZid,
HWO ICRAIREE A F 7 X MEEGOKMEIHKE LTanF /776883, B
Ab247ALYX, AAFS 57, FHRHTRoman [CHEKL TW3,

HAEE 72, 270 WSO-UV 2 v ¥ 3 vic UVSPEX (KB RNERE %N
%) CHENT 5 FE TR ED T &2, UVSPEX 3. M BUEE o FHFHIC H 5 HiEkic
L7z~ 2 TN B FNEREE 2 —7 v b T 5, WSO-UV/UVSPEX & #iER I {72
E X TNRNERERDDIED - 7R FIREEFR AR Z ~ 16 pc DEEREE i35 C &
T& %0 COXSBRIEDB o B FRBBRKDOFREGR £ D X 5 ARECHIR & Flkko
RRCMERFET 5 C L 2mkT 5, EEEZ X ) WSO-UV/UVSPEX DBfZE I
HET L < w525, UVSPEX OBIFRER ZIGE T HATE 5, BN CERENFFHER
gRatEl (LAPYUTA) BABEVNMICIRZEI N TWw5, LAPYUTA . S/ 8EHIIc X
0. KEEOKEH, RAREDORIEA Y WAOEERNK. ETREKEBEIHT 5,
UVSPEX. LAPYUTA DRHId. HWO ICHRE S N2 RN RD AR TR BB OXMRIE L
%3,

2. RETZ70Dc/ b7 MIBZSBFICRICZDL=5Z5L TS50 / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area
O HWO (3, FEDOKBDL S LEEDNER TN -V ICHSMRBREFRKAL
EHORBEZNDTERT S, COHWE DT vY s b CRERTE 2\ (K
1. 2, 3)

/ EARTH 2.(
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K 3: HWO &, HEREKED >
YREFERTEEIT TR 20
DEREORK[TEYRBAREZFRE
L. BEEICHES KREROEIC
FoTld, WIRUA TEGHEFEET
BRYDIEEASHIZTED,

O HWO [JEENEREREZTYEVY I L, ZNODSIREZMRAT S,
O HWO &, 52 0ilidii & CoBIHIEM 2 IR 5 C & C KEGR 2 b #3RE[,
FHICE S KRB ROF 7 AR EZ FREICT %0

06 T

T T
05 Archean Earth |
Archean m——
04 hazy Archean b
31 CH. i
haze 2 CHA CHy CH

02 Hzo 02

01 CHy Hz0q

00 Hz. W \.,,l -

0.5 2.0
wavelength (ym

albedo
o

T T
Proterozoic Earth |
E o
1% present level of 0y ——
0.1% present level of 05

H0 K0

albedo

CHs co,
H0

age (billions of years ago)

1.0 15
wavelength (um)

04 T T T
Modern Earth | - .

modern —— -

0zone 03|
Ho MO H0
02 05 = R
03

051 / oxygen oL
watel 01
0.0LE1L 1| 1L 0.0

104 102 100 102 104 05 1.0 15
column mass (g/cm?2) wavelength (um)

albedo

H
H,0 COz CHy

. REXTZ7Avz/bave T A LIBE, RE. KEKOMOTAT I, W
% - FEL DB / The competing power of the proposed project concept
and its relationship to past, current, and future other investigations and
projects.

AR L7 X 51y HWO @KRBD X S RlEED A X Ty — v iCd 2 iERRIRE %
HLEL, EHORBZEFEZEHNTEIRVINIva v THD, COBNIRBOZA
xV FTIERTE AL,

RO L 7 RNBRERE I v ¥ 3 v TH 5 Kepler (&, AT O RINRE Gl % i HH
LFICKEGD X 5 AlHEOE D ICENRE N EBICHFEL TWE C L ZHHLAICL 7o
ANER TN =V ICERBRENFET SMHERE. KB X5 AHEOH D T 10%RE &
HEINTRD, L, ZNDEFTXTHIER2LETES (100 pcBlb) 20, 20
R EHO AICT 5 C & ERATRETH 5,

BEETH o TESS 2 v v a v ik, Kepler v a Vo2 fisEd 5 C LA TE,
ANERTNYT = ICH /NS BBREEEURNREBMZ 3 < 1000 EE R L Tw
5, Ll ZNDERED LS RETEAL, FEEEDOE Y 2HsTVw3, ThbD
REDOWL OhiE, JWST ic X 28T, KOEBZHIET 2 B8 TE S, TNHIF,
RARHNCZH L 30m 7 7 R OEEFE CEBERKRTE 5, L L, HkhOBHIAIEER =
YRR 10 CHIEE N TnE 70, KO X5 AHEDR Y CH 2 KER. &b
FECHDT v ZINRET VT 7 B CBHlcE 2w, ESA®7 Y =1 (ARIEL)
DX S BIRO/PNEIFEHI v v a vicE, PERBREBCHT2EER A v, LT,
HWO G EiEn I vy syt @—iEems
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Bl 4: # 4 7o E3E 35 0 B fh iR,
HWO i3 LUVOIR-B IZHH4 9%,

4.

—7iv WSO-UV @&, MEZEEDEFICH 28D, $ %\ TESS iIc X o THRAZ
NIHIBRIIANE 2 TVEE % ~ 16pc DEEfEE CBIHAICE 2 ETH S, LAl 2D
K5 miEDO X =7 v b OE~ 10 EICHIRZ 15, HWO BREEFOAZFRHKE <,
EER (100nm-) ICREZFBOILHOATPHIOFTEICHATIFINI LLIEF
REBR, KR, BERORHEND S HICHRI NS,

HST DiEfxikid. A ~—ZX TOREMNRAEDE CORmBEBM@MEZ 5 C Lickh 2
HWO &, HST DO ENBHORNE 2 BHT R ~EE T 5 ¢ & ©. —fRNEXEY
BEZXOMERLIBLEETS (B4

100 pdy &

10 pdy

1wy

100 ndy

spniubew gy

>
=
%)
C
[}
()
(@]
£
IS
£

10 nJdy

1 ndy

Wavelength (microns)

7RSI MIEETS
5

Scientific
investigations of the
project

5: ®EFH DO HWO 7—* 77 F v
ED—2, RAF off-axis 7 &R,
AE 6m,

HWO i (W) 6-8m (LUVOIR-B B : 8m/ W& 6.7m, HabEx A% 4m)
DI ADLL RN IC B T 285 Ly EEESE . LUVOIR-B 2 v & 7 M iIKif v,
BHEEOHERE 2 ¥ 2 v 6 IR BREHOTHA v EO—2% M5 ICRT,

HWO @&\ WEraEnRNERE DY v TR & Skt 2 BIFICHENE ¢ 50 5 FER O
TT7A LRy a T, 3L 25pc BROBEFOKERE CEMOIEEZ RS C LA3T
& 549 30 A o HERER ARG & §9 600 HOIBERRNBELFERT 2, 2L T
# 25 HDNERX TN ERBREOA[EZEES K LR EANEGORBERS,
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hickY, RARET, NHTEKBREFRERVERORBEREEL, ZOHEZRED
%, HWO @ % 7c. KIBAKKE REK A ORHRE BT 2 (F6).

6:HWO ICLBZKREDHETY
O/XOREE 7V —LDE,

ZORE L EZHEEIR. BEXELBEARBAOEZHE, HOW3BEORA
OFMESHAZAGEICL, RALPEDL S ICELLT 2D E2EBET S, &~ AESHERE
(500nm T <16mas) T33HE COREKEBRET2RENE2HOHWO B, z~2 1k
T 107°M_sun OEE/NMEF (139 B EHl-¢ S/N=5 % 4E) O X 5 Afgd/h& <
BEOBARFZHZ 5 itk >T, L EEME2E#ES T2 LT 5,

Bz RRER B E Hight Resolution Imager (HRD @&, Z DKW HEIC L b
R0 b /N E REERER 2 BT & 5, UV Multi-Object Spectrograph (UVMOS)
DI=— ) TEABEABRSREH AT, RAELEZEZEZIZ2LTEEL, ARL
Circumgalactic medium (CGM) RO HRDiFENh%E2 vy Y IT3EHE—TEE 3,
HRD2I 2=7 4 2bOEHME LT, BED—2, LK IF2 DDOFK* HEFICKIT%
LTHD, B DTokAaF —HEif0oEERFELZITo T 2EKETH %,

O NEawF T TRE: anF T 70w, RAERFR. TES/
HiCIAO. Roman CGI »~V 77—V %EHATE 5, AX—x2vF 77 7Hif
B D70\ W ODDOERET 2 b Xy FRENICEEES [ EERFcd b, F
TR CIE AL & 0 /& 7% Inner working Angle IWA) BABETH 5, T b
DFAIRy FCR, Z4 b=y 7R 6 REUETRY (IWA~2-3 2 /D) <
H7REAF, MEOWKE Y v 7| X— 7 d—1fliiER EEZBARL TS,
b, —REEFBRRIANF I T 7R 4 ROXAEIFEFIC/HEARTWA (~1
A /D) cEHcE, #HEFAVORELHMCTE S, 4. TS /SCEXAO %
on-skys EWT R Xy b &L, ZoOWHEMERNZHWT, Lit~vr7, &R
[E1#& photonic nulling chip IWA ~ 0.5 A /D) OEEZTI.

e UV Integral Field Spectrograph (IFS) with High Resolution Spectrograph
(HRS) mode : JAXA @ HISAKI # £ r > 7 WSO-UV &N T HEEHE
BER,. < O ICHAERER ORNREE LAPYUTA OBRFE A v X =25, % D%ER
g L HWO Ho%isatiss (Tapered MCP) . E#fiEF (7L — XA+ 1
AZNEET)N A A=V ATV —, BLUEH2—T74 V7 2BRFELTED.
SNEEE S VeER (UV-IFS) oR@EHRGT 2o Tnwd, 2. o IFS 2 RS #
BE 10 TRRE oEmSEs e (HRS) (A EbEEE Ny r —VE2RELT
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S.

w5,

oM R THOKaNsY FTEI Y% Roman HIcE#EF (54m ) KR L &
Ka-band (26.5GHz) %E#&%IEHT %,

07 — ZHAAL F54 v I 4 Ty RDOBATE

RyTa—v
Schedule

6.

1. K¥Fh ARSI ¥a—I / Rough schedule

2023-2029 GOMTMP (#E&#eat. B3Rt 7 = — X, pre-Phase A)
2029.6 Independent Technical Review
2029.10  Mission Concept Review (MCR)
2030- Phase A Concept & Technology Development
Phase B Preliminary Design and Technology Completion
Phase C Final Design and Fabrication
2040 Phase D System Assembly, Integration and Test, Launch
Mission duration: 5 years (prime) , 10 years (extension) , 25 years (with

service mission)

2. ARR TV a—VORZERR~DEE / Schedule impact on science
ORI NABHZERCEBMOT e Y =7 FE AR WD, BIROBEIER, AZHHE
DENKERZOHBECEHEL 2\,
® HWO & 2029 4FiC pre-phase A ## 2 MCR %17 5. EZEEIfi2 MCR £ T
ICHfECE R TNIE, AT T a—ntaX rolhCkEAZERE S,

7nvzy bTERTS

4k
KB

Instrumentation of
the project

1. ERET2EER - 8 . i &2 EIR T3l / Description of the technology
to realize the investigations
HWO oF by s fhE BRI Bt Bk 7 5 & 2D R 2 E & L ROE,

. BN, BELE, 500nm CTOEHTIRAR, ZEEND» OIEFRNE TCOFHOD b
W LIEE L BEOYWEOEREFHE DL DT RINEEOKE (100-2500nm)
EaRp o L Bl (0 - IR BELERINSG, HIRBERAREEZSIVEFFX
b THAT 2 HICREMEZTI AIEHREEZEAAALREOMEZTS SHEIDFS
FZ2bRETH B,

2. BT 2ER - Bl - pMBEEERRTIAE - BilficOWT, o, LUV
MElxfiie D LLE / Comparisons of the selected technology with other

technologies
oL HEHFEEAL DD ? EAEFREAKREOEH L EHIEDORELHEFET 5 C L id.
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Z DEENRDKZ MR CEX 2085 22 BT 2#cH 5, REEMMO I
DEEBHIZ. REOKRZ»OHMEE COECEREIRMIT 2, cDin, HEN
E OB KEREEDEFRE A (GEECREBECHFELAWT A ET)
DEERFENFIREC AR 5, Bl HE Gl 7Py FoakiE) cildk. Ko
L5 AREEDRA Y ICH 2 HEKD & 5 AREOKREIFEOKRIC X B EEA DRV
e, BEHEEETH 2,

oL ¥ H ? & NUV-Optical-NIR EREDH? HWO &, KD X 5 AHED
D 2HIKD & 5 A ANERE 2 EERBHT 2 D BbBERFE w2y P IR+ %
ERT BT TR, I EBEE L TH 5 —2DFHRDH L, chbDH R
CiEs NEZ 7T AR IRBRE 2 R340 FE# OKESR. CO2. CH4 2 L) ©4%
PiEa (02« O3, CH4 2 &) BEEN 5, TNbTRTOHT ORI
NUV. Jt%¥, NIR OFEEHEBICH 2, ENRERK[RIND 7o Ecid@ifllcx
A\,
OLEZABICKEVLDD,? KHFEF. K& AEXERH. mERHoHEE. NS A4
VF=T =% T v ($RTOFOEE) oAEbEICL>T, LD Z£L
DRNBEZFAL, MIRFT 2L 2TRECT %0 $7c. TRODRICX Y, i
BN OEFNETCORRT P LORFEAHLCAR D, X bic, REHICHE
RREZEMREL DLV E =7y P CRERHORE M (KECHEA L) 2~ v
Ey 7T 0B, HEIEIOEREELE RIREIC T %,

3. RREKEBOEEHLHEE / Major functions of the proposed instrument

HWO ofEtE. v @E=v b7 2 b, SRE, SREREOBERIC L > TS
Twb, BfEEcic, A& (B8 6m (A :7.2m) »H 8m (A : 10m) DA
L DEEREE T, BETEEEFEHTEL L SBIFINLTwE, HWO & 5 ool
A &z T wdo A r— N, KFEEEHE T 7Y (OTA). BHIEEE Y 2 —,
BLU_Aug—F - F—F4Fal—vay - VRATFLhabERINE, FHEE. FE
B2 LIUINEG 2 b OB & B L EE R TEIR T 2 70 0 ZEBEO B S L s b
%5 (B5),

HWO &\ ZEL7cERREX IR 2 KRG - IEkE—=7 77 v Y 2 /i (SEL2) T#
HE N5 HEEFIK & 7% field-of-regard (KIBIC X L T45° £ C) 2 b XA 17 ) 7 4
ANEBREBESGC L, —RCBRIZ 7Y 2 — A ORE2H X5, RABREEE
JWST o 2 5T, KBBIGE N KBERREOE R % AIREC T 5, FEI v ¥ a v OFEME
5 FC, EBE S N AR GEESIAR L) X 104FE -2 RA[gERa v R—2 v b (3
T—k AV ERYE) OFMAER 25 FETH D,

4OOR=2F A4 VEBOEAKEBILTICORT (R2ICEHN), SOHOERER., 4

BRET I N D2, BEE CIBRIN T EEEBED—D POLLUX b U FICTRT,
1. High-Resolution Imager (HRD : [K#E#&&H 4 7 : 220-1000nm Z #N—F 3
NUV-®1#HF v 21 (UVIS) X ¥ 1000-2200nm % #°—3 % NIR 7 v x v, 1
BiE 3" x 2" Tl T v v o A FEIRHR G BT 60 D 7 4 v X — 5 XU grismo #EHE
E7TAbPaAF)E—F (~0.3 2 ms
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RF2HVWO D 4D DR—2 54
VEBOMLKEZOMDEEOH
(POLLUX),

7.

2._Coronagraph: FNXEEFHZBHHHA 2w F 277 7, AN (450-1000 nm). EFHRMN
# (1000-1700 nm) F ¥ v AAHBX—=2F 4 v, NUV (200-525 nm) ¥+ ¥ %L
EA7vave, @av 7R OBEOZFRET, HHAAX7 P VoEREE R=6
Ty B IR YV VIRIROBH SR « ~ A XBEHEOREN T toTtd 5, H¥F +
¥ acidy 760nm Ok O2 Tl O IC i 72 R=140 O#fEH £ 7 & Integral
field spectrograph (IFS) % #&#i. NIR 7+ v sk, R FRiE (CH4 %4 L)
W T 2 7D R=40-70 » IFS &\ CO2 % #&Hi3 % 72D R=200 @ riJtiFEH R
L Eto

3. UV Multi-Object Spectrograph (MOS) : [R\WEEZ#FH (10 8 K 225 10K) &%
BT AEMRACHIET 2 L2EABNE LT3, FUV ZXKESEE (MOS).
NUV/VIS MOS, FUVA A=Y+ D 32D F v v AAi3d b, HIHEERZ L —
v b & HST # 8 CINERMB 22 &Db8 5 C & ©, HST 0%t X v 30-300
B WRIKICEES 2 C LA TE %,

4. UV Integral Field Spectrograph (IFS) with High Resolution Spectrograph (HRS)
mode: FEMNFRESEIC X 5. KEGERRIE (RESLLEOEHE, KERKA L), RiTAH
AR (CGM) DH R, ~NY A+ U EER. EFKEE - H | B 0ME, EERA - B2E
EROAIBE, TIHFEHRO 7 AEHIC X 2 FHEMOMIAL £ IFS oZ2M o fERE 0.047,
B 3.27x3.27, RS RAEE R75000 TH %, 7, mOHMOtHRERELZNRLE LT
B, EESHRE R7120,000 2485%E L CEEtET 2o T 3,

5. POLLUX: AN 5 e@otEte ESA IC & - TWF%E- 855 S BN FEHE & v £ — (CNES)
DY) —X—=v v FTEXBEHR T T 2o 100-400nm (90-400nm 25 = — v ) O & 57 fEEE
(R=120,000) FAEHER<RZ b rzifitd 2, ERRL + FRL & BREYCoBHT — P2
» 3%, POLLUX & LUVOIR-A BERcEEF & 17 h3. HWO @b =z #atrh,

Name Function FOV Bandpass | Spectral note
(nm) resolution
Coronagraph Ultra—high contrast | 3.5— 450-1700 | Vis R=140, | Integral field
coronagraph (107'%) | 301 /D NIR R=40, | spectrographs
200
High—Resolution | UV/Vis and NIR 27 x3’ 200-2200 | 60 filters, | high precision
Imager (HRI) imaging low res astrometry
grism mode
UV-MOS Far-UV imager, 2" x2° | 90-700 500 < R< | Microshutter
multi—object 60,000 array:4x420x840
spectrograph
UV-IFS/HRS UV Integral Field IFS: IFS: IFS: High Resolution
SR 32732 | 94-174 | 23000 | Spectrograph
“ HRS: R=120,000 | mode
100-180
POLLUX Far-UV Point 100-400 = Circular + linear
spectropolarimeter | source 120,000 polarization

70oz b CEBTS
F—%
Data to be obtained

OHRI: UVIS®=—VF : 04 ¥HE 7 v LigET —% (8k x 8k CMOS R—=HER 6
fil)o NIR model: 4k x 4k HgCdTe #iti#® 2 x 3 7 v 4, ELT <R % 200-
800 nm DWEMHEBD + 7 v v v P 3 HD D DIRSFEEES ) XL AT |} L,
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8.

® Coronagraph: FNREFEO o DFHa v + 7 2 M EEBHIRE (IWA: 0.5-3.5 2
/D #E 450-1700nm)o ¥ 7z I T R=140. EHRMNETE R=40-200 DE
BEOHET A, NAF T I2TF v —%FHEKT D,

O UV-MOS: =S5 N5 & 4x420x840 DFEIEES V47 — %+ Microshutter i X 3 HE
90-700nm < R=500-60,000 DFENFHEA L7 bLy =Y a b0 Ly- a i 4V
* v BRSSO 5 DOHIBIC S 2 F DR % 2 ZHOMBO 5 — <4 &,

® UV-IFS/HRS: FUV-IFS € 2w»<Tid 120mm A, F+ ¥ 12 » F 15um ® MCP
% 22w, 18®»7% 9 8000 x 8000 EIFEHLDOT— 2% HUF L 3.27 x 3.2 D
BIC o WT 3 ERE 0.047 (0.027/pix) 2D\ BEZ#EE R-5000 O 7 — 2 2 Hif53 %,
chC X KR L O OYHEEHEISR A &% SEMOREE TR, 22O HES %
b2 cT %, FUV S (94-174nm) & NUV fEBCREEE 500 BA 2RSSR %
w2, NUV oftfRicow i - BINONiEE L itz Eo w5, HRS AR
i L FUV <k 100-180n my NUV & 170-340nm BE 0 EHFC 5w CiEE
Srf#EE R-120,000 D227 b %252,

o POLLUX:100-400nm (A t L vy F=—i& 90-400nm) DE2f#FRE (R=120,000)
RABIEA 7 Fove ERREE + FRE E BELCOBHlT— F 288, chickh, £H
HARLKE R ML EPBRE N, ERABOHCRENERE L2850,
ERYE RRAEmE (ISM 2 IGM) ~offx %7 4 — F Ny 7 JEEERFAR (AGN)
PHDT 4 — KNy 7 F T, FHEREEOS) A VA 7 0% BT LB TE 5,

FERINER

Key technologies

1. TERNERLARD BDELEKTTER / Key technologies and those
requiring further investment and development

may b 7R MEEEMCE. ard s T TG, RIS, FERH. K 4 iR
BE, WOPDEEAIVF—3 VY FAEENSE. HWO D b HiHy i Rk 72 g
HERE KBELERE ) OHERRIZE % EHEIHIS 2 7c 0 IC BB RN i L E oM< H
5 (BEDav 72 E 10" 2w 77 7GR, THELAXEY 3 —auwtr 77
(APLO) A1 7 v 7 2aaT v 77 7 (VO SHEFERET R 544 € — 2~ (PIAA).
YA T RFEa—ranFr s 77 (SPON M7V vy FYa—anidsr77 (HLO),.
NfH~=Rz7anF 777, XV v rand 7 7%8E, W OO HEP R TR
nTwz, ENTH. 1RTEIFRFINFIF7,. 74 b=y IR E6RMETRY,
KEBEE (photonic nulling chip) % &R EToTw5, —RTERRFIOF
7B LUREBRKGZ,. E<FHlLwa vt Ak, HifiFEiE<c TRL % LJ 5%
Erd b,

UV-MOS. UV-IES ic 5} 2 EEAFEMWEED 1 2. 120mm x 120mm DK
HIMCP #HigicdH 2, T—SBMCP (B7) 2D k5 AKREY A ZICT 2T &DF]
REMEZ RO DBER D 5, Ty x D CMOS HAH LENMZICHT 2 2oicid. HE
DT —RN—FEHT 74 X—F L — 1+ & CMOS & v ¥ —%fz e KB MCP #Hig%z
BT 2 ERDH 5, UV-IFSHA A=V 2T 44—, v —7 4 v Z R BEFH
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7: 773 )LE MCP

9.

CTERZERCE 3 HALTH 22, FRTOEFEMNGOEMEA—TFT 1 7 LIS
DU MBEERABLECTH D, cNLOHEIMICD Tk LAPYUTA coRFEZE»TC
LINTE B,

Funnel-MCP Standard MCP
OAR 90 % i OAR 60 %

2. iR EE M O K EL T ESR / Assessment of uncertainties in
technologies

WFENREa e 277 71 IWA~1 2 /D TERDOAAY Pz (B2 10% 2 20%)
ETc10" o — X —DIEEICEH Y F 72 P ERERTZLERD D, T EERYIc
W, RHEEERD 2, ¥/, auF 77 73EKA 7 A v 37 —BEREOICE
BEE I, BROINVEFHEZ FROEER LI O Y v 2 —lcu X MicEE S Ao hiE
BRbRRE, T IER ICHEECRIEEERD 5,

ko> MCP o X#EE D HFER 80mm FTT. BRI 120mm % THOREUL
FHR TR ABIL A DNAEEHCE 2 RIARTED 225, REEMWERD 5,

3. BIER i ;EAS Y / Assessment of heritages

2uF2777 :Roman 2w 77 7%#E (CGD FEE. HWO 2w > 27770
HEFECH 5. Roman/CGI i id, KRECRE I W7 HLC & SPC o 2 o a v
77 7 PEBI N FEL D b ZEIICEEcH b, EipZEcikdcic 107-10"
F— X —DHOTE IV F TR EERLT%, HEDI I 2 =7 113 Roman/CGI
DORFEICEADb->TEL, CoORBICEIE, anF 77 7o~ 7 HBEHKE., RCHEL
¥R RAETOBRFE. ZofhotFaoftiea L. BRI HWO 02w 77 745
WCHBAC & 2 FIREHED D 56

BN (Tapered MCP) EIHT#6F. 802 —7 4 v 7k, v 7o
WSO-UV 2 v v a v 0N NBORRLVSZHEOAYVT—VEFHTE
%, 7z LAPYUTA & R %1T 95,

BEINDIXE
Cost estimate

WA $11B (FY2020) (HAEBS : 255-405 &)
Z W JWSTo % ED = 2 1+ : NIRISS (~ $165M. #1 F %) . NIRSpec (~ €170M.
ESA)
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10.

By 7— Lk
RFIRRN L FFFHE
Technical heritages,
technology
development status
and plan

1. AU TF—J LEMTRAFEIKR / Technology heritage, development history
and status

(LUVOIR TRL, USA) (2019)
Coronagraph TRL=3-4
Deformable mirror TRL=4-5
Wavefront Sensing TRL=3-6
UV/VIS Low-noise Detector TRL=3-4
NIR Low-noise Detector TRL=4-5
Ultra-stable segmented telescope technology TRL=3-5
Ultraviolet instrumentation technology TRL=3-6
(Key technology in Japan) (2023)
One-dimensional coronagraph (no fiber) : TRL =4
One-dimensional coronagraph (with fiber for broadband) : TRL =2
Densified pupil spectrograph: TRL = 4
Funnel MCP TRL= 4-5
UV coating TRL=4
MCP coupled with CMOS TRL=4
UV Grating TRL=4
Photonic-crystal coronagraphic masks: TRL =3
Shaped pupils for enhancing coronagraphic performance: ~ TRL=3
Optical module towards multi-wavelength dark holes: TRL=3
HRAL -

- Hi B2 b o EIFEEMN (TMT) &Y =4 42X - Y xy 7EHEEHE (JWST)

- kAboavF 7 7EFE L Roman/CGI

-YTA—E AR —F, RE—AYy b, OXEHELBEL CHBI N UV K
LI T —a—7 4 v 7 Hif.

- BNTA MRy bTOavwF s 7 7vR s Ei. T2 /SCEXAO I & % on-sky ¥
XUT A MRy b ELTO~R 7, FEHERNOEL,

2. #filifFETE / Technology development plans

07+ b=y /R 6 RMBTRI/BLIUVBEETIEREIM : A —22arvF 77 7CH
GJr@Eay b TR A=Y v IEBAE O D W OhDOFEBRET A bRy F2H
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Summary

High-z Gamma-Ray Bursts for Unravelling the
Dark Ages Mission

7TV =g —Z T F 7RI - PR ZE PR A A T
HiZ-GUNDAM

Project Category

1. Big projects having large impacts on GOPIRA, typically cost estimate over -1
Billion JPY CtARK#ICKE A Ee 52 5. & - fek 0% % & L REEHE DR
£, HEZE LT 10 @AM Lo

Abstract of science goals, objectives, and methods

Understanding the evolution of the universe, from the formation of the first
astronomical objects to its present state, is one of the ultimate goals in astronomy.
Elucidating the historical evolution of cosmic reionization and heavy-element
synthesis in the early universe stands as one of the most important themes. The
first objective of this project is to utilize Gamma-Ray Bursts (GRBs), the brightest
light sources in the early universe, as a background light to comprehend the
physical conditions of star formation and the surrounding environment during
that epoch.

Furthermore, there is a growing momentum towards achieving a comprehensive
understanding of the universe by integrating GRBs with new observational tools
such as gravitational waves and neutrinos. The second objective of this plan is
to strongly promote multi-messenger astronomy. By capturing electromagnetic
radiation from multi-messenger objects and understanding the diversity and
generality of the phenomena, we aim to elucidate the birth of extreme spacetime
around black holes and its subsequent evolution.

To achieve these scientific goals, rapid identification of the locations of high
redshift objects, gravitational wave sources, and neutrino sources with high
precision is necessary through visible and near-infrared observations, initiated by
the detection of sudden phenomena using X-rays. This project will be equipped
with two mission instruments: a wide-field X-ray imaging detector designed to
detect GRBs with unprecedented sensitivity, and a near-infrared telescope with
a 30cm aperture capable of conducting simultaneous five-color photometric
observations. While the phenomenon is still bright (within approximately 1.5

hours) , spectroscopic observations will be conducted using a larger telescope.

PART II: High-z Gamma-Ray Bursts for Unravelling the Dark Ages Mission 86



7RI/ OBEREHFEBN - AIZDOEE

FHEYDO KA, LBEDLICES ¥ COFHMME2BFET 5 ¢ &k, KX¥ICEs
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Principle Investigator
Name: Daisuke Yonetoku
Affliction: Kanazawa University

E-mail address: yonetoku@astro.s.kanazawa-u.ac.jp

7Yz MRE
R« RUEKEH
PITE = BRORH:

E-mail 7 F v Z : yonetoku@astro.s.kanazawa-u.ac.jp

Co-investigator and his/her role
Akihiro Doi (ISAS/JAXA) : Team Leader
Hideo Matsuhara (ISAS/JAXA) : Team sub Leader
Kohji Tsumura (Tokyo City University) : PI of Near Infrared Telescope
Takanori Sakamoto (Aoyama Gakuin University) : PI of Wide Field X-ray Monitor
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Estimate of total cost / #aX FD RiEY
18 billion JPY / 180 &M

Estimate of total FTE (Full-Time Equivalent) necessary to accomplish the
project

#7600 (including staffs, students, technical engineers)

7aYz 7 bRRICHDELIE FTE (AF) 0REY
#9600 (=2 v 7, 4, EiiEEZET)

Duration of the project / 7R~ x4 FETEHARM
FY2026 — FY2034

1.
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Science goals of the
project

2.
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Science goals of the
project
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2. RETZ700z/ b avE T MIEERSBFICRICZD=HZ5ET5DD / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area
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project
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EERIEE).

Ryoa—IL
Schedule

2 HiZ-GUNDAM ¥ 2 % — R 1
Ja—Ib

1. KED LRI ¥2—)V / Rough schedule

M2icTFmy =27 PBFHETIRT Y 2 — V%R T,

2026 FFE : 7Y Y 2 s MEHTF — L ofEE) ., BERE. SHRE

2027 FFE 1 I vy a VEREHE

2028 - 7Y FmY 27 Mb, BEREE v AT LERER

2029 JAXA Fu v = 7 PBAT. BRMERGH =Y =T Y v S E T L ORISR
2031 € 1 774 =7 A08ERG

2034 FFE 4 Fvavy Sary Mk 2EETH B, BHHIBIG. BEEECROAIH
2%7$§I/i%w@iy937%ﬁ%7(H%@%ﬁﬁm%ﬁ%)

" - T wn - T ELT) T “sem T [T - T san — -
IEEDECECDEMARRENEOEDD NEEDE0ED AT 2[ 3[a[ 5] 6] 7] o] o[l ‘o] 7] 8] STwo[ui]12| 3] 2] 3] AL S| 6] 7] ] S solualsz] 1] 2] 3] AL 5] 6] 2] 8] Sl alsz| 3] 2] 3| o] 5[ e 7}

3 RFP 37 ASDR 1 LPOR Sar ACDR PQR/PSR 11514
v v b

; 334 s 6 7 e sdeiiin nesen 33 e s ) 8 sueu i s sl 12
s T T wRMIRI 7T T

7 JIMT
VI3 PFM3I&RL
RRIT-X 2o
$A7ASDR SAFLPOR ) PQR/PSR T5.LIf|
v v v v
B N
293 -/ AMBRFEFARE 07y MY *

HICOMAR
R B
#ICOMMRBSNE
#IRTHEREFIX
“ RIS QI EMRTHNRL L
AR NS R
#ICD FIX

1334123 4567801334567 80U ML 12 s e
WRIATA sant [TTEITOMN 27 AWMt

NSTIA Lﬂm_
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6.

2. ARERT V21—V DORZERR~DZE / Schedule impact on science

HiZ-GUNDAM ¢t FH—o = v+ 7+ %> THESEUS BE1EH T % % cix. #
FHERI Kb A v, THESEUS #E X ESA M7 KREINTED ., BEINLY
EOEBIRAIE 2037 FLIETH 2,

2028 £ FEARBIIERR LIGO/Virgo/KAGRA 227 %94 v &R c# S 5 5HE T
Hbo =a2—1tY JBEREE IceCube d AP+ —7 v 77— b b3 FET. 2030
FERPEEIC HIZ-GUNDAM 2 EH T3t TeAF A v v Vv —Bllicz 4 1) —
CHBATE 2 X5 1KCh b,

7nvzy bCERTS

4k
&iE

Instrumentation of
the project

1. EMET2EER - 8 - 9l &2 RN T35l / Description of the technology
to realize the investigations

Micro Pore Optics (Lobster Eye Optics) %M\ 7 K5 Xi#€ =% — (EAGLE)
C X BZERRKDOFER &\ MEALRBEER O RINMFEEFHE (MONSTER) 1cXk3 5
v R EREDEER % B b 7 BB Z1T 5,

2. EWETIEER - A . MR EEERRTIHE - KICOWT, hoEf, LU
LR HT £ D L8 / Comparisons of the selected technology with other
technologies

R D X EFREOER R HEbt~=2 2 2w RO NTE ko TOH
KB ZMICER X 2 RElN Ny 272777y FORERRLZ T 5T & o bEHIK
FECEBRAD S %o HiZ-GUNDAM € RN TEGf % i\ 72 Micro Pore Optics &
MHEN B XBMERIEFER L. o pnCCD TGt % iiE T 2 €2 AT 5
c e, 30N BERE* WET 5 C LIRS A Do

GRB oFFH R D HIE i T HIEFRMNERIC D 72 2 EE O EEH LB
TOBEPDHD, 7A4NVE—FA =LA EZHAT1Y FIO8EIZITS C L pn—fikiyT
H 2575, GRBOBEILEIHEARHELE %15 C &2 bREIEDEAEYcH 5, HiZ-
GUNDAM Tl X4 2704 v 2 37 —Calih&imRMEE DEIL e ko, ¥ 2% —
7Y R L EFEN D HFERTE A CERNEE 4 DOEEHCHEIL, 1 Do riHEkE
HCBIIT 2 HiE2HRAT %, chic X WAk e b4 T 5 20 EE cRIFHCERIF
5 C L TRAREE. 6 <z < 14 OFPFCHIEVREL B b ZNEDVDESD 14 <z < 20
» GRB it L TR\ FHREDOHERXTE A DD MRHOTEATH 5 AMREHE 2 1 2
=T A NEETE 5,

3. RERKEBEDEELEEE / Major functions of the proposed instrument
EAGLE cHiw» % Micro Pore Optics (3 X #RA2 [ +58 | IckE &R 2 HEZ2H S
ZOEDEEEZ KDL L CREDTRZFEET 5. fBHEIEFRTH DD, #1007
My 27 779 v FOFERZ T BHITZ 5. B XMM-Newton # 2
* SRGEHETHEMAEINZ pnCCD ZHWT, RviHiiti L#EL2FEHT 2 (R3E),
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3:IyvavlBROABRBLIUE
AR

7.

MONSTER GO 30cm A 7+ v FFEREFHAT 2 € &, #EBEEEEZS
DTndo WE2S5 4 m ¥ COEBEABIHZERT 270, H - ERkA L% 200K
DFcHmHls 2, e kb, ERNEFER Tl A& 3 ~4m oHh FEESE & [FfE
BEoBHRE*EHTE2L5Chb, T/ 7AZ—T VXL %EAT 5 C L CH—H
HEER 4Ny P, 1ooEnmgtacililct 2 X51cns (BR34A).

Lobster Eye
Optics

F 4% $300 mm

[iftems  [Parameters  WMlitems | Parameters |
0.5-4 keV 30cm

> 1.0 str (6 units) 12 arcmin x 12 arcmin

le-10 (erg/cm2/s) 10 minutes (2 minutes x 5 frames)

For 100 sec exposure Observation 5 2 o
POl 3 aremin B i 0.5-09 09-13 13-17 17-21 2125
Angular accuracy ~ 60 arcsec Limiting mag (AB) 213 20.9 20.7 20.6 20.7

7OYzs b CEETS
74

Data to be obtained

HiZ-GUNDAM #E cBi§3 2 7 — 2 2L FIcR T,
[FRE X #fe=%— (EAGLE 44 v 2x7—%)
(1-1) BRREFR T — %
< A VAR — FCEBREDOFARL] - FEHHEZFREL, HELELEHICHNS
cRPET -2 LTHUR L, 7 — X ETICH 2
(1-2) ®E=2—F—X%
- RRfEICh 7 - CEE T 2 Kik% Hi HEFcR AT 2
1) EHFNEESE (MONSTER 44 v 25— %)
(2-1) ERREEBHEIT — %
- AV AR— N CHPEER 21T, Z8T 3 R ESIe KR L FRET 5
(2-2) E=2—7—2%
« EHRRIKEARFICBUS A BE AR 7 — &
(2) 77— b7 —2 (ERREFERFCERED O EARHICEREINDE T — %)
B-1) X#77—b7—4%
- ERRROFEER (R P OBHIE ~BHRT 2
(3-2) IEFNRET 7 —+ 7 — %
« A VA= FNEEA L RARELHEIE L. KEIEESHIC X 2,88 l~>%F 5

BHlomNE (1-1) - (3-1) ~BELBLEE~ (2-1)(3-2) ~REEEFEBH & 25
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8.

(1-2) & (2-2) REIRWIZT—2CTH Y, WREAHPHCHIST %o

EFERMER

Key technologies

0.

1. TERMERLARHP B ELETER / Key technologies and those
requiring further investment and development

EEINER

* Micro Pore Optics GE#3RF TR <\ 7 L A fLE)
BHZE 3L B A BT SR

CTAR=TY XL

2, BTN EEEOKELIFMTESE / Assessment of uncertainties in
technologies

Micro Pore Optics D7 v Afbi@~A4 7 v 7 7 F 22— 2 % i\ 7 BB D 2
TYAT LEDREERTE D C L FAFERFATH 5o AR & BRALICHZ 25 5 AlHeEd
DD D7D, KA Y 2 —VEEPEEL A %,

TAR =T Y XLFEARORIEE CHED NIRRT -2 HEEHIEE <3
D7 Y ZLBFIAE NI BB 2. ERETAZEEL, RALT 2L TY X7
ZEhEES 5,

3. BiIERiiio;ERASH / Assessment of heritages

EAZZ BITF 0P 27 bohib N/ N R OBHER 2 i 2~ 2 DBl % B
BL., 774 FE#E BARERD D 2 BRI % ke L <ERT 2. Bty =
7 LECRICHIGTE Ry Bl ST Y0 714 - GREEDOLEBELE - fErAkE
Er L) LTl 20D DOHFAFE 2 3kEE LT %,

Iy v a VERBRIC O W, RN EEESE e 7 v b FEE CIBER2 02 v &
7 MCEL . BHREIN D il s S E v,

BEINDIAXE
Cost estimate

Tuy s bETERE (2026 EELE) B0 5 N TLEE CHEERBIHIRELR 0K - 1
Bl LTS B ERCBET 280 CH D BUT 0 X 5 1cky 180 M & B -
T3 (FHBEMEFNICET 2 E="ERBRC X 5WRALH) o JAXA OARFFEYNUEE
DRRBEPRCTEIET %,

CBETS 0B X CBIEER ¢ 33.52 &M (2029 ~ 2030 45)

cBEANRY 2T LR E S L CREHBREM ¢ 73.64 (8M (2026 ~ 2030 4R
© 3y v a VIRERBRREE B X CRREEREM : 41.25 (M (2026 ~ 2030 %)
(ILHRE X RS © 21.29 @, ERMREEST © 19.96 (8F)
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- WEEMES X UBEEM : 2.91 (B (2028 ~ 2033 )
- % oftFEEE  1.77 {8H
- ThE#E - 21.77 &M

10.

BTN Y T7— L1
RFIKR L RAFETE
Technical heritages,
technology
development status
and plan

B6: 7 R2—T Y XL DK FKEE

1. FfiAUT—J LETRAFEIKR / Technology heritage, development history
and status
(LR XBRE=4— EAGLE O #{FikiR]

EAGLE & f#hn T8 % F\» 7 Micro Pore Optics & FFHEIL 5 XFRFEEIEFR &
ZofERHEIC pnCCD wE&EHHREEEST 2 REeHAT 5, BEREIiE LTr-Fhd
WEEE A TH 5o

2022 FEEICZHERREE A — 7 L OISR EERB L. v 27 LRS- E % /F
ML TE7%o 5. XEFENEFEROT 74 v A v VABOMR 2 EHW & L kR
= P EBAFE L MEREEHI % 1T o 7o ECEEBEM L S VICHEET 2 BEWERD 528
MEICHEEABERIE AL E X 5, FRHFEFFREA BBM ORI - #MEEEFETH 5 729,
BHBER 2R L LTI TRL3 ~4 L A& %,

GEFRNREEST MONSTER D #({#IKiR]

MONSTER &P 30cm T 2.5 # m #COERBIAIKE % 2K 3 % 7z ® 1 200K
UTOBHIEEFE L T 5, 15 LFEEDD 2 us v b 5EE CIBER-2 CHRAL 2. &
B2 IC L CHEIETR c R FRE 2 MR 2 3G 2 D AT w2, BB HIC,
TAR—=TY XL EFENDRESENRFRTFEEAL, FAEE 4 DOERICHE
T 5,

AL & BbE TS5 DOKER CRRHCEIIT 2 € &L ThRARBE % 6 < z < 14 O
CTHIEFREE b0 ZNED BEFD 14 <2 <20 ® GRB e LTty FAHREOHIE
FTERVDOD, MO TESTHEAFEMEZ I I 2 =7 4 ~EBETE 5,

CNECICEBREEA -7 L OMERHAEZERLCETHD, Ny v THEIcEESE
DERIAE (<200 K) 3 X CHHSBEREE (<120 K) #FEHc ey I
L—v 3 VOB L CT& ko ZOFEBMEIL 2026 £ A b BBM CEBMEZ MERT 5 25,
FrcREE A BHRE R v BBM OFYE - BRELRFECH 5720, Bl 2K e LTl
TRL3 ~4 £ % %,

Yy AB—TVX L
#i& 23.2mm
M#  11.6mm

ErmE
FFR

4949935~
2xvY 0.51°
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R4:70Yz) MeETORMBAR
FHE

11.

2. $1iiBZEEHE / Technology development plans

MONSTER o#TH L7 % coBFEIHZ X 4 IR T,

FHBRER L 227 X2 —7 Y X0 BBM @FRECH 0 #Hli% Elighcd %,
2026 FEICE T —~ A NFEROER & FEMHETTS 200 BBM 2 #E L, Hil
CBITET 74 v Ay SRRICET BHEGRERMZERL. TRLZ&ED 5, M Lo
BBM J&E&hE A — 7 L BRI E TR O F—LABERKE Ao TEHET 2 FET
5,

Boml BEWN2__ @emnd [ TRBGT  BAEGY eI TZRUE R S S 5 2 DR ARE

nnnnn

BhURE

702z DY RIER

Risk Management
Plan of the Project

12.

HiZ-GUNDAM & 2026 EEc X v L 7 a v (BHERE) BE® 2T 3 FE
TH DD, x OEBEIMLEICS 2 5 HEPKE v, HiIZ-GUNDAM & 2030 4
RAEDT S LT 2 B L AFTHETH 25, A7 V2 —CGHE L FEBEL 2L A
WG, EBRAZEDLE 5 C L THIBT 2, EREMWABREG ey =27 b & LTEIN
o THESEUS 2328 1F b 5 25, 2 OEHEHI©H % 2037 F L0 b 4o c B HiZ-
GUNDAM % ZEH$hid, FEEWERIRDbILA v,

ERIERC KA AL 2 EORMOBEICLY) 7ry 27 2RSS 2 %2184
WIRIASFEE L 75 & 1k ARETAA T2 THESEUS §HES L ke hd bigEgEX
N AlREMED & 2 F0ETE & HF 3 5 ¢ & CEEEmMZ R LT <,

RAXHFAI2=FT4D
R REIE IC R D kAR
Strategy for the
Sustainability

of Astronomical
community

HiZ-GUNDAM 2 c#Z#k+ 2 2 MEOBHIEE C 5w, RMELESHE D PL.
JRHEEF X #iE = % — @ Co-1 d 40 REEOEFMAETH Y v = THRBFIC L2V +—
FOTT, RIBMLEDOD LG TEHHEICEHE L T35, BREFHIICIETrY 27 boirh
RITERE D b RFBRA - FEBESEC S L, R & O SEEICTTb L TWw %,

HiZ-GUNDAM &\ X ##8Hl & vl - r RN REIE 2 124 3 22 3 2 =7 4 23
RIENCEET 20D COEIECH 5 C &b DEHEEEciitEdS 2577 —2 Lt A
27550 ZRENMERBYECE, DHEZBLEEOIES R85, 1DDa I 2=
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T A CRERCTERWFEHRFE T v Y 27 FOILRCENT, RERERSIRPIRGCE
5o ThvE O EEESGIEFRE L FFERRZ BT CELPMIRE D SEL CH 0 | FHK:
BEERERAFEOEE BILL > T b 30 ROBEFIFRE LKW E L EHL & 2 55
Fkdl 2 & A BfE & OIFERFTZ IR AN D % & SRR D 5 il & 7% -
TWwd,
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“JASMINE?”: Japan Astrometry/photometry
Satellite Mission for INfrared Exploration
TRNBROLER ST | BcE Rl £ JASMINE
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B=

Summary

“JASMINE": Japan Astrometry/photometry
Satellite Mission for INfrared Exploration
RN B R SCELHI / HIEEIE 2 JASMINE

Project Category

1. Big projects having large impacts on GOPIRA, typically cost estimate over ~1
Billion JPY CeHRFEICK & 2B e 52 5. #EE - B 0T & U REETHE O
%, BZ e LT 10 {EMLL Eo#ED)

Abstract of science goals, objectives, and methods

The Science goals of JASMINE are to explore the formation and evolution of the
Milky Way galaxy, and to search for Earth-like exoplanets in habitable zones. To
achieve these, we set two Science objectives: SO1: “Exploration of the Galactic
Center Structure” - measuring the distance and motion of stars to investigate the
structure of the Galactic Center that holds clues to the formation of the Galaxy,
and SO2: “Search for Earth-like Exoplanets™ — searching Earth-like exoplanets

in habitable zones where atmospheric observations are possible for future life
exploration. For these objectives, we will develop a wide-field, high-stability near-
infrared space telescope for imaging observations, conduct astrometric observations
of the Galactic Center region, and explore exoplanets around mid-M-type stars.

As output products, we will create and release the following two types of data: an
astrometric data catalog including the proper motion and parallax of stars observed
in the direction of the Galactic Center region, and a time-series photometry data
set of mid-M-type stars. Then, we will facilitate JASMINE's science investigations
by collaborating with corresponding research communities, to achieve the Science

goals and objectives for JASMINE.

Z7ACz/ OBERLHFEN - FIEOEER

JASMINE o Science goals @ [#x 2ELRDJINFRF O & ELDERFEL & b 1C,
AR AT BERIIC AR T D MR IC I 7 RN E O BFERE1T5 ] C L TH D, ZDEH
D7 HIC Science objectives & LTy SO1 = [RAR DG O ERIE] HE O B L
BEEZHET S Lick Y, MAREROHEEE 2 SRR OEERRET L &,
SO2 : [HERALRNRE 0#EE] FERoEmEECHERERECH L, EanEa T REGHE
CHEL, RRBIHIZITS C L OTE ZA[REHER D 2 KRB AN REDBEH L2 HRET 5 C
BT L L Lo ZOFEL LT, JREE - ELE R IERIMEFHEZEFT 2L
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e X 2 GBI T, SRR LU O M ER S & . M BLEF Y oRH
KEREZIT5. 2L TT Y Ty b e LT, MERARAPOEBO HHICE W THEIL
T NE R O REKE LN EEE ORRGIT — 4 5 LB X W B HEOFEEARE, EHES L
o e PIEEROMER LT — 2 A kv | & THE M BLE o JIEERIIC X 2 RERF1E
T — &) BAERLABT 20 20k, BEa I 2 =7 1 LEEEL CRITITZE 2 (RS 5
T & T, Science goals & objectives DEH X%,

Principle Investigator
Name: Ryouhei Kano
Affliction: NINS/National Astronomical Observatory of Japan

E-mail address: ryouhei.kano@nao.ac.jp

7oz MikE
K4 BB R
PiE « BRI FERERE - ESLRA

E-mail 7 F v 2 : ryouhei.kano@nao.ac.jp

Co-investigator and his/her role
See attached sheet No.1.

7aYz MRREE LZDRE
BlIHE 1 2

Estimate of total cost

The budget for the competitive M-class mission in ISAS/JAXA
HaAXtOREY

JAXA FHif « KRRV EOTH

Estimate of total FTE(Full-Time Equivalent) necessary to accomplish the
project
About 200 person-years (including concept study, development, operation,

and cataloging, but not including science investigations)

702z bRRICHELIE FTE (AF) 0REY
#9200 N4F (Rdt - RS - 8 - 1 2 v 2 VECE o REERRAIEZ &)

Duration of the project

FY2025(current) ~ FY2039(for the launch in 2032)
7Bz /7 FERELARM

2025 (BfE) ~ 2039 FFE (2032 F4T L2 7€)
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1.

7AYz/DEE

Science goals of the
project

2.

Bx PELROJNBF O & #ILDOERIE L & b c, EMEERREEBICIFET % HERC
L7 RNREORFEZTT S o

7oz FoORIEBEN
Science goals of the
project

% 1: JASMINE @ Science goals &
Science objectives (2 v+ 3> BiZ)

& 20 SRFAR DA RIMRALE R XX
BAFHES LR

AKHED Science goals % EHT % 72D ICEK T~ & Science objectives Z# 1 ICRT, &
7 B 3 5 SRR D O UE AR AR E R SCBREIFTE S5 o el 2 K 2 10737

Science goals Science objectives (3viar HiE)
FHANMELERAZRD | SOL: BRI R DZRIBEDIER]
F R EHEE DIETT BEEDEMIEFZATETIEIZLY., SBARTERADOEEZE
SIRAIRFIDIBEEIEFRT 5,
B TTREMEEIC | SO2: [MIkE RN REDIEE]
FET AR | FROEGIZFBRICHEELEEZICHL., £EdBE ATaEEEIZTE
RNBREDIER FEL. RREBZITOEDTEDAREEA HDHHIRE! R4 5%
EDREWEEIEET S,
s Eoun ], .. = e wE | mE
m] | [(Ff] = = [pas/yr] | [pas]
JASMINE | 036 | 0.53 | 1.06 |09-1.6um| 030 | 2.5 | 125 4082)' 40(25)
VVV
(Witaca) | 41| 034 | 015 | Ks 09 | 300 | 14 | 370 | 1000
GNS 82 | 0106 | 02 H | 0016 | 025 | 21 | ~500
GNS+HST 016 | 16 | 500
JWST | 65 | 0031 | 007 | F210M | 0003 | 031 | 20 | 150
Roman | 2.4 | 0.105 | 0.152 | Fl46 | 0281 | 028 | 23-24 (1;215) GE1)
ULTIMATE | 82 ~03 | WK | 00s4| 60 | ~18 | 300
PRIME | 18 | 05 | 142 H 156 | 176

7E 1: Terry et al., (2023)0) minimal ETEIDEZE T (ZDERREIZTDODVTIEAXSER),
SELEK BERELH
FHEREDH TRIFREEZEEL TLVELD T, optimal TOEFEIZR LT,

[E5% 3 Tl optimal

STEDRELH DA, BERETIIREDRK

AT ER B % 3 % Gaia TREBFRHPOEEEICIZT 7 A TE R NDT,
JASMINE € & % SO1 & Gaia (€ THEIICERFIR O & EILOBRE #0 5 < L 23
T& %, ¥7%. PRIMESZEHE CITS "L VHHBcoO~ A 7 v L v JHRFEE R, %
DEIEY & LT JASMINE CTEEAMENRTH 2 I FRERENSZHEEINL C &
BRI . ABRE AEE R Y 5. Roman Si@E & b [EIRFC SRR Ol 35 % Bl
THRER L LGB S NS, Ak, Roman EiEgicid v 7 v Eimsg HST
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3.

TOFEFEEZEC L THERIEIEE (minimal ) 2EELTw23 X 5 TH 52,
HST <388 % [#E X & CEREADRIET — 2 % & 5 & & OFRFREI % BR{E L < #ERK
L7RBERD T, ~4 7 aL v BEEAEHND Roman BEHF CEKTE 2 AICIHEERH
BHY . ZOWHAEMIEDO R b dEENEELE X T b,

SO2 c2owT, #ik (4%) ok 5 JASMINE ©tid MBE, FricH#i M B
DOBEEEZITS. 7 vy FRNREHEERE TESS 2R M EEH Y » TOI-700
For, i FEEESGHRE TRAPPIST 2388 M BLEE b © TRAPPIST-1 %% AL CTw
%523, JASMINE @ili# oo REEFR (HEI ML) 2Hi%ETE 5, SO2 DD
goal D7 DI FREFRABKD 7 r v —T v TR PEECTH ), BHIZERIAL 72 JWST
REBRTEINT S ESA ORNREDLEE Ariel &L 0EEENEELEL T, T
HARK. M ELE OSFRHEHE S a2 33 2 BB O RNE S ED V8% IRD <.
F7 7 ) hCEEZFOREDOSHE SAND 2L, 7+u—7 v THEHELZTTZ 5 A
Uy bdH 5B,

7Rz FORIER
ERLBEDORHL
Rationale for the
scientific goals and
objectives

1. BN ERORK : AROER. HZXIFOMRIRA. F / Scientific
background, status of the relevant scientific area, etc.

21 R ORFRFEZ TR BAEFHCWE D00 ? | © [Hx ZFHTIEA D ? |
&\ o e iRIB R IcE D fHA T B,

HAIPEE - REA L. SHRAREROTUEERE OB L. FHOK Y b OBFICEE
TH D, FHC. Fx BETHER2D 2 KOJIERF (LIF. $BFR) 3. RESCEMOPIZE
IR EEFE D 5 C L CE ME—DIACcH Y | SRFAROBK & EILOERIE
F [Hx BAREFHICAZ0H0? ] LnSEEMIcE 2 2 ECERBIIRFCTE 3,

%7y 1995 FLRE, KBBRNBRER K% L FR I, KD ETERELEOEMCE
HAEBREPFET 2T P> TE ko ZOHTERL OMIREFREHIA D O & T 2EHD
—DlE\ MWEDFLETDH 5, . OF VIRIKDOKPBREREICHEET 57cdICid, HE
PMEE D b#EY) R R [HEaREGREHEE (~e ATy —v) | ZARBIL CTw» 2 BE
DB DD, EanfEAAIREEBICHE S 2 BRI RN REOBRER, FHIck
O BEMOTREE IR T 27D DEBEAAT v 7 TH Y| [BHx ZFHTIHAD D ?
VS BERIICK L TE X 2o 0EBEAMEBENT L A D,

2. RET37A0z/ b ave 7 MILESFICRICEL-5Z5¢T20D / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area
JASMINE ic £ 27 7 k7 by E#RMR (0.9 ~ 1.6pm) CTOREEH (cf. 6F) 1
L5 UTFoZon7—2hsunr7chHh), ZoEREARBAT Y M7y FEEE AL (L
4 %) :
(1) SRR HODEEE O HANC B\ CEUEI L 7 52 o KEKH L o BB 0% 5]
7= 2O EHIN B EEOFEHEE. EAES & v o WHIBROMBER LT — X
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4.

il = /S

(2) HA M BLE o EPELBLEIC X 2 RERFIEDET — X
ThboT Y b7y +BECIT S Science objectives (B3 2 EITIFFERT ¥ + 4 (H
) LLTWwEA, chidFay s bF—n A v "=tk BESHORHA
Wi%EsE = 3 2 =7 4 OMAPEW LBERAIREL O TH L, vy =7 b e LTRS
JASMINE Consortium »¥/E< [JASMINE FEFRPEMFESEZE | O b EF A E (cf.
12%) kb, BiRE2I2=27 41 DRERL, TV b A LHEZERL L5 L&
Twnb,

. RETI7OCz/have 7 0iEREBE, RE, KROMEOTOSIM
% - &L DOE%R / The competing power of the proposed project concept
and its relationship to past, current, and future other investigations and
projects.

PEERCEEI & LTk, AL BBl Z 1T 5 Gaia f L CERFRAPOHEEICT 7 2 R
TE2BAD Y HFENABERCD 5, T FOMHEEO I SEEREZEITL CEE
FET% % L #ifFE 5 PRIME $EsEaTH & F @2 Mo Twnl (cf. 1 E),

—Hs MBIERBORINREFE L L3, X2 7 v Yy VN EEEHARE
TESS &£ 0 3 RAFECEFRNGFERIO e DEERER D 0 | H Eo RAFREZEFICH LT
Fy— AV PERRAEE L EfEEBIATE S L w5 BMERS 2 (cf. 4F),

7RV MDEETS
5

Scientific
investigations of the
project

JASMINE %333 % W72 [ Science objectives R (C HE 7 HERE % il 72 38 7 —
AORIG L EDT —2h Zu SERE AR THY. chk JASMINEDTY + 7w +H
e LT3, objective DTV + 7y FEEELHIET 2 I vy a VEREE 3 ICRT,

SRR DG RN 1 IR & 5 e, FE~ 200pc (BREE 1.4 EHY) - &~
40pc (8R#% 0.3 FEHHY) L ZEXONZHOET 4 27 & ZOEBEICAD 5 HLDZEM
BErLARDLLEZLNTED, SOl DEBICHLET 1 227 (b EHYy) &
Z DRI % SUEBE BT 5. HEHAICO T, PGS LY L, N—HE
ECHBEE T X0 C& 5 X 5i1Ic, FEREZEOKE 40uas T2 ER e Lo O
EICHEND 25uas DIFE# T/ A 747 ZAD0BEL LTnb, T EFEEHX. +
ODIET 4 A 7 ORIEF A O 538 20km/s 2 2E ., HOBMEMES L ARECXblT
%% X5, Skm/s CHIET % 125uasly #BRE Lco A, I 7BLRER, Zhn
HDIT 4 221 B T L ZRatHICTERES 5 C LT DT 4 27 OTYRIR % f#FH
T25%E, SOl ILE > TOHEERMENRTH 5,
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% 3: JASMINE 077 + 7y FEZE
IyvarvEXR

SOl:
ERLE
b iEE
DER

EHETEME(FTIONTIFERE):

o RAIRFLBBEOAEICEVWTHAL-EENXKE EDOLE
EEHORBRRIT—ANCEHINIEEDFERE. EBHEEEEL
S=-YEEREMBRXT —4H4205 ELTHERL., 2352,

BT —AERENDEREBIE (SYaVER):

® MR-I:RE1 BB bIZDULNT, -1.4°<1<0.7°DD -0.6°<b < 0.6°D
BABEHEEESORDNIEAOPLZBEREARICKHLT, BEEOERE
RELEFEHNZEHTA-OICIEEDKEE L TOARE DR
EEFRIETHIE,

o MR-I:EABEHNOIZUELEZSTPURBEICHILERAFE
N3 2400 ALLDEEIZHLT. EEDFRARELFEE 40pas KL
TTHRIETSHIE, TD5H, -0.3°<b < 0.3°DFEIFE TIE. 1200 ELL
LSBT -0.3°<b<0.3°MD -0.7°<1<0.7°DFBELTIE 600 ELLLE
EHBIE,

® MR-IL: FBIFEBEROF LB EIZHLHERAFEND 45000 ELLE
DEEIZHLTOSL. SSHERZICHLTIE. 220 UL EED
EBEFHEFRE 125pas/y LT TRIE TS &, TDI5, -0.3°<b<
0.3°MFEF TIE. 22500 fALLE, EBIT -0.3°<b < 0.3°HMD -0.7°<1<
0.7°MDFEIH TIE 15000 AL L&A BTE,

S02:
Hh Bk E
RNEE
DHFRE

KT 2B (T IR TIRELE):

o hEiM BEDRNEANEITL. BRIANET—IZAFT I,

BT —AEREANDERBIE (SYaVER):

® MR-IV:MR-II & MR-III Zi&t=9 ERBIREAZEFML T, bSO
ENRHEIN TS 17T EULODEAM Z 212U, RO REAR
N 145 BUET, BN 03%UTOEREERE TEHRRIIAIE
BAZETIIE,

SO2 & LT, EMFEECER I RERTOBEENFIREADE. T vy MEERE
BRECORBECESN S 2, BURCRAE X Ty — v NOHERRIEE O B HRERITE

WWclEx iz

7Yy MER SO2 OME—DfETH D, P T Yy FTEHEDRER

Bt (b2 v vy by rFn) FEELRARELHEDOERFELO TR CREZA, K
AR (~ FGKEE) CREOLERHRD TN o, JASMINE dEEEED/NE
w MBEZBISRICT 50 R MEE D Y ICk L TRAKARBOLES/ NE v DD,
B2 \v7c®d 10cm B8 TESS »@HlfgEcH v | FEBRic TOI-700 22 FAL T3,
—75 B M BLE BEOLER S RE W ©, HPEHERE R K2R O& 2 RS 23 AF]
7 b EEic TRAPPIST-1 RAFERA I Twb, £ <, JASMINE <&, &
REpOHAMEEZ 2 =7 v 32 (R2)

S.

Rya—v 1. XEHH R4 2—v / Rough schedule
Schedule 20247 A Iy v avEREAE (MDR)
2026 FE ANVA-DEY A4
2027 FE~ HEITHESBHE
2032 FFREE X FTH k1 (X FHEARGELER 2024/12/24 X )
3 PR 44 (7 I VIEER~ 1 2 30)
hzw 7fER 3EREE GERR TR, KRS FER)
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1 SRIAIRAPOZFERICH D H 0
EABES LR LRETAZRID
AR,

B2 : JASMINE RAXEREDE
HrE2RLEMCEE2ESTE L
ICREd. MOEBIENERXT LY —
VERY,

6.

2. FARR TV 21— IVORZERRA~DEE / Schedule impact on science

FNEKEREE I JASMINE 25 R L - thERBAN K E % | fho KEIE R IC <K
ERJOBEADHBMEZITS C & T, FEERRE RNREWR L L TRARBRCERT
&%, 207k, BUCEMFT D JWST 4% TE S LT3 Ariel 2°8Rf# L <w 2 Ric,
BRAERREPAIETE 2 X 5. 2030 FRATFEOBHLERAEE L v,

RERCEM <&, JASMINE 2 HRP o RN ER CEHIELETH D, 2045 £
Dk e & & 15 ESA o AR ER SCBIHIE 2 GaiaNIR 0EH £ <, M—E_of
FRRRE B Do e Ly BIEICH W% Gaia 77— # & ORFEZEILR TORREMR OB 1L,
GaiaNIR ~OHE kA D H2 b b BIIEHAE T L,

Stellar mass
(log)

O
o

0.1Msun

POET 4 R

A

th sk y
A
;{ FASreN A R R LA

@ s .

B

A

"

00 o
oo
Yot

o Toay e A BosokE
X d\glmuﬁlet = o

o

o0
Solar system
TESS

® ® e+ TOI-700

ground + JASMINE #ﬁ
Spitzer

o o o0 00 o Trappist-|

: o agte) oo A
00 et ol 0TSy S
S Arches i TEEXBH s 2y

0.01 AU 0.1AU 1AU

Distance from a star (log)

7avzs b CERTS
KE
Instrumentation of
the project

1. EHET2EER - 8 - 9k &2 RN T35l / Description of the technology

to realize the investigations

JEARET - L DL RN T H EESIC X 5 step stare Bl & G 7T —2 D7 F %

V) 7r—vavic ks, EREEOMERSCBINENM. 3 X5, [ UERNRTEHEEHEIC
Ui

3. INREBEED 0 OEKE

kT vy MR
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% 4: JASMINE 02 L8Rl E O
e

7.

2. EfET2ER . 8l - oMBEEERRTIHE - BifficOWT, o, XU
AL & D LLE / Comparisons of the selected technology with other
technologies

MERSEE L U<, JASMINE 23BEETTH O & L CHE— D FRNFRALE R E
HIFEETH 5o % 7\ Gaia 23\ % Time Delay Integration HHic & 3 2 F v Y BHI(R
F v vIcHEB L < CCD #% %175 BlHll) ks c& 2 AN ERERAHEGELCH
b3 SHEHRE CBIRITEE L 77N —F 5 step stare HRBHE—DETH 5, —H T B
BF =20 bMNBERI T A — 22BN 2F R, Gaia COFEr—HEHRAT 5L
PARTH Y| HEL BRER LT ED TV D,

INBEBEEL L TR 4B XS ICr 7 v ¥y MERHE—DBIHITETH D,
BRI S  fh D BIHIZERE & M. —EZORE w2 5,

3. REEBOEELHHEE / Major functions of the proposed instrument

#wE ITEa4s vk | JAXA Epsilon S
#iE AEREHE@SE ~570 km
Ao )s | 2 22 Gbits/day by X-band
ZEBER | AFER aLSaRFESR
AHOE 36 cm @
£ iR 437m
HREF 0.55° % 0.55°
RERE Strehl ratio > 0.9 @K & 1.25 um
BHEER | BHE InGaAs /\1{J1JyF CMOS toH— x 4FF
EE 10 pm EwF(~0.5 FAMED), 1952 x 1952 BEFR/FF
HAIRE 0.9~1.6 um
SiesERE 12.5 s (TBD)

7a¥z/ b TCEBTS
F—%
Data to be obtained

UBERNXEHANT—% :
12.5s (TBD) BoHw&T — 2 b MROLE (1 #2450 ~ 12000 fE) oFEEH9 x

11 ERZ ) HL 2HigRE v M 2BHCHIST 5, c by DTFORT v FicTHEig

BHREFDOENTF v Y T =2 a v EfTo TNERNAT A =22, #zurelL

Ta=a=7 4 T 2. KEWREEDHOMTRD /20, ZEEERS TGS 2.

Stepl: 9 x 11 EFRDEED b effective PSFiic X V. BERMEZERY A XD 1/100
? 4000pas FREOIEE CHI T 5,

Step2: FRHCREDH R W EREL T BV EVEA D &S REORET — X020
HRESZHE L BEN2BHEREC L 2 2B HET 5,

Step3: B (WK = 2BUHIH) < BoB & ZHM (e.g FALE L EHES) <
H25EMELT, ZHEIN ORET— 4 %2fi-oT7 v X ui##%% 1/ N T
T, ERINNEE (40pas or 125pasly) CTRERINT A —2 25T 5,

RARERET—X ¢

12.5s (TBD) \BowET — 222 b MEREK L SHKE (1 #FR&K4 0 ~3F 10E) o
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B 60 x 60 E3% (TBD) ZtIh L ZE&E v + 2BHTHIST 2, C Th bk
FIET — 2 VB L 2 = 2 =7 1 It F 2, k. FHZWREKD 35 b awCciifllc
555, FEMAAEE F) 7 P AR L/RETEC L HRETLTW B,

8.

FERMER 1. TERNERLHARP VELIMTER / Key technologies and those
Key technologies requiring further investment and development
EEAHMWEEEL LTUTO 5 208381Fbh b,

&R O TRNFRIRIR

R CHEREMOL MREFA KT ORR L . CEBEX ¢ % 2 » ORISR
MBBETH 5, & DICBHEEILD L DREEROGHIPBE T, COmEZIRE) A L D
VAT LTERT L ENRRAERE TL IR WDICBETDH 5,

°
b

O L #FH D FHI DB -

Rtz fi b, 2 #HHNT—E L 2 AEROBREFEORFERBLBETH L, Th
ZHEBEHOL I LG5 C L THIRD LB ZER T 5, 2 EEF DI
FHEZFH R EIL X ¢ 5 T & b RIRMABHICKETDH 5,

O LR ENE N EHIE
RO E DBEPE R EFREEEICIT 2 2 SRR 2 EHT 2 6% % e, BHACT LAV S
ICEEEFEA~DOEELZIMNZ 5 C & BRBRETH 5,

OE{RTE A DFHIE :

— B OB GEERESZHIET 50 T D 7c D ICIZRFAER I F AR o [ {528 2
BHEEI R D C EHPBET, KBBRREE FOME* A% ERfliEs s c e
TEHT 2, £/ REDT —ZhLEHBEELOFMIEERTV, ZEDETANT A—2X
ZHETE T B 7c O DTN A BETD 5o

OFHl I 2L —vav;:
JASMINE oz BEIREKCE T 2 BARN R IFERAANTH 0 . 2 DBWOEE %
FEXE2CECHD, TDDIC, "—F T 2 THEFEZERC LB —2Dv I 2
L— g VATFRETH D 2 DFERE TR 0B X T Ef o IETEM: % #EE 3
5C LHREETH D,

DIECRLABEL, e N2 ERHT 2 0o0HEMe 20ER L OBEBREZR 3 IWRL o
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B 3 : JASMINE 0 £1ifHIsRE (&

DEF) L BEERD -5 DA (5 LTI J

RIEM) . ZLTZDEZ (FOMA)

ERT, e ]
BRE TN [ #FT5— |

B EL/ R T TE Rl

B, |

IRRISOEA MiriEeR - s ZEEmE |
BELE ]

SR - B e
witg IR |

M- BE
178 5 Fei iHsHHDAQ |

BiE > — 5452 |

AR

> Ju—aay]

2. HMNFEE R DK ELEKMTER / Assessment of uncertainties in

technologies

O (RTE L DHHIE :
(rER B2k D 2 20 () MIEFEE R 40pas © iR YA XD~ 1/10000 &
MO T/NE o ZERGENE LT Bl X 5 RBYZIRFM O & HERE 0L E(L
#4575, vwbw¥ws STOP (Structure, Thermal, Optical Performance) 473 fv
T\ BB REESH COBERIC X 2 HERES T ERBMIT L TED 5. 75 LJRITON
BERMREDOBRICId Hidi 22 R R E C M STOP T oRiEE 7 V2 HRAEL 72 5 %
T BEE 7 AT CYERERRALE 3 5 A A 2 TSI 5 BEA D Do

3. BIER il 0;ERSH / Assessment of heritages

JASMINE BAlZE T EHEER L BREHR R0 A DY Yy TAEBRTH D, ZNEN
DIFo & 5 e BiEEfi G L <Rz #D %,

FOROEHEROFEHREEHE L L <. ENLRXE L FHEME Fo [vo<) "t
=S (N% 50cm) OBFEMEZIEA L. HEFXEEFE M AL -CLFHBRED
ABETHONREEZED TR D, Ty BESRICEAL TH, [T DOFEFLZ DORHE
< 5 E CAREVNEEHE O SOLAR-C oFERE ZLF L o2ED T %,

— g, ETR G A 2019 FRE c i EEEESEICBITE L 72 InGaAs Fr AR
&t v — (1280 x 1280 EHR) #HEHL TS, 1952 x 1952 HHRED KT +—~ v b
b & st B X 2FHERLE. 2021 FEOFEHEFOFEMOT7r vy e —F 4
v TR, 2024 FEICEEEERIGEAR O EM M4BT S N, T oHEffiz ~—
2y JASMINE FE#RE (7'a—o~uy vy 22— "EOERE) DBMTHInT %,
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0.

HBEINZIX
Cost estimate

10.

JAXA FHRIEMZEH O AFREVNIGHE & L COTFHCEMT 5, ARFHHEINZERO 2016
AW JAXA o0 FHEEREZH 150 (#H $FTH LS ERREL2 &) L LR
AHEEDTE P, HESDA v 7 LOHR R EDERL 7o Lo FREcOEHR
HFRIhTwnd,

BfiAY 7— Lk
RN EFEFEE
Technical heritages,
technology
development status
and plan

11.

1. HfiAUTF—J LEMTRAFEIRR / Technology heritage, development history
and status

B4 3 1ICFEHR L 2 BRI D W CHEORFAFE R &« BIRR 2 1IR3 Z o&mkic b IBRD
L7e 5 RN R & U CRBEARMIC/NEIRIE AN 2 & Z ORI 2 3 2, 272 L
BT — 2 EE DO O ICGEIT 3 X NV FlfERICDOWTE, [dh2% T e k] [’
PRE 2| OEHFEELOEHYEEL TV, T Ny T Y —CDOnTH [PE &
BHAOBHAEEL T, Ak, BRETR2TTRL 2 3 TH 525, ZDFMICO N
TRBRE X E T VAL E A,

2. #fitifFEHE / Technology development plans
BIAE 2 IR L 72BRFRELIC SDR % coMIinFEZ LT %0

702z DY RIER

Risk Management
Plan of the Project

12.

JASMINE &. BIHIZEERRYE & B2 AN ZBRFE L b ICENTHIET 2 FETH Y, 7—
ZFRTICONT Y | T TFEORE & L CEERGEERTON TV 5 23, EE OB ZEN
TIT5C e e LTohh, BN L OEIEDENL &iC X > CEECHTE T 2 &I A o

RXFEAZ2=T14D
e A e M (CRB 4 B HERE
Strategy for the
Sustainability

of Astronomical
community

JASMINE ofl2EHE##ZR L flHI N7 -4 % L) 2L off¥EF L > TR
ndoLF 570 JASMINE Consortium (JO) #FRE &4, 2019 FH O Kick-off
Meeting % Z L & L T4 JC Meeting ZFifE L <. JASMINE 20k 25414 =
VALDWTHHERL TS (2022 FEHARLFAMFBEROMRE Ly a v L LT
FEhti)o Z DR E LTy JASMINE i€ X - CTHIfFC & 2RIZMRE (T b)) %%
& B 7c White Paper % ERL L FiiEFSIC TS LT\ 5 (Kawata et al. 2024, PAS]).
% 7c JASMINE D ALE R SCBIHI T — & % F v 7 R % H D REIIC B b 2 BEEBFFR A
T EfEptREoHEL EEW L L<. ELLRXE T [JASMINE EFEFRFEPIFEEE |
ZILH BT FRIRL 2 BRE O CRENER 1 Z0RBHARES 2 & T 5 C & T,
LT OFE L BEFMRE DO AMBRIC D F 53 %, ¥ENE PRIME #i#$tic X % 3
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% 7c JASMINE BE6RE (I X 2 Br@ K% - W 7ERBE C 0 B F 1 E) I X 2 EFH7EE OB
FRCWFES % L 7B RINES JASMINE B33 2 [AH0ES) b BBt - Tw %,

11 BEiciR 7z b . JASMINE < HAREN CHFEKT 2 8 2 T\ 2 25, BIFERR %
WAL T % 7 D I ZEB B SRR TH 5, FHC, MERTEHIEE OENTIC TR
EEE DD Gaia E DT — XN T — L0 SRARHDY A = v 2 % HHRIICES [
LfRELEFET LI —0 vy ROMEE I 2 =7 4 b\ JASMINE K& &
BfFrxd s, R A ESA & o ikl s JiEx < mibicmid 2mi#Ed 7o
Twnb,

% ¥, JASMINE <17 5 EEE 2 M ERSCEEI O 7c © 1 HE 7 S 2758 7 i@ 85 o BT
<lxy STOP & ic CHLE HIRE S COBERIC X 2R L E&FIT L. o
HERRAE T D RFEHBRO A TR L E N VERELZHBE L =T A 2B L TfTo C &
ZEZTnb, CD5H STOPRITRREEDEC xH, BEHFSELH T 5 KUl
EBEoMEL L E 2 TH 0 JAXA FEHTZ O L L R CBHIEERE 7 — LM<
BEX LT A CEMLCTH Y, JASMINE CoEFEZ EEEG & LA TE
nEEE2Z T35,

¥ 7oy ENLRCE CTOEBRRBEOWSR TH 5 it v 2 — (ATC) ik, EMR
XEHRHUD L 7o THED T 24 EEESEFHFEZ T CldA < ARDASX—ZARKILEA~D
HEED BN L&, BF - HE - B - EROKHE T JASMINE 8HI%EE 58 C 5k
WhZnTwnd, 5% 516 % EE L CHERETZED 5 C &< JASMINE coBf3
FEfEr Tuv 2 b F-LbRNcL ED BT LR, ATC KB} 5 R = ZARKILEOH
FEiEE L TR TE L LS50 L7c BTN D,

AR EFRREERROY 2 b
cf. JASMINE White Paper (Kawata et al., 2024, PAS]) #t#&#%

BT BT /Ryouhei Kano (NAQ]) : RRE, H

BIHISEER D #  Science Payload lead
&k %i— [Hirokazu Kataza (ISAS/JAXA) : 7V ey =7 MERiF—2oE

Team lead for Pre-Project candidate
#BH ¥ /Naoteru Goda (NAQJ) : J A = v RELY ## Science lead
HH KA /Daisuke Kawata (UCL, NAOJ) : RIERKXH A = X Astrometry
Pl IEE /Shogo Nishiyama (Miyagi U. of Education) :

fIERZY A = 2 Astrometry
#IE Al /Hajime Kawahara (ISAS/JAXA) : BZHZEEH 4 =~ 2 Exo-Planets

fR#8 A /Kohei Hattori (NAQJ) : ¥4 = v 2E# Science Collaboration
B M /Naoki Isobe (ISAS/JAXA) : EiE#E  International Collaboration
#=it& %€ /Aoi Takahashi (ISAS/JAXA) : EEFTY 7 v 27 LT Telescope

fiH R /Takehiko Wada (NAOJ) : HEY 7' 2 7 LBA%E Detector
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K#E 52 /Ryou Ohsawa (NAQJ) : 7 — Zf##T Data Analysis

FI3¥ 3 /Fumihiko Usui (ISAS/JAXA) : =4 * ¥ } Management

TR I3 /Tona Kondo (ISAS/JAXA) : & - #1 E5% Operation & Ground System
IHH  Ri# /Yoshiyuki Yamada (Kyoto U.) : 7 — Zf##T Data Analysis

JASMINE B#3&#3 Study for JASMINE:

&M /Hiroshi Tomida, 5# % /Kasumi Yogata, & )I1#F /Kohei Miyakawa, £ M
KEE /Shotaro Tada, %A#E /Yui Kasagi, BEE{#1E /Shigo Kashima (ISAS/JAXA) ; -HBE
& [Akitoshi Ueda, F#EH /Shin Utsunomiya, KiJ51% /Yoshinori Suematsu, sEA$HH] /
Takuji Tsujimoto, [E#E—HE /Ichiro Mase, MiFHFIA /Kazuhisa Mitsuda, =#f & /Makoto
Miyoshi, % % KF /Taihei Yano, Pau Ramos, #fi)I$5& /Ko Hosokawa (NAOJ) ; /M5B
7 /Takayuki Kotani (ABC) ; #HE A /Kento Masuda (Osaka U.) ; L#& 5 /Takashi
Kamizuka, /NEEHAI /Takanori Kodama (U. Tokyo) ; iz E3CE /Bungo lkenoue, i#H
52%8 /Fumihiro Uraguchi, K#EZ /Yoshiyuki Obuchi, B IE{#H /Masanobu Ozaki, /Mi
1 /Naoki Kohara, #&7KFi# /Risa Shimizu, #8&#% % /Toshihiro Tsuzuki, AT HE /
Chihiro Tokoku, *F#&~ /Masayuki Hirabayashi (NAOJ)

7 — 2 - YA v 2D #ET Study for JASMINE data analysis, science etc. :

it A [ 34 /Masahiro Tsujimoto (ISAS/JAXA) ; 5t i# % 17 /Hideyuki Izumiura, K IE
T /Masami Ouchi, K& X /Takafumi Ootsubo, ¥ B 52 /Teruyuki Hirano, & & A
% T /Kumiko Morihana (NAOJ) ; K & IE 4: /Masashi Omiya, & & & 17 /Masayuki
Kuzuhara (ABC) ; 37 JIl % 2 /Takayuki Tatekawa (U. Shiga Prefecture) ; & & IE & /
Masataka Aizawa (RIKEN) ; #& # B8 2 /Akihiko Fukui, & F /Michiko Fujii (U.
Tokyo) ; #HZ# /Hideki Asada (Hirosaki U.) ; H# E /Ko Arimatsu, JII & HI& /Yui
Kawashima (Kyoto U.) ; JIIH1E K /Norita Kawanaka (Tokyo Metropolitan U.) ; #&JII
1 /Ataru Tanikawa (Fukui Pref. U.) ; TZE#ER] /Masashi Chiba (Tohoku U.) ; Fi 3%
— /Ryoichi Nishi (Niigata U.) ; #3782 /Noruyuki Matsunaga (U. Tokyo) ; #AffiF /
Kohei Hayashi (National Institute of Technology, Sendai College) , i#)IIEZKER /Seitaro
Urakawa (Japan Spaceguard Association) ; ##i&Z /Naoki Koshimoto (NASA/GSFC,
U. Maryland) ; ###&E K /Yuta Notsu (U. Colorado Boulder) ; FRX&E i /Kenji Bekki
(U. Western Australia) ; Michael Biermann, Wolfgang Loffler, Konstantin Riabinin (U.
Heidelberg) ; Carme Jordi, Xavier Luri, Josep Manel Carrasco (U. Barcelona) ; Bryan
N. Dorland, Nathan J. Secrest (USNO) ; Jason Sanders, Ralph Schonrich, Vincent Van
Eylen (UCL) ; Floor van Leeuwen, Nicholas A. Walton (U. Cambridge) ; Victor P.
Debattista (U. Central Lancashire); Justin I. Read (U. Surrey); Stephen E. Levine (MIT);
Steven R. Majewski (U. Virginia) ; Trent Newswander (Utah State U.) ; Alex R. Pettitt
(California State U.); R. Michael Rich (UCLA) ; Celine Boehm (U. Sydney) ; Alister W.
Graham (Swinburne U. of Technology) ; David Hobbs (Lund U.) ; Sergei A. Klioner,
Enrico Gerlach (Technische Universitit Dresden) ; Orewin Gerhard (MPID) ; Andrea
Miglio (U. Bologna) ; Michael Perryman (U. College Dublin) ; Timo Prusti (ESA/
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ESTEC) ; Anja Feldmeier-Krause (U. Vienna) , Anthony Brown (Leiden U.) , Brian
Thorsbro (Observatoire de la Cote d'Azur) , Francisco Nogueras-Lara, Rainer Schoedel
(Instituto de Astrofisica de Andalucia-CSIC) , Karl Fiteni, Mattia Sormani, Xingchen
Li (U. Insubria)

RIHE 2 JASMINE BRI DRMRRAELYRY

ERE BiTRRAEL)RY., £&UV SDR EFTOXNIGFE
LT aRkBR
RETELTIETH 2L DOMNTER LTINS,

hagmn |EERANT

MSRIIAEDEIETETNDS, CNEERRT 57200, ELORBNE - LELRFEORNEEEDP THS, SDRFE
TIZIXZO DRI ERZ S, BEATIEIEBOMEIDRTD1— )L RIHH, FEIFKTHSH. SDR ETHORETY
2OEBREL. BT 5.

IS

b BRI ED=DIZANSEEEHDEAMNRTET THSH. SDRETIZITE T FE., EAEADAIELYBEY AL SN
FIDFRE A RETHLLERRAEND,

KEITANA—ELTIE, ERBIUVEBHDOHMEICEALT. T<hZBEOR/E-HBRICERIILIZEO D, & 58AMTL
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TOEMEGRRTAIETHIERRAREEEZTHY., SDRETIZIIRHBEAREE TSI YURVBRET .
NRFEEE
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b 30 TOAHBENDLDHEBIYERIZIETTEIENHIBBLI=0. COAFBENDETERAASEEEERL THER
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InGaAa & Hi 28

HEBHEEELZ EM RS ORIEICHRYIL . RIBERELR BB ALLTIET TITHRAERELLANILICIEREL
TLV%, JASMINE 5B #EELL T A—/\L vy a— PRI RAEREDHEENESA TLSDO T, ZEILPEETHD

ﬁﬁ?ig*? 1. B RO IS BTG T2 3D THAEUR S 13/, SDRETIZZRH BBHREET T 5.

i Z7ANRNKRIENR
BENLBEOBEEN I 2AL—1a v KYRBEIA TS, REDOHKIEIA NS THEH . RRELAILTIE— AR
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L BV AT LEBELT —BIERTT5FHIC DL TIE SDRBFICHELR NBROEEERET 5.
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Summary

Life-environmentology, Astronomy, and PlanetarY
Ultraviolet Telescope Assembly(LAPYUTA)

RERE, EmBERE. B XUORLFHET

SN T H B R SE

Project Category

1. Big projects having large impacts on GOPIRA, typically cost estimate over -1
Billion JPY CEARKEICK & B h 52 5, B . [ OFA%E % & U RBEHE 01
%, BZ & L 10 {BHLL Eo#E)

Abstract of science goals, objectives, and methods

Ultraviolet spectroscopy is one of the most powerful tools to cover a wide range of
scientific fields, from planetary science to astronomy. Here, we propose a future
UV space telescope, LAPYUTA, selected as a candidate for JAXA's 6th M-class
mission in 2023. Launch is planned for the early 2030s. LAPYUTA will perform
spectroscopic and imaging observations in the far ultraviolet spectral range (110-
190 nm)with a large effective area (>300 cm®) and a high spatial resolution (0.1
arcsec). LAPYUTA's orbit is designed as an elliptical orbit with an apogee of about
2,000 km and a perigee of 1,000 km to avoid the influence of the geocorona
when observing oxygen and hydrogen atoms and the Earth's radiation belt.
LAPYUTA will accomplish the following four objectives, which are related to two
scientific goals: understanding (1) the habitable environment and (2) the origin
of structure and matter in the universe. Objective 1 focuses on the subsurface
ocean environments of Jupiter's icy moons and the atmospheric evolution of the
terrestrial planets. Objective 2 is to characterize the atmospheres and estimate
the surface environment of exoplanets around the habitable zone by detecting
their exospheric atmospheres. In cosmology and astronomy, Objective 3 will test
whether the structures of present-day galaxies contain ubiquitous Ly @ halos and
reveal the physical origins of Ly @ halos. Objective 4 elucidates the synthesis
process of heavy elements from observations of ultraviolet radiation from hot gas

immediately after neutron star mergers.

7Y/ rOBRLRFEN - HEOER
FH COLAEAFTREEE L G L WHEORFEOBEZ Hfs L. 4 REOERE H L 3
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5, SRR X\ REDKEE O THERE & MBI E O RTH#EILICERE 4T, K
EOIKEH & REOEFGEHZ WD TITv, HTHERROHRCORT 5, KELEET
ZRK D DFH AL S N D KPIEERNR T 2 OZHKBH A 6. RIBBRT 5 &M%
LT Ly RRHEILDOBIRIC O 1%, RB 2 Tl ANBREONBERIDIEL D 2
KEGRDFIRZHIR L CRERROBFE ST 21750 RNRERRICHE L5 2 5 HEWE
Bz HiET. B8 3 ZFHOMEEKLOF CRERINLHED—>TH 5 A0
EBGEECH 50 HFOREEIC Ly ¢ ~r =23 EBHICEENT V2085 paifl~, £
OYHEESER CTE SN T2 B Z 5 SR T RIEDO N REE L. e biF
SIRFECIF AL D HI 7 A » 2o 5, BB 4 TR WHEELICE T 2 RIFHEZR
ETHLELRAROMENE HIET . FHTFESKIC L 2ETRGROEEKELLEL
HLROERZHEES 5, BHERR»OORYIOY 7P A2 BHIL, KERE#{LORK
RERE S22 iIcoRF 5, bz FEHT 2T E LT, HERERHIE D HENR
FHEEF % JAXA FHPEVZER O AFAVNIGHEICIRZE L. 2023 FiC 6 SHiEfIc
BEINTVDS, 2024 B AT ) ey = 7 MEBITEELZZHFEL, 7Y Tnvx
7 MEfiF— 2 & L TR 2 ED TR 5,

Principle Investigator
Name: Fuminori Tsuchiya
Affliction: Tohoku University
E-mail address: tsuchiya.f@tohoku.ac.jp

7AYz/ MIKE
K4 RESR
P - ALK
E-mail 7 Fv 2 : tsuchiya.f@tohoku.ac.jp

Co-investigator and his/her role
700z MRREELZORE HAREELEDIRMNIKEDHHEESR)

Role / #5E Co-1 /#:[FfEE#H (Affiliation / FTlE)

Science-Objective 1 Bl 1 | Kimura, Tomoki/AF %48 (Tokyo Univ. of Sci./HITEEK), Tao, Chihiro/
H F5(NICT), Koga, Ryoichi/ i 5t —(Nagoya Univ./ % i EK),
Kimura, Jun/AAf #(Osaka Univ./ KPRK), Masunaga, Kei/4§K +
(ISAS/JAXA), Sakai, Shotaro/HR1E A (Tohoku Univ./H 4L K)

Science-Objective 2 I 2 | Tkoma, Masahiro/ 450K (NAO]J/E K H), Kameda, Shingo/ f&H
. Z (Rikkyo Univ./37#0K), Toriumi, Shin/EifF #&(ISAS/JAXA)

Science-Objective 3 FHFFNE 3 | Ouchi, Masami/KMNIEC (NAOJ/Univ. Tokyo / EISZKXE/ HHEK)

Science-Objective 4 Fl*#i# 4 | Tanaka, Masaomi/H " i (Tohoku Univ./HALK)

Telescope/Optics Murakami, Go/Ff E52(ISAS/JAXA)
YmE/ % | Masato Kagitani/$#43 % A (Tohoku Univ./H b K)

Satellite system > T L Yamazaki, Atsushi/[LIIF #(ISAS/JAXA)
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1.

Estimate of total cost / #2aX D RIEY
17,620,000,000 Japanese yen / 176.62 {&H

Estimate of total FTE (Full-Time Equivalent) necessary to accomplish the

project.
7RV M ERICBELRR FTE (AFE) 0REY
60

Duration of the project / 7R~ x4 FMETEHAR

2021FY - 2023FY Concept study | BE AT

2024FY - 2026FY Mission design & definition [ 7y =7 1 UGG
2027FY —2032FY Project design, fabrication, verification/ 7'mv’=2 M - Bi¥E
2033FY - 2035FY Initial & nominal operation [ Fuv=y N - EEEM
2036FY — 2044FY Post-mission operation | BHE FHEARE

7aS 1/ bDEE
Science goals of the
project

2.

FH CoLEMERFTREEIR OB & T S & WHE oo HfE

ZRAYzs roRFEER
Science goals of the
project

KFE BR RFE BRETLRTHE~N) T LERL &, FHORDGHEENZ V3T
RTH D, FHICH D SN T I8, FHOKXMEMSE, b, /A, HELHEKT 2
HA, BLUTRECHEDORROBRICEES 5, FHERICET 2 bR
REEZ RS C L iF BEAWER AT — A iC BT 2 FHOBERK & % O LofEiHE b
7ebd,

LAPYUTA G\ FHco MEmEFTREERE | & [HE L WEoRIFE oBfx BiEL
4O00FEXFENLE T 5,

BB 1 Clk. FHCORD FMABRINAIREARKBRAREKD 5 b, REDOKEL & #HER
RIRE O RTHELCHER % ST D, KELEDERH LB T 2 KEK & HEKRKOEGH
HIZHD T H FEOEMAEGFAREREOBRICORT 2, KE LR TIARKTE
2 O FEH AL S N B IKCIREINR A A DLEKS T & 2 DEF» b KKIPFH M~
T D54 EALIC L. RRUEL L EMAF AR OEBOBFICORIT 5, Thb
O EHREE LA S REOBRERH & O X RIFEERRARRIEE NS,

B2 Tl A NEHIC L > TRARED 7 v Uy FEEID OB RN
DY &Rz, NERX TN — VIEEORNBERTIORBEOT %2175, /. FNERED
BRI SR 5 2 2 [HEEHOMAY B 3. NBERIZ BT 2 BNGEEEIE. TEX
KB 2 08 - FROVBIGHE & B CH 5 FRRE 1 & 2 Ot & A& 2 BIHIER I KK
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3.

EFHOBEFICHR I NI NEARK - BEERRTH 5, Hhix ARIKICH LT oEEz#
BHIL . RRDIEA Y LR Z Gl 2 RECEEORELHLICT 5,

BE3 CAFHOBERREOFCE I NAEARKWARMED—>TH 2 RFl O KE
BICHR D s, RTMOBEICKE Ly a ~a —BEBHICEENTRE 0L 5 2% F~,
Ly a » v —oYBEESERTTFEIN T2 EBRET EECcFa—L FA Y —
LEFFENBIKIBD T ABEE R DS Zh e b EERFCIRAEL D HI 772 5% BH 5 2
3 3,

BE A cl. DEELCE T 2 RBIAFECH 2 BEURESROMAL Be 3, i+
EGRC L 2ETRAROLERGLTEL, BEXROERLHEEST 5 & &b, BHER
BrOLORYPDY 7 F L BHIL . KEREELORKEEEFET 2 LicoRT 2,

703z FORIER
BERLBEZEDRI
Rationale for the

scientific goals and
objectives

1. HZNERORK - HROER. UZAPHTOMARKR. F / Scientific
background, status of the relevant scientific area, etc.

5,000 L. EOKEGRNRELFR I, ZoFIc ZEMEFREERE 2 FEORENR
Ho LRI NTwE, REREORE L #EILZHOMCT 2 Lo, KBREEGEREA
FETH Y, EMEFREREOEE L WA TR FARELZEET 2 KEE Okt
RO T ICHI TR FFORIEK) PHIEREIRE O RKJEILPRERIFEOER L AoTnE, -
BOKBRET Y7 FATR, KH»OEE HIKOFERICK ) # FEOFESLE DL
RSB S 2 Ic 2 ) . REDOKEE T v o 2 = A F O T X R oL R &
BoTwnde TYRANDRETHEDD > Tl 5 KEHBIR G TG % IE & 3 2 A5
BB Do KEHDOFHL WHIFHERSE b i, HITTEOFEL/KE N % BRE)J 2 Hhjik
HEHOBMAE LN B A[EEER D 5. BURCEKEH oBHIE 161 (i EFRNGRER & |
Galileo BREW D 77 X~BllllZz &0 25 L 36l) c £ oTH Y, BHIKEOFRENLE
b, —7 KEEDOEBEOFHZEME, BEAADKIUATRAZEEFEL LT T X~<T
WreINTHY, T XvHKBEERBICRE T 2 L. EEWEILEMNT 5, HTHEEE
DORBYEEMOIFEZELLLFEEILE b L —2TExhiE, BEERP N cE, £+
2RI ONEBEYE O ZAHR OfEIA % 8 L <. NI O EMIFERREEZ flfcE %,

KE + @R OBEDRE CRIKKDIKPLEICHETE R\, »OCHEEAREE
B ULIEHBEE L 7 ATREEA R S T v 2,0 R RDNICERD—D & L CTFHE~OHH
DEEHINTE D, BED R]POKEIPRELNRA R %R & 3§ 2 Bt L <
w3, FIHEOZMEE L CREZILoERIEZ R C & TRKESCSEDOEE Ltkhkbh
TeIKCIRBRNR A A DBEICHIIE 52 5 C L PPFINE, INREARROR ST
EMTENRREOEEDD 5—2DE—XTH h | FRC X Ty —ViifEDRNE
ERZOMERSHOEEABEIEE L > T3 2, S CRHIEERNRE D KR
O OEE L T \ve T REROREE L, HOLENREICKITTHA nE L EHRIC
BhEL Tk, RENRECHEL 52 2HEGE D BEAPIEHRETDH 5,

FHICH T 2 EMEFREREOFROERICE, FHZO b 0o#lbe, FHOMHE
DEAEDRICE 2 BFRICO N TORKYRFRED 50 FH OSBRI ICHE 2 AR 74
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MO UL D2, HFOBERETH 5, FFicix. BRI % &t v 7V RFI DR
FIDIE A EENABEKRT 7 v 7 x—1%FO8RMcH 5 AGN £ QSO A &, £iE
ZRERIRFIDATERET 50 FHMAT — L CORFDHLRTWED 7 4 7 A v MG
W ABERPSHATH B 7 L XEHAY OB WIEREWE (A CDM) =7 ACHBZ R
5705, SRITIERICEED 2k % N ) F vilfRIE, FHEZE L TE L OFE & Sk
NTwn2, AR OERICDH 2 PELEFE LA L 2ICT 2 D ICREL T 5 EHE AN
HIEEMLZ #7185 C L IC X > T BEERIATIRIC X > TIREI LT W 28RO & >
) ADORAERAIREL B Do FHOWHEHELCETH ELROITRAK BRI A &
WA AMEREINT VS, Ev 7N ick I 5~ 7 LA EDBITLHEDSHEBRSL.
NV YL LBHECORDEBEATLRMEEF L TCOMMERIGTERE L2 @R X<
DHhoTnER, I VBENETLROBFERE T2ICH D> Thhn, BIERICHIIT 2
Ei A AR OEITHEOBHENC X b, HHETFEESEKICH S TREBEE AL 2D | F
HOMEEILOWHRICHEST 2 C L IFFE 1L 5,

2. RETZ7A2 /b AVETMIEZSTICRICZEL=HZ5LT5DD / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area
RERESBCREERC X 2 KBREMRESTONEI S L LTH Y, RX¥ETRE
ME RS CERERHORIMEBELD 20005, BERWABHBRECA>TwS, RER
FERFENFE L BECHED SFHRICAY 2205 0. KBRRIKOEE 2 b5 b5 5
BEIR & . ROUGBEID OB/ O3 C & IR E 15 RNREOFEHVBORMEIC L - T
R R0 O HEMGAETE R REERIB OB SIRE 5 C L 0 EIRFI 5, RIFREETH 2
SRAEEGETEC B W, RMREOEER L EZLONTwEDN, I—ALFR ) —L%
FU®E LAFHANREESE»r bOBERETH L L FHINTEY, 2—ALFX MY —
LEZNICHET 3 L E X bNBIKHE Ly a v — OBHRIIRREE ISR RGERR D A1
HRICER D, KDBTOREAANR Y=V ERDBIEDL 5. T HFHETEESHEKDOE
Hiic X 2 EITEEROKREL R WHY: - FEHYHAICE T 2 REORFEFARECTDH 5 FH
CET2ETLHOBFEOHMBCENR S,
KEGZRRERDBINCHE L 7e S ZZR D RBEO TFHEEF ZHFET 5 /v — 71, BEDHH
KOBHARDHZ LB o>Tnd, LAPYUTA SHEI Tl HRER~OENES iR 0B HRE
PR ORERIESE L BREORERER Y b ORNELSHOMEGIC L 2HETc X b, #HA
ich 2=—7 @R v ¥ a v &L kiF %,

. RETZ/OV/bave 7oA LiBE, RE. kRotto7a s
% - AL DOE% / The competing power of the proposed project concept
and its relationship to past, current, and future other investigations and
projects.

REFARDKELF 2030 EROEEHRE (Europa Clippers JUICE) OX&RTH b |
KE EETH 2030 FRICEBOFEEHLATFTEI LTS, LAPYUTA 2383 L <
5 AR 1 oRFEERN . BRC D RIER R ORI ATIRETH 5, £ 00 FHHERIZ 17
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5> KERE & EREEEE YT 2 LAPYUTA oiRGEHIOMAEDEC X b BIEK
ROBAAEABFREL 2D . ZOPCHEEF I v a v ORBEELT T LRTE S, flx
X LAPYUTA 2531+ 2 KEOHE = v v <0 /KEH BRI Europa Clipper #&#
DENS IR D EREE 5 A Europa Clipper 28 LAPYUTA X Y &\~ 22 [Mlf# 5 E <
BAIFREARR X 1B D7 74 N4 B0 10 KERECH Y, Rifflos=%2) v rT
X LAPYUTA o EF % &+ 5,

WA RNKEDFKAZ» X J5ME & L TESS, JASMINE, NGRST (Roman) ,
PLATO 2% b RIRFENEF 7 vy P HCE ) TERAKOBHEZ TS JWST,
ARIEL 2% %, LAPYUTA @8N EED 7 v 2y MEBI% 1T S Mi—oFtHE©. M
BARZHo H, C, O, C+ I X 2WRBHIZIT S o NERJGTEEMRA2, (REREER
TEHLEDR XUV S XY EERKBME S W, #HE CEEOE-ABERI
PR END. ZORR, EIHRER CORFWELR 1 282 2 HREHLEDOKE
SWCEWRBY 2Fb, b7 vy FREOHDEOENERICK & ARINAIARF S L5,

SR RTZE T SRITRSCEIC B W TR E K RIF T 2N ORE S L U tEH
# RIS O S L CRFERIICIT 5o LAPYUTA ' H Ly e & (120-130nm) <
ENERE L EESRRER A GALEX #E X 0 51 0 f5Evw2iioEae, HST & FH
FoREHRE 2 @ ENRcEB L, EARBHIcEhcx 3Bz ErL T, ThE
TEKTE R o 7T O EEEENGRE © EB T 5. HST GPUESE KL
HiERKFE = v FORCFIRKEC L >TH Ly o 0 EREFHBOBMAERL Thiw
2. LAPYUTA @ HST kv @vEiisimE e i) . H Ly e Bl 2 AlREICT 5, T
&Y Ly a ERROZER DM R T ZN O D EHIHEEZ IR D . Astro2020 CEZERED 1
2 (cosmic ecosystem) & L CHRIER T DT 25, SR & SR A E, SmEHE
DRERTI vy v =R L A5 TWw3 cold accretion ICREX N BERFA v 7 v —%
P2, NASA »#EDHTw 25 UVEX d#E2 139-190nm & 203-270nm @ 2 DDJKR
N N ClRBEET S 2, HRIESE 79§\ Ly o iR 2R 2 2 C 38 L < | off
band & LTS Ny FREEEMICKE TV 5720 Ly o RO KRR O HfEL
HEWCKRE ARKIRENLASLC LKA D, LAPYUTA (& 120-170nm ic 5- 6 N> F
D7 42 EHEL. Ly o #iROR & % @ off band BHlic X > < UVEX TlHEEL v
Ly e ~nv—otEtizEH T 2, UVEX 055t os RO R-1400 B2 & &<\ Ly
a R T v 7 7 A L OEBIPFFE-CBRE & X N B IEESERED THRE R~3000-5000 K&
X7 \ve LAPYUTA & R-6500 ZEK L\ Ly o 7 0 7 7 A L OBl Z FIREL 3%,

RIS RSO Ol $E & 7 2 B RIROFENRANICBIHIZ 1T 5 0 T EEIROBH
Tl B (GW) SHiEss & ol L 2 2 EBHI% 1T 5. 2030 F£RF1ECE GW
BOMBRERBERE EL, wLF A vt r Yy —BlloFERZERT 5, LAPYUTA
B EROEREESRN 2 H, PHEFESEROETREGK. FICREBEE 0N
JEWCH T % r-process TRAME AL CT o 7oy [REREFRRAIRR —~ 4 &L
TR O EINRBIIC X > <, BREFMOKREREEVERENH 2 ERILT 5,

Ny TAFEEEEE (HST) 0BREBCENRRESE 7 ~—3 2 GREEOFHE
#HEE 7 <« LAPYUTA 1 2030 FROZENFERM T 7 v b 7 — 22l FT7 v v v
NH %o LAPYUTA TR I W Z KRB - GRS HIBLIT—Da—T 4 v 7O
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4.

& RO RBIFHELEGEE T WHE & %o 2040 FRIC NASA 255HE L Tw %
Habitable Worlds Observatory (HWO) &+ 100 fEHE_EO#ERY 4 XD KEGRNEE
EERROBH%Z FREICT 20 LAPYUTA &\ fROBAELR v ¥ a v icBN3 2 2 #
nhEhsd,

7RV MDEETS
5

Scientific
investigations of the
project

REL L 2Tl RKOXE» GG I N TR LEEOPE (HER - B OHE
ERIC X DV EBIS T b n s mEAK (FICERFHR, KFR RFE) O - TIEBHET 2,

FRE1DSH, KEEOKEL L HERE~OEET 7 X~ 0MEHE, HH L 72K
KL EEOMRS TARKOMHERIER I C X VRT3, EREOHENEFLICHZ >
THEFEBEIL. b OHROYERHED b MEOF1A 20 2185 WERBECHHT
LEEA AREDA A v PHUKE TS NS T 7 X~ 0¥ b KEE~OWE
ik z b 5. &2 - KETR, ARAHAEC 2 BERK[ROLEHER (KEE. K
B, BEDOTREARTEIR) ORER T -1 % h - L e REIBH 2175, ch
b OEBICH T 2 EEARRDIGEDOWIEEBL T BIE & (X5 7% 2 KGR - KM &
TH o e BEDORUDOHEERATREL 74 5o

2 o, REEEROHDEEFBICRKE WD X TNy — Vi O MERTIE
BHEHL. BH. KL REERO 72y Mok %ETT5. TRAPPIST-1e 23HiER
Rk OB 2 B UKRRE /D LREL hE 7 MRS 5 b oo, XUV sz
ZRLINBRIDEE 2 b, BBEERO b7 >0y FREOBERREKR 70%RE & 7%
L HABTH B,

AR 3 CRIEFEIRF O Ly « Halo 0ZEREL 2 — AV F A MY — Lo Z AIREL &
IRIG L B ETT 50 Ly e~ v —OYBREEA 2 — L F X} Y — L0 0 AEE R
D BEFLIRFELO HI AAPICE 5Ty Ly e M7 m 7 7 A A3 R% 5 C
EHRFEEN TS, LAPYUTA &% f#HE R=6,500 T Ly o #i#% 50 o LLECRHIL .
TN KRR LY —LDHABECTTRERINLFERRANICHER M2 Ly o EFROBHIAE]
AEL BB RAHRTH B,

A CEAPET EAREROWIRE O 5 & Tk E ENRE RS CERT 5, P
HTFEAEROBEE R ¥ AREERKE b DD, 2030 ERICEH BT HEF2 300
Mpc DEEBEDE B A BRI CTE 2 L 51k s &, Fi 30 RFEE KA RAE NS,
LAPYUTA &\ 34EC9 » AR QRSB F + > ~— > Hic S RIFEE OBH 2 17\
T EERRNEDOTTHRAR & 2 DS RAES 2. @FERFE OB 2030
FRo UV EREEEF O TR’ 500 Mpc BEEE L 72 0 | IRIFIREHIF v > = —v
WM 3000 RikoRtis RadEh s . BHEBIEVI QKN EBIE (< 200nm)
RTECHIRRL L DIICIER S NGEBOW 2 Rk % 5 KIFREESHIC & i,
REBEORKRD 10 EFHOEHELRILT 27007 -2 2[5 LA TE S, £4.1
IC 4 DDFERERT 2 700 DHEREER &R T
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1

RoL U S yEanol TR | s | PEREEk o SikiE
BINR |1 | AEAKEEOKER S +— 1 B X5 7 7 A< T o6
fo. REO+— 1 7 - BB 7 7 X~ B o BN X 550 7 7

= DAL
KB, EEEREAKREE. EBHEE, SE) oGS X OCRHREE)
2 FIUYy FEENICX B3 e 2 T — v NOHIERFIER R o AL BIK A

BLUO 2TV — v NRORERBREOLERS
RILEE R O ERRUR
3 2<0.02 @ 168 il D §Rin]
(3 elliptical galaxies, 6 SO galaxies, 82 spiral galaxies, 4 barred-spiral
galaxies, 9 irregular galaxies, 64 QSOs/AGN)
Lya v —@FEEAHEFICNE 25bE LT, BRETEEL -
TR DIEEEAS 0.5-1.5 MG & 7 5 SefF <t
4 HE T 2 A 1AR<300 Mpe, HHTEBEF<500Mpc
FRSSEA 20 AB mag (575¢). 24.5 AB mag (Hf%) 1 #1124
R 1 HLya:121.6nm (H 121.567 nm & D 121.534 nm)
Hydrogen Lyman-Werner band : 120-160nm
OI 130.4nm, OI 135.6nm, SII 126.0nm, SIV 140.5nm, SIII 119.1nm
CI: 156.1nm, CII 133.5nm, Solar continuum(>160nm)
2 HILya 121.6 nm, OI 130.5 nm, CII 133.5 nm, NI 113.4 nm

3 HLya121.6 nm, Lya off-band, 150nm UV continuum
CIV 1548nm, Hell 164.0nm (option)
4 115-190 nm (broad Ly a emission line)
2 1 0.1 A1), 0.28A (&%)
53 fiRE 2 0.6 F i
3 s 18
4 < 15
WE 1 <0.01 nm (433%)
T ARE 2 3 pm (43%6)
3 0.02 nm (433%)
4 0.1 nm (43%)
ki 1 >70 B (5r) . 180 B (f%)
2 N.A.
3 >2 B (5ok). 180 Fhfy x 180 #0 £ (HRIR)
4 180 #£4 x 180 #fly (Hf5)
Ao |1 >350 cm?
2 >350 cm?
3 >300 cm?
4 300 cm?
S.
RyTa— 1. XEHH X472 2—Iv / Rough schedule
Schedule FEhEEHE I FHEOESRETAR. 7 r Y 2 7 M e Y 2 2 VAL R S,

HEERE (2024 422 A) AEESREIREFc® v\ 2023 K CIc AHFEV NG
BWCOEBMRET 2 LS 5. ZRIDMERE 0.1 BAORERZHE T 2 EEFH > X7
LOBEEEEN 21T 5 & & b, EESTOFE - RALHBR ORI EHEOBRES F —BifiF%
D, FFEI X POREETS, TeY s MEFHM TR, I vy a vEioEE
K=t v b ORMEME BT L FE T\ famEEL IR RE & S O BAE 5 % 3l 5
5o HZENAROE 7 —0fEr 7 VA BRHEERIC X 2 SEE - @0 fFREo RER
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5.1.1: LAPYUTA % - EH
RyPa—Iv

6.

MOBMERIT W, F—HINOMILZHED 5, v v b & OREMEMHR, BEANRERE v
avEOWNADaR VRE LKAV 2 — A2 EHT 5, Frv s MK, W)
WAt T L, EEGEAROEERROT Yy =T ) v e (EM) 0BG & Al
BReEiET 5, F—Hifiz G A —HCBES 5. EM OFHliatBRE R % 2 ic /A& akat
ZRELS 774 b ETAREET 50 1D _LOREEER O YIILE AL RS D
® 3FEMO T vy =7 MEHBIEIC 4 DORPYEERE L EH T 2B E TS5 . £ OREH
HBEOBEWP RN T2 5ER. &E I FRORIEMBMZ KT 25,

Phase Team Activi FY |FY |FY |FY [FY |FY [FY [FY |FY |FY FY |FY [FY |FY |FY |[FY
bl 2021 {2022 (2023 |2024 [2025 |2026 |2027 | 2028 |2029 | 2030 |2031 [2032 | 2033 |2034 (2035 |2036
Pre-phase Ala WG Concept study
WG . | MDR
Pre-phase Alb| | Acceleration process v
Pre-phase A2 Pt’?vp.wjbc‘t Mission definition SRR
candidate study ?
h - _ . SDR
ase Al Pre-project Concept design
Pre-project . L. FDR
2 1
Phase A2 industary Planning definition v
CDhR
Phase B Basic design v
- L h
Phase C Detailed design py
Project e e—
‘acrication/
Phase D Vertification
e E Initial & nominal W
operations

2. FARR TV 2a—VOREZERRE~DEE / Schedule impact on science

KBROBREHEE v 2 v b 0RFEBEIOEREPHELZT 5, FE1 OKERD
Bl 2030 FRYBHICHFEE ARG E s JUICE & Europa Clipper i X 2 Z 035!
Hl & DT % T BEEMERERZRAET 2 2oicid. M5.1.1 DRT Y 2 —1%#
ot nEE L, £2 ik EnVision. DAVINCI+. VERITAS % &\ 2030 £
RICBEEEFTH I N CTH D) . SEOHEIEE) & RROMHAEEMAZRT 2o, XH&
THEARKEFET 5. KECTE., BEEBOUERERK L EEED I v v 3 v AEfTHT
HY. 5HDOI vy avditEiENTnd, LAPYUTADR 7 V2 — i k> TRER
I vy a v oRREAKAREOANE, TEAKE LERKOMER. HkHs.
KBBE. KISIEEIC X - CTHIE X h e RKBURZ BFES 5 C L 23CE 5,

7nvzy bCERTS

sk
&KiE

Instrumentation of
the project

1. EfET2EE - 8l - 9hAh L %2EIR T 551 / Description of the technology
to realize the investigations

BN R 110nm ~ 190nm THFR DA RER 350cm” DL_EZ2f 55 ##6E 0.1
AT, RS H#EE 0.02nm BT, BHEIGEE 180 AL LotRE 2 Fio 0 tEE & g
REETE & A L 7 SRR T HE SR
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2. EfET2ER . 8l - oMBEEERRTIHE - BifficOWT, o, XU
AL & D LLE / Comparisons of the selected technology with other
technologies

E 1 ORBRREOEHZ., V=€ v iz, HEKIC X 2205l \TRETH 2,
Z OBBRIE . RIEEILD 7 2 OPELREE O FMIER % 1213 2 28, 7 R OZEREE &
&A% BT 5 € & GFEENICRAIEECH 5, U Tk v FEMEER icE 2 MIcE
i %o AIEE - FROVRE & L ©, ENER CRRGHHALTE B ko, #HE - &%
B ORBGREHCS URKEEO AT 25K e @y b7 2 P CBElcE 5, 382 0RN
BRERKOENFOHBIRI T [R5 e RRUC X 2RIV X EERK OB A FIHE L
%o AIRECHRNBOBEIR. FTEAKOS FEEICENTH 5, 83 oMl
WA DOKEH X D0 % Ly a B ORE L V152, HST @ v+ = v F O
DB R BT 2 IEEEBED 72D, 2=0-0.02 D25 D Ly a BUHE BT 2 0
D BEER R e UVEX TR Ly o EEROIREBIHE TEI LT A v, SRE4 O
BRHROWE TR BIEDORWIARE 2 EIECHEL 2 7D, EIMRLE OB R
th-oTwn5,

3. REEB DT ELKEHE / Major functions of the proposed instrument

INEIE RS ZICESE R 60cm D F & 7L v RS R T 5, ShmsE o AT ICE
BT R BN NG (R tdE MRS & EoEmtda HRS) . SEMNEER Y »
FA A=Y % UVIS, ZRUEZ7 74 v HA Fev 3% —FGS TH %, FGS & @hlcsrin
DHEB L EINRA A — Y IR ZNZICTEIETF A A A 7 RFEL, BHNSRO
AN E A CHEF A F %175, LAPYUTA Kk b 2 HFTHE%#£ 6.1 & 6.2
CRT o RIBBHIORTE & 7 2 MIERNBE AR OEER KBERE TR OME LKL oD
BUHR 7 A4 R DFER AT 2 7o, BLEOEHAEE R 2,000km 2HEL T %,

LAPYUTA &, BEZEENEER (110-190nm) €HWwT, ERHEa—7 1 v 7'
BRSO ED, 12% & &\ end-to-end throughput #1553 %, ¢
nick b, O 60cm A2 5 0% 2.4m @ HST L+ 2 EE+#15 2% (KM7.188),
¥y X EHECERL BN R EER T 2 L8 RHIEKE QBAMUT) i
T AL ERRE R BN 2 € L1 X V0.1 BADOIEABE %EKT %, Corifdc. (1)
BB Z — 7 v b & LGBIRX MRS Ly Ho 2Bl RT3 c & (BN
BER b 3 AN EoEERBEIFIEED . (2) FEoBmERK, 3 RN CBIHZ Bt
T OEEER L REL T2 C L 2 BIHLEM LS L U<, BEWIHA LI AL TRE C
& LAPYUTA O#REDHFETH 5,

£ 6.1 HHEB/IC T HMEEER . )
Spatial resolution 0.1 arcsec

Wavelength range 113-190 nm

Spectral resolution 0.02 nm (HF4rHs356), 3 pm (FEi5rHEs )

Effective area > 350 cm?
Field-of-view 70arsec (option: 180arcsec)
Slit width 0.55”, 17,27, 2.8”, 20” (option: 0.027”)
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£R6.2: A A=Jv I THHEEER

7.

Spatial resolution

0.2 arcsec (option: 0.1 arcsec)

Wavelength range
(Filter pass band)

A: Blank(120-190nm), B: 122-Long-Pass(>122nm),
C: 115-180nm, D: 160-Long-Pass, E: 125-155nm, F: 145-170nm

Effective area

300 cm?

Field-of-view

180 arcsec x 180 arcsec

7AYz/ bCERBTS
74

Data to be obtained

F1.1: FAREDFHT

7.1: (B) FHES 28 MRS (R
IR RREME. AR ELAE(E) &,
MRS ¢ RIZE DK R - 225 AR B
%#¥2 HST @ STIS 140M () @
BE, () MRSICDOWTHED B
1B T S/N=5 % EL T 2 1R
77y ARBERTRYT (H%
&), EDBIFREBOL—I/(4X
DEEKE (BEHR/ A X & & 4,
0.7 - 11 counts /s/cm?, O &
E0EFEICLS), FILHST STIS
G140M O E#R 7 v o ARF %R
¥ (£—2/4X:0.07-6.0 x 10
counts/s/pixel) o

7.2 1 LAPYUTA 3B 4&8:8 15
THRAEME S/N DEFEETRT,
STESMIE. AREE 300cm?, &
43 B 600 #. i & 1200A.
WARIE 400A. PSF 1%, #Rbig
K—2/4 X 1.43 counts/cm2/s (O
EEES N

5T 57— 2 BAENMRRBEO DR IRET — 2 TH b, M7.1. 7.2 £ 7.11cH
FEREL TV BRI E R T o K MNP OIUMEE T, B COEMRBAFERAHIRICE S|
PERE, BGGHERASROFE CHIES HEMRETH 50 C OMERETHE - TIUKE & 2 05R
Py 77—y 7 b 2BHIL, FRAOYMHEEHREENT 2, HFEENLENT— 2%
X g T 2 WHEOBRER 7.2 IWRT

RO B AR SR L ED BHAA A =T o
BYEE  |EEE250m?  |hOEONERD | EHEE:330 m
(@130nm) |3&&HE:350 m? | ~5%] EHiE:450 m?
TREHHERE (0.1 BA 0.6 A 0.2 ¥
WREE  |110-190 nm 110-170 nm 110-190 nm
BRS#EE (0.02nm 0.003nm 7 4 L RITHKRTF
REF 100#A 13.5#)% 3N X350

*ENEEIE 7 AL EDOEBREE LA ME

Point source sensitivity

Limiting flux (point source) for S/N=5, tau=3600.0[s]

—— LAPYUTA MRS target
=== LAPYUTA MRS baseline
—— HST STIS G140M
< -
§ | [ g
8
§ g
2 1013 4 =
810 5 10715 4
z E]
< =
&l =3
£ <
£
S =1
10%2 . 10-16 4

W HST STIS G140M
N LAPYUTA MRS

1200 1300 1400 1500 1600 1700 1800
Wavelength [A]

1200 1300 1400 1500 1600 1700 1800
Wavelength [A]

R = 3.0, texp = 600.0 sec, S = 300.0 cm2

200

150 +

S/N ratio

50

— imag

18 19 20 21 22
Magnitude (AB)

23 24 25
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F12: PRBPICLVEBIND
T2 (LB R TR 9%)

Objectives

Investigations

Physical parameters Obervables

Objective 1 Energy and flux of precipitating energetic electrons from UV brightness and color ratio (e.g., ratio of the brightness
Jupiter's aurora |the magnetosphere and their time and spatial distributions |at 125-155nm to that at 145-170nm) of the UV aurora

Objective 3 Distribution of galaxy Ly a halos Lya and UV continuum at ~115-160nm and 150nm

Objective 4 the dynamics of relativistic jets

The heavy element abundances in the outermost ejecta and
Total luminosity and UV spectral energy distribution for the

- - - first ~3 hours.
The final 10 years of massive star evolution

Investigations

Objectives -
Physical parameters Obervables
Objective 1 Density and spatial extent of the water plume HI 121.6nm & 01130.4nm (dissociation of H20)
Icy moons Hot electron flux (~10's eV) around moons 01130.4nm and 01136.5nm (dissociation of O,)
Objective 1 Density and temperature of the plasma torus Emission lines of sulfur and oxygen ions and atoms
Jupiter's aurora |Energy and flux of auroral energetic electrons UV spectrun in Hydrogen Lyman-Werner bands
Densities of H, O, C atoms in the exsosphere and HI ol ol
Objective 1 ionoshere 121.6 nm, 01130.5 nm, Ol 135.6 nm

Venus & Mars

(options) D/H ratios in the upper atmospheres H 121.567nm, D 121.534nm

Objective 2 Nitrogen in the exoplanet atmosphere NI'113.4 nm

The oxygen, hydrigen, atoms and carbone ion in Absorption of 0(130.4 nm), H (121.6nm), C+ (133.5nm)
exoplanet's exosphere and plasmasphere

Doppler velocity, temperature, and density of plasmas for |The irradiance and temporal variation of emission lines of
the stellar active region, flares, and coronal mass ejections [H | Lya and other highly-ionized atoms.

Distribution of galaxy H Ly a halos Lya at 120-126nm & UV continuum at 150-170nm
Objective 3
The metal enrichment and ionization states The identifications of CIV 154.8nm and Hell 164.0nm
L The density and spatial distribution of circumstellar .
Objective 4 The UV spectra covering Lyman alpha

material at a vicinity of the massive stars

8.

FERER
Key technologies

*8.1.1: TERKMNESR

1. TERNERLAR DV BDELRKHTTESR / Key technologies and those
requiring further investment and development
TFERNER L. T bRBPBEABINEREE 8.1.1 WWRT,

(a)

BRARY 2T L(O X ZHED S D)

CTA =y b ERY VT Y TDRDHEER OB
cBELNKDTD STT (REx =T v h—) DI yvyavif~0E#H
CEMAEE R OIS ZFHE LY DA T LIC X U, 4 XD B R
- ity SMU D5#;

(b)

60cm KA iR

- RO FEH(60cm )
0.1 B fty DAERIERETER & 32 3 2 F 5 - SCIFiE
AR C R & %+ il 2 72 4% 60cm %
FURKSIE 2 i 72 3R i - FEE T kO MG
KHTHE % 0% E CE® LoD a—T 4 v IHiORFRE
- YR ORERET
0.1 B D22 D RREZR ST 727 7 4 X v b, BEAR, HENIRE)IC X 2 ¥
BRI T MO 7L OE R R AT & % ORGEE
- FESTEHETERE T FA A v PERERZT A b a =2 - vy F R FFOE AR
- 7—F. ANy 7 &, BRIEEHE

(c

~

BEELAEARE CERMOIRRE 0.1 A o Ui B B 4 BT AT IRNATIERAE

HA KA A TIC X B Bkl & FOVRILERIC X 2 I B o ]
L AT IRIERAEO R Eoe

(d)

ldR - A AV

< RY v FBIURY v FENEEERE. DEEMIER., SotET
CJEERHI S T —. 74X

(e)

KRG - S ERER

< K7 (80 x 20 mm) « EE&E (30%@130 nm) * &2 fREE(10 um)
7 7 2 A% MCP o #i#iF%6
< 2kx2k @ CMOS 7 L—{b(dB)Iick 3, K - k73—~ Mt
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2. BT EE DR ELEIITESR / Assessment of uncertainties in
technologies
BUR CHINIARTEE M O KR & A ENER & STUHSHRLLTOE Y ©H %,
1. EREZERT 2 UV a—7 4 v 27 LS5k BBM i X 2 Bt
2. BRI BEKE R EHT 2HEME I 7 — (k) omEE. KEH
BBM #iic & 3 Eifff ot
3, BRSO E A CHEBEESR OBl X 21 7 v IcER T 5 M SRR
DHAE : B0 BEAEERE (MDR AT < MTM & 74 % H w2 ZRIEHE % 17 .
Z DFER B HEARZE~KT 5 (11 D SH)
4. BEBEBEOBERC I DNFERT IA VAV L OXL 2 ET 20187 +— 7
ARREE OB : 7u v br—F 4 v /lEE & BBM B X 2 EiffiofEr

3. BIER T 0;ERSH / Assessment of heritages

WNERIRLEEEANZORAZEE L, "AHOBBICRFEIC A NAZHAL 20T EHAE
2HOEHEDER, BITL RN EAL TV B SOLAR-C oBEHiER 2T 5,
LAPYUTA ofEFBEERFI O HE L Y B\, NRE L EEFEH BRI T
HONAEBTH U B IV MREN D BRI D 7 D FHRREALEL A b,

HEEE Y AT LEEEE L v I b . v —ERICEE T 5 BN S
HER L EMNERA A =P 2 ICEZNENICFEDERE A P AT 2HET 5, T A
KRB HA P AT L, BRI —1 B OffAMIER [0 & & FEBOKEE
HEET S, FHMTE LTl BREIOMHRET ERT % o O LBRELOFIERI. &
MERFAR OB ESE. ABIRHHEED 3 023 5, MHBRIC AS L 2 e TO0E % B cat
H L. FCEERET 2 280E (BHEEROAMEEER) OEOAE % F v CEEER
A7 —NEBEEEHIET 5. FMNEARSNER T EHEO O 20cm 2 H 60cm ~
DORBULICE W, HETECZ, RE - WEHEORFZITS5. BHEBREO X EHE,
WSO-UV oM e UVSPEX o~Y 77—V % v, KEULOBFKEIT .

0.

BEINDIAXL
Cost estimate

£9.1: 2x+R&E (Efr: ®HHM)

91 ave 7 MERFACTO2 X MEED D 2Rd. REY ORERE LTRE
(BEANZEA — 7 OBREHFER) 1€ 10%. I v a v (Fcox 2 #HE, WSO -UV/
UVSPEX Bf38& 2> b O ffHE) € 30%. #EH - #1 ERIC 10% (0 X EEHEEEYSE).
MNMFEEIC 30% T ETF (4 7vmy SEEE) K5% D~v—Y v B0 T w5, HER
LYEB B EEI N TS,

HH N &
BRSRT L« NR 4,893
Ty sa v YimE, EFL RIS eE. 4 AT v, 4,315
HARARAT, IvvavFi—x7axy¥
B -GN - R | SAEEEE, Ivvay - v RTLEH, 3,194
I v v oa VIREAREER
JEA - L ER Hh bR, EEEAE G E), EEIERENRE (3 ). 1,083
F=RT =47, Tadzs b ANMFE
15 B Yoy 2 IEREED 3,708
elE 9 fEfESy 469
At 17,662
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10.

B~ 7— 2 LR il 1. FfIAY TP L& iIRRIRIL / Technology heritage, development history

Eﬁ%’l*fﬂtﬁﬁ%?l’@ and status

Technical heritages, RS AMOEERLGTEH & BHED TRL £ 10.1.1 1R To TRL AR~ 2 A —

technology 57— JAXA D HA ¥ T4 2 1CH > TIHE L 7 BB CTH B0 < R IBOMRER AN

development status

and plan CROEEHELFESTH 2, STT. RCS R& EHENOEE & 7% 2 A FEfEM & B
4%, SMU. AOCP. # X *HCE @#t&ftzEE L Tk H. SOLAR-C DA EiH
ZIEHT %,

Iy v a VO EERINER L BED TRL #%£ 10.1.2 WRd. & FFHEL WSO-
UV/UVSPEX % &CE o 7 TVE COEIRI~Y 7 — U 2IERT 523, 8E T~ X5
CZ L DavR—3v b CTEMDEE - Bl L %S %,

#10.1.1: HEANXBOEEHKIM Change
BRERES TRL Subsystem |Component TRL Rationale
category
SMS SMU*, TCIM, SWR, DR 9 | Hisaki
S-ANT, S-SIP, S-SW, L
COM 9 | Hisaki
S-HYB, S-TRP
SAP, SADM, PCU, APR, .
EPS 9 Hisaki
SBD, BAT
AOCS ACOP*, RWA, MTQ, STT, 9 I Hisaki (except STT)
IRU, CSAS, SPSH, GAS STT: Concept study in FY2021
RCS 9 | ASNARO, Arase
TCS HCE* 9 | Hisaki
STR 9 Il Hisaki
etz RBE

2. #filifFETE / Technology development plans
7 = —X B ¥ coIfFREHE %L R T,
7U7z—X A1b
v AT LKgRET
HREGAFRCEDSE, TIA AV VEER S ke T 2 HES Y AT L oOERH
B R Ehi. BEFT T ICK Y EEOBELFERIEREIC S 2 5 B % i, ~AE L
HRE T S L BEBET T VR B L . BEERICED 2 NELE * 5Tl EEFED
RER - FAROERIRE - HEOWBEX T, 22 b AR,
F —EeifiriRat
- B2 AR BT % 7o DR MIEELIERRE D BBM 0IE & BhfERREE,
- BT v 7 ) OBEEERET MORL - SREERRET, BHEDRIRES. = — T 4 v SELRRERE.
- 20 x 80mm OKREL7 7 A ABEIMCP o 7' m b X 4 TR BIEL, BE & HiERE
FPHiffio
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%10.1.2: Iy arBoEERI
ERERED TRL Change

Subsystem [Component TRL Rationale
category

Telescope |Primary mirror v New development for UV range
Structure 1l Cencept study in FY2022
Focusing mechanism 1] Front loading
Hood, Buffle 1 Hisaki

Pointing fluctuation canceling system v Cencept study in FY2021-2022

Spectromete[Movable slits 1 Hisaki

WSO-UV/UVSPEX

v Based on WSO-UV/UVSPEX

] New CMOS sensor (under study)
Il Hayabusa-2

I PROCYON/LAICA

I WSO0-UV/UVSPEX

1 New CMOS sensor (under study)
1] New CMOS sensor (under study)

Toroidal blazed grating
Large funnel MCP detector

0th order monitering camera

Slitimager |Filter wheel

Filters

Funnel MCP detector
Slit monitering camera

wlh|lofv|lOo|phlWO|O|R|lW|HR[W|W

Fine guide sensor

7U7z—X A2
v AT LgRET
Alb FCoOKREREREEE 2. NAE - I v v a vHOMBEFEEHR L. REROR
BRE* R LS ¢ 5, ~NAE0BERIEEICER I 2 famEELOMIERAEFEIL % R IICE
s 27H, FEavyR—xv b+ (FH, BEFNLTFR, BHE, fBREILEERRE) o
BBM % Ba%o
F —Hf
- BELAIERERE L L RICEI D BT 3 ERER S ZIRE L BEF OGRS,
- B OMEEREHER © EEHF OOLFERET - MEREh i .
<450 CMOS v+ 2k x 2k) w7 L 18 CMOS ZH LE#E BT L .
RELZ7 7 2 VB MCP LA G b 7z DA - MEREREL,
7z—X A
BBM oBfF %8 U C FEH I &2 ML L EEE & HEAROMEHRET 275, I v
vaviEBAOEAREERET S, v aviEio BBM xHw<, EAESLHEIE
FRREC BRSO BAE A% FHE 3 2 FIHELEER % FE
7z—XB
FHARFFT OFE . 18 - Bl EM 2 8E L, n[Ebkic X 23l (2 25
LHEEFE~OEELEM. BE) 2 Ei, < DD IKEHEANXTD STM % % %,
KA MCP #tigia E O RBEHEN L L. A — 7 —cEIiBES %,

11.

7RSI FDYRIER AT LBAFE - BEGER c = AP A v M cBT 5 ) X2 #BIERZE 1L KRTS
Risk Management LAPYUTA OB EHBREANO A TERT 5 e 2 BELTH ), EEMNAZEECHED
Plan of the Project BYRZER e BATY 22 DEVEAD S b, ~NREE I v Y a Vv OBRELRED

ZICXDHERDOMESTH 2-1) BSTT2IvvavEcE#dseede, 774
VHAFRRVY (FHA FAAT) OFHEHIC K ) HInT 5, HEBEER (VT 27vavk
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F11.1: S RTLBF - S8UER -
TR IAV MY B RTHERIE,
R S ETE & MDR B o2 SR (GHED o

A= l) OBEfLc X 3HE 7L oMIEFAR®EN (2-2) CowTik, FAFEO R
k& (MDR §1) © MTM &7 V% v 7 EHIEHE %2 17\ 2 OFER % ARG~ T 5,
HELIXA POV RT LER (4-1,4-2) &\ MDRAio7w v re—7 1 v 7 &%
ik Ly MRS 2 X8 5,

Y2 /EE FFE MDRES &
No. |E4% RA TE TEE ‘%&EE wae AL HE HA WM
2 LATLER |
EZANATTOBRATERL 22—k Fyh—% Iy avi
W EREAY SRWEE T v a UMEICH ) i
M;:iif)% £ ;,;,i‘;;;ﬁ;;;;;*"’— U liga. mmzoBEsmAT. 5 | EX t B |cE®TE. 7oA A Fey | @
2 ] Q) x xr \),i' ° ¥
B . BRAEAERT 5. YEEHT 5.
W2 2 ER OIS . 7Oy bA—=F4 I 72 —-XT
DELEBREEORR. BRIEAH
2|t (4REH) (:;éiﬂsﬁ' PESEIERORR, WD RRASBEEERHIERTEL W PN & & MTMEFLEBWTEfEHET &
H7v / 3.
SRAREETE LTOMREEL. N Ty arBEREHRES
3 EHT CORBRAE [ ETORIEAENEILIINTY |HERENTELL, [ PN & h EE. oYz MeETIcRi % G2l
o, #05,
EWMBPH EH- BT AR 2
%h\ SHEFR RABEBRADHA F D2 |2 958 RS BROMSE (082 HRTORWERRT 5
4Ty avRofr P PERBRS S 2 — L ASBIES 3 i PN & & FETRHBN. TOT s MMEE $
f—7z—2 HEE RO AL PEESAT A e TIEESHEDARET B,
3 ERAER
FTE DA RIEDIRE T — 2 % DY i ERECE
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AXFAI2=T14D
Frf st ICRh 2 EEER
Strategy for the

Sustainability

LAPYUTA ZKBREE. RAREKRT. KEHE. RCHCE 2 5B vy =
VTHDbo PEHEBACHA Ly Ry Z—%BHTECLICL-T, FEHEZEL
RSP FETE O BRTA L B I AM OBRICEM T 5. LAPYUTA OB % B L CEBI N

LEAfD S b RERHER L §id 2 — 7 4 v ZEAT R O KRBT R Sia < b WH
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WEAAWE  [ISAS/JAXA B2, H¥ KNIEC  [ERSCA /SRR R 3
BERES  |ISAS/JAXA e FEIRTE ISAS/JAXA Y RT L
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Summary

PRIMA: PRobe far-Infrared Mission for Astrophysics
EARN RIS ES PRIMA

Project Category

1. Big projects having large impacts on GOPIRA, typically cost estimate over ~1
Billion JPY CEHRFEICKE ApBe 52 5, i - ER 0T E & U ARREHE O
#. HZ& L LT 10 ML L)

Abstract of science goals, objectives, and methods

PRIMA is a cryogenically cooled infrared space telescope with an aperture of 1.8m.
Its launch in 2032 will enable infrared observations from space, after a gap of
more than 10 years since the previous far-infrared mission. With its much higher
sensitivity than any earlier far-infrared telescopes, PRIMA’s main goals are to reveal
initial conditions of the planet formation, the evolution of galactic ecosystems, and
the buildup of dust and metals. PRIMA is equipped with an imaging instrument
with polarimetry and a spectroscopic instrument with a continuous wavelength
coverage of 24-235um (80-235pm for polarimetry). Both instruments excel at
large-field surveys that enable unbiased observations of numerous sources and
spectral lines in a wide range of regions and wavelength bands. This will allow a
multifaceted understanding of the physical and chemical conditions of objects
with statistical samples. In particular, it will make the first spectroscopic surveys

of normal galaxies in the distant Universe and elucidate the evolution of star
formation, supermassive black holes, and the interstellar medium from the peak of
galaxy growth at redshift 2-3 to the present. In addition, abundant features of water
and HD in the far-infrared will play a key role in revealing the processes of star and
planet formation. Participation in PRIMA is an optimal opportunity to exploit

the accumulated knowledge in infrared astronomy, which has been cultivated in
Japan through AKARI, SPICA, and other missions. It also provides an ideal means
of maintaining and developing expertise to pass on to the next generation. Japan’s
participation in PI Science will be through technical contributions, for which the
data downlink support with the JAXA Misasa Deep Space Station, the delivery of
a thermal shield, and the participation in the payload performance characterization

and verification are currently under consideration.

7Y/ rOBRLRFZEN - HEOER
PRIMA @FH# 1.8m OWEIFNRTHEEF CH 0\ 2032 F04TH LFOEBIC XY
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10 4EBLE 8D 10X~ — 27 b DBFARBHIATRE & % B0 REROTIEBEBEL D b
FEBIRIC R 2 L TR O MRS ORI, $RITIC 5 ) 3 ZREEHEL 7 o
R, FA b EEROEROMIEEAFEARE ¥ 50 PRIMA RIREBH S h
7 RGBT & A B 2 L R b 24-2350m (RYER 80-261pm o 3)
DFEI R BT S — LT\ Do FEETR b ABIE S —~ A 2BEE L, #5472
CHHOFIKD A< bR R KBRS CRING 2 C L ©, BEHCSAamICE
ROEILSARE S SRAIICHTECE 5o BHC, EATRICDH 2 WA IR £ 15T 55
BRI L FHRE 23 OFEBRE A LT E CORBR, BAT v 7 k—r, &
R DML & EALORRI % HS o % 7o, BARAMRIBICSHE £ 1 27k+ HD 0=
7P AEHGTR - BEHBREH 6 MCT 5. PRIMA ~0OBE R, 550 @2
2 SPICA %% L € 1% CEM T - e AR ICHb 2 A0S A L
KU RAZ I E 2255 b RIECE BBADEATD S, HAD PLH4 v 2~DEN
TR %3 T 1L JAXA SR IREER LRIC X 5 7 — 2 RELE B —
K DR, AHEERE US4 u— PR - B~ OEBIC & 2 ERABIERE X 1
Twnb,

Principle Investigator
Name: Hanae Inami
Affliction: Hiroshima University

E-mail address: hanae@hiroshima-u.ac.jp

7oz MERE
R4 . BREE
B« [RERE

E-mail 7 F v 2 : hanae@hiroshima-u.ac.jp

Co-investigator and his/her role
Tohru Nagao (Ehime University): Science lead
Takao Nakagawa (Tokyo City University, ISAS/JAXA): Technical lead
Keysuke Shinozaki (JAXA): 18K shield lead
Takayuki Tamura (ISAS/JAXA): Data downlink support lead, JAXA project
management

Chisato Tkuta (ISAS/JAXA): JAXA project management

7aYzy MRREE L ZDRE
RE & (BERY)  BERE ) —F
Wl Bl GRAEUERTIARY: , FHBIENIER « BafRat ) — F
Gl e (T2 7R « 18K & — v Figft) — ¥
FAT BEse (FTHBEETFERT) @« 7 — 2 %EXHEY — F, JAXA ey = 7 MEH
R & & (FEHBEEMZER) : JAXA 7wy =7 MEHE
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1.

Estimate of total cost
1,025,000k JPY (Planned Japanese contribution, including margin)

#azxroREY
1,025,000 TH (HAE#D , ~— ¥ vidH)

Estimate of total FTE (Full-Time Equivalent) necessary to accomplish the
project.
5.6 FTE/year

702z b RRICHELE FTE (AF) 0REY
5.6 N4

Duration of the project / 7B x4 FEIERAR
From FY2025 to FY2037 (13 years)

7'azy bEHERR
FY2025 #o FY2037 (13 4:[#)

7avz/b0EE

Science goals of the
project

2.

R XD b BRI EREEE D E R NREIINIC X 2 T8 D RS OE LA

= 24 MY 1 =)o)
Science goals of the
project

O£ 1.8m @ @ #1774 #31 &H & 8 PRIMA (PRobe far-Infrared Mission for
Astrophysics) TR\ mEEREFNRERICHID CAIREL %2 5 3 DOKRE AFRPEET
D Do

(1) BRER KD HHAIREE D AZER

FIRERE RS O RERE~DOEHIC I L LLL DFPED, K (H,O) DBl
AEEMHBAOEKDEOMER, P TR RARE 2T ORRICEEL RIS M7
ABBEEBRE I T ~OHF ADOERIC L 2 W AKERK. F7c. REOWEEL % HIHT 2
LEZLONTWBER, Zhboffbid g ZHL 2> TR % v PRIMA TlE LB DIR
W% N —F 2 5 HBHE AT, AmoRETH » 2 H,O oFHERERMABE Oy
ik R L. HD M2 b g7 2 0B EO#ILE AL 2T 5, KFE0 H,O iR
X PRIMA 2351 S —1 2 i EEBICHFET % 20, (KR b EiE$ cotk~ AR HEE
D H,O H2ADHTGEED TN TE S, chick b, T OKER) LEH k) ok
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RCHDAI) =T 4 MNMHEDKSATAORELFEDO Y 7 F OFWEHLIC L, 7R
EaT7oRls XU HTARERTIOMKRICTI®Y 5.2 %, HAZEES 5 GREX-PLUS
(10-18 # m) @R H,O #fHwT, 2/ —94 vofBof#tzF A3t 2 HEL LT
B0, PRIMADOHY A v R LHMIUTH 5, GREX-PLUS ZEnETH 2Dk L,
PRIMA G &V IEwiEEEZ #— L, <% 3 H,O EiFEoZ 10 L L & FEERYC
%\, MBHDOHIC LY FBERATOKDIREICE D W7 REB K OYIHLIREE O BfFE 2
HEirc BRI NS,

(2) RAICE T2 ZREERNELZ7 AR DAZEA

TIERLEED » Y. Ay Y T —FHEREHFE., ~— v o VFEHERFIC X 5 FNE
B E0 b, BEOFHEI AR L DFEHRE L SO IR HRYE 2 £ colo
FHTR BRI NLMRARFHEECET 2 RKEDEFEREHES C LR 0hoTnd,
. TNHLDIMADEZHICIERT T v 7 "= ABHEHFELTWECT L IRBINTRDS
2N ZFDOERIEFOIDOTnA N, PRIMA B, ERFOEmREG - 2HXBHCL ) X2 b0
B s X O R DM E TN A T RCEHIT 5 C LT, A0 EERT T v 7k —
NOBREIHOCT 50 $7cy HADOEEHZRHEL. 7V b 7w —»i#Ebic5 2 3
WELREAT . BEE 2T WIERICERZRATI NI EERELEEBECH. b0l
WA~DT 7 e AGHETH 5, TMT %A ERIEDE - FTFRIMRGEIE % BLHI 3 2 RS T ED
WERZT, JVHE -7 IV EEREHT 2 ALMA CRIKBEDO AR « XA LA D
T EHRHES, 2N b KRARE S DL EOSRMICER O %, RN EBTH A3 FTEE &
TAO CREEAEEHCRET 5,

(8) ENFLERMDER LEL DR

FBRE > D IAHAR D FNRD BN X - CEEE - FPE - DT 2RO BE A MEREHR 2
B3 LT, FHEBERRTEIKE NV VL LS BTLROLE o FHLHICL
ThkA ZPECEOHRACE 20 EHOLICT 50 TN E TRIBEARBEEO 2 <7 b
ViREHZERPEOETLHER (B8R CEMESOYIELFIREZH R iTbh &
Teh\ BEIC X BRIV - BRELIC X 2B X 0 . BRI ARERZE ST ICH U T\ A REME DS
BN T D, FOMEEIIC X ) C oEREM S . EMEOEoWEIL A IEH %
Hf5c& 5, PRIMA Ti@#9 100 BEROFHE 2 GHAEICH T T, KR P LHETLHERE
NEFEDX S BREBTHEL . ZNHABEORBICE >0 2 BET 5, Frc, KE
Srf#RE R-10 CHElfE L 72 24-84um DR 2w 5 C & T, ¥ X iR PAH
(Polycyclic Aromatic Hydrocarbons) Z#h&H X 22 5 T L A3 CTE 2 WAL D b0 H D
DEESCAEY y VT —TCTHRRARENS I NS, BERED DY v T rndbin
by AR WERFICR o T %0 72 ALMA IC X 29 7 3 ) i o BERRETHIC . HiEkK
S X o TEUHATRE A B REFH A R O 41, FHEBRIOFICH LT 7 & 2T & 2 HfR
FIFF RO T 5,
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3.

703z FoREN
BERLBEDRI
Rationale for the

scientific goals and
objectives

1. BZHEROIRY : IROETR. HZIPTOMFRIKR. % / Scientific
background, status of the relevant scientific area, etc.

B0 Ay YT —, N—v 2 VEIC L Y fTh T & @R i EE SN &
D\ BRI NHREZADL D ICT 2 ERMNRBIHIORIANEZEE I T b, F
Hib DRz 63 2 ERRKORFRECRE N FANRRFcRc s Tw b 720 Ttk
RAOWE 2 RET 2EERARY PURORERFNRFIHICEE N TS, £,
REHBEOBEBICRT R A HD 57+ H,O AFRMNRBEHICHFEEL. RERK O
HRRAE % BfF 3 5 7c 0 O T ARE & & BB OB ICLHL R b,

LUy EEDBEFRNES v a v Thd—y 2 LBERAKT 22 bR 10 FLLERE
L7cA, BEPHcRZOBROERFT AL, KEROBFRNEI v a3 v3RET
H 5. FEBIC Astro2020 i€ X 2 BEIC & Y Probe 7 7 2 0 @FHEMNEE (RUEXHR) I v
voa vilEEDORES A NASA X 0 b 726 X h, ZEZHRMNE Probe PRIMA (& X ## Probe
AXIS) 2% DRER L LTGREINTwS, Yx—L XY v 7FHBESE JWST)
DRI D B ) HFRCHT D FMNERLFEOR A 2 FRBICKE AR FELNTED .
HARD 5 0 e L SPICA BHECcORERZIE» L £ OREIFICTEN S L 5 HEmRIICH
DHGBERD b, & e\ BRNFEHE & RO E W ALMA I X %2 HRF & -
RERMBOHBOZERCID, FNFEII 2 =T 1D CHETHRELTETSED,
ERNE I v ¥ 2 VER~OFIRE V. PRIMA TRV EER 2 I 2 =7 1 EOfkx
BB eI L. ALMA2030 ®° AtLAST/LST & & o1 HEFIC ANHEE L Tn <,

2. RETZ7AD /b AVETMIEZESTICRICZEL=HZ5LT5DD / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area

HEIRNER Probe (Efio 1 2T» 2 PRIMA &\ KERTH 2 ERNEEEE 75
BERBEEIC X 0. REBRKOWIERREE, SRR O LREEEL 7 v & X D% FZH X
5,

RERKIBE
FICOKGFERLZEREBRE T2 L0k, KRTADF Y 7 FMCXVERRE2T
DEEMEE I N T 200 %2 TET 5. 7o HD MR b 7 AL EE X EHERD.
ALMA 77— 2%y &be b c L cHBHFDRE [C/H] L8R [O/H] oFEER KD
5L THARERKOVIIAGHEZEED | FHRERMB OB S HIHL, 20
HELEEEZH L 2 ICT %, PRIMA TR, CHOLDKERKICEDL 2 F =T A —2%
#1535 & T FIARERMB COREFRE~DEHICOCTOBEBICHEELZ D LT,

RAIOMEE
HH Y LAy YT — TRIEFERFC L 2EHIC & 7% 2> o 7 PREIZRIMR R O B E
Bl 3 X — 2T RRE RS OSIC D\ C L BT & R 5 7@ AR O
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4.

W 2=2-3 ¥ CEIMEIT % C & ©, FHBICE T 2 MAEILRELY A LHAEE cO LMY
BoYLFRE L 2 0L ZHETAECE 2, CNOLDIRF~DEKRT 7 v 7 h—nh
LOHEGEDZHETH D LEXLOLNDEH, DHERACCKEEY — <[ OFE» by BED
L~ D BT 5 C L BMRFI NG, T, TR T 7 AADDLHTADT 4 —
Koy 7 OfEED TE, SRSy v T A ) BERKEZSCDE T2 bbb,
PRIMA T\ FHAR D IEENL > BHA L Z NAKA LEE > T PHEEREO
s % EERICEBIAI L . SR 7 v & 2 O — IR ICKELY D 2 b3

JL.RETI7/OC/rave 7 oiEREBE, RE. KRROMEOTASIM, B
% - BE L OBk / The competing power of the proposed project concept
and its relationship to past, current, and future other investigations and
projects.

FRNERLFORIAIAICE S EIF b IRTS . 2 0BoFBICKRE ZEHRE L &
FNERILEED 50 AL DFEBH ST/ SPICA BHEIIC X b . BHARIZHSESE
ZHEG|LCT& ko HAR®D PRIMA SHE~DZEE. g CTEINTE o 2 FRINERF
b 2HMAOEERTEL L, FiehBconE coRBRE2 RIRA~AZTHRELL LD FH
CHEICIHBROEEL D, T, HAWICATY, BEEOBEFNMEI v 2 v TH
B — 2 VBT 2 HBRC 10 F#% Ly FIR-Probe i34 10 4FCHe— D@ RN
Iy vavihd, CNREHARARIZ I 2 =7 4 BHRMNERLEOREF T OEZ L E
FICHES BT T & 7oy FRNERCFE ORI % HRIBICIE & A TH 5. £ 7. FIR-
Probe ~OEHESINZ. ABBEARY —F LA VBINT2EE v ¥ 3 viIcRET A AM*
REZEX 2BEEA—AT v Tk b,

7Yz MEEET S
%

Scientific
investigations of the
project

S.

LEEOREFHPGZER IC X, TRk 1500 R o BIHIFR © 1 SEHE % v 2 BRic
3e-18W/m’ (5 o)\ o EHI< @ 1 R OBAIKRT T 2e-19W/m2 (5 0) DEEIC
ETAILERD L, "ITNIEEESRH DL AL o —2 20 XD $#520-100 BR W
BETH 2, TNbOBEEERD2DIC, PRIMA CREESFZ DD D% 4.5K £ oAl
L. BHlER 1K £ cHHld 50 €7, ImETOREE & <73 FEHEIOFRRER
i& hyperspectral imaging. RVt 4 > ¥ OFAREFFEREHICEBL &, 90e4 —
~A Tl steering mirror x XY v b=y € v 72 fn3 C & CREEBIHZ TR
¥ %, HAR2H PRIMA ~0EBONA L LTk, (1) PRIMA ¥ — 2423383 3% Pl
B~ (2) 4 v—FHHH 18K v —r Foiffh, (3) JAXA Ei#fzc X 25
FT— 2 ZEXE. (4) WHAERORE - YEREETE. o 4 ARSI LTw» 5,

Ry¥a—Iv
Schedule

1. KED LRI ¥2—)V / Rough schedule
PRIMA i 2032 03T H EF 2 HEELTWw3 Q037 FFTcoS5EMMDEM),
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Probe 7 7 A1 2 ERDO—DTED LA, COMEDI v av e LTRIEFCT ¥
Ly DY SREAT a1t hoTnd, b EFE oI vy avaefkoEh~A
AZF—v %K1 ICRT. PRIMAZEKD R ¥ 2 —n b BEW R OO ICIE. BA
DLy YRS 2 b 0 (18K > — A F) & 2028 FEEHICHIAT 5 T & 23RkD &
NTwb, COD, KEMOEHCHbE T, BAMY REc ey =2 ME, FEAE
RHEDDLVLERD D,

2. FARR TV 2—IVORZERR~DEE / Schedule impact on science
PRIMA 7r > =7 b &k & LTk NASA Probe I v ¥ a volBBRICD - & h, &
OB ORI - FIEFRBEL T2, 2E L, BHRMEOBHEII v avin)d
A7 2Y —x, SPICA & ¥ BifE & LTk NASA Probe 25Mt—T®H %, HiEDI v ¥ =2
YREBRNT END, HIEREDOEBIERD > T b EIRNFEIHIR SUF O B A2 BFERR 25
HEYZTLCLEAve LAl JWSTICX 37 +u—7 v 7EHEIC X 5 BEAHO
HEZRAAFRFCE 2720, JWST LEEIFAEAR S C L ZEEL LEZ b,
—75 HfiECciE. BRSSO P2 —id, ThETDI vy a v T3
MO THL e, BB EHTHRERD 5, Lch->Ty JAXA oftillAaZEcih
N—TER\» - LObWESO TR &% OMLEoNBREELZFIHL <. XD
FEAFMBRR - FAE 2 HRNCHED 5 C L AHDTEETH 5,
T, BRERNIKBZRAT % &, HEDO R T Y 2 — Tk GREX-PLUS & ZEHARY
1 PRIMA L (BLE) &8 CENTHEN. B OHENRPIFCE 5, Ll PRIMADR T Y 2 — L3R IE
AERTRBRTFEINTLSZ 320 GREX-PLUS OBI% 7 = — X L BEA VG0 5 720, FEABETH b,

rYa—Ib,

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

Calender Year Qi Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3

Fiscal Year FY2024 FY2025 FY2026 FY2027 FY2028 FY2029 FY2030 FY2031 FY2032 FY2033 FY2034 FY2035 FY2036 FY:
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 QI Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
NASA Phase A Phase B Phase C Phase D Phase E (Opeartion)
A A A A A A A A A
Step 1 selection Baseline Freeze A Final selection PDR COR SR PSR Launch Decomm. Rev.
Letter of Commitment Due
PRIMA- Research Group Pre-Project Team
Working Group Project Team
A A a4 A A A A
MDR SRR PDR CDR PSR Readiness Review Launch
Proj. Prep. Rev. SDR
Proj. Trans. Re
Misasa Telometry Interface coordination Hardware Preparation Operation
A A A A
Design Review  Readiness Review Launch Preliminary Operation Review
Postdoc B
18K Thermal Shield BBM EM M Installation / Test Operation / Monitoring
A A A A A A
MDR  PDR CDR PSR Launch Preliminary Operation Review
Postdoc A
Pl Science Activity Observation Planning / Simulations / Data Pipeline Development Operation / Data Analysis / Data Pipeline Updates
Postdoc C
Postdoc D

6.

7aszy M CERTS PRIMA (&, WUl X RAEESHICEBT 5 MlER (<10 K) EEgcd b,
xE HEPEBIE ) A BRI A 2 L0 IERT 50 AARDEHEOM S —L Fo 1
Instrumentation of 5CH % 18K v — A F &t 5. BHEER L, 5@ (FIRESS) & #% - e
the project B (PRIMAgen) 74510 & 1% o F A4 FIRESS 01 ECoRHBRIC BT 5 BEE 7 -
T3, %7, PRIMA CHUEL 2R 7 — 2 0% JAXA EHERCZIET 5. D
7T avTlE. b 3 ODHKDLOFEMEBICED 2E o DACONTIHER S,

PART II: PRIMA: PRobe far-Infrared Mission for Astrophysics 139



1. EETHEER - 81 - 2k L2 ERT5E1H / Description of the technology
to realize the investigations

HA D b OEMERE 18K & —v F ok, Bl 7 — 2 ZEE . HAEERORER-
PeRERHiliZ X — 274 v & T B,

2. EiET2EER - il - MR EERRTIHE - BilficOWT, oiif. LU
FELIERT & D LB / Comparisons of the selected technology with other
technologies

18K —IL R DR

HiEFiw G UBIR KR <4.5K OfIKEICHEIT 5720, PRIMA CRZEY —
VR EBIFET 50 CONL HRB 45K AT —v e M u—F0 45K 27—V oo
SR T BT 5 18K v — v F 2T 5. oY — FERBRE CBh 7 BulkikAE
DBEL L 72 5 03 JAXA WiFERHZEER T 22 SPICA S o 72 0 i BA%E L 7= Non-Interlayer-
Contact Spacer (NICS, &2~ —4) Mult Layer Insulation (MLD % &M
T %0 KE Quest thic b FRO 23D 2 BEIRMERE L L CTRIKL SRR BE
AR TH 525 JAXA/NICS MLI GERCER 2 i T L MIFFE N T bo 7Z Ly
NICS MLI ccivg ¢ « #Hili L 221 E . PRIMA Z5RIEREE (4.5K-45K) &
b En7cd. PRIMA BRSO MRERHIi AL ETH 5,6

RETF—2ZEXE

JAXA E#Ric X 2 PRIMARIY T — 2 0% EXB 2 ERT 5. BEciE, Ka 26-
27GHz i ic BT, 128Mbps © 7 — 2 @<, HEFEc—HE S Y 12 FREE
DT —2ZERIT5. BERTOREXE LTS WHE, PRIMA oF 5 L3k, &EH
7 = — XD 5 ERTH 50 PRIMA Tl Roman FiH @S CRfE L 72 # B2 %
T2 EERETERT 2B ANT —ZDOEEICHS ¥ 27 6 O—EEEIE»BEC KR S,
PRIMA 7 — &<k, %725t HEH D NASA Lunar Exploration Ground Sites (LEGS)
DFIFEEEL T 2 D ICREERKRE o —F, BAFEREN D 2 EHER AR TRE
XK & <, PRIMA ofF#ER E~oFB Nz, EEROFELHRACT E—1F 3
TEHTE D,

BENFEFROFER - tEEE T

HARBChEcomHEll v av (IRTS. 29, CIBER, CIBER2) TtHioT%
7o HD e R BT 0 i SPICA &l & 0B AR EWI7EHRE Open Mix Lab (OML)
THH%E L 7 Computer Graphics Hologram (CGH) % i \» 7 S #Filli o £z i % 76 H
L. PRIMA o ##iies 035 - FMES CHm T 2. B, 22 FIRESS ©
HFRDA VT IV —v a v OBICOEERT 74 v A v Mtz SO R HEEZIREL
ABRRE R OFHE - #7217 5. PRIMA G EHIESE 2 ZH L, EHEOBER - 2> 7
MEZEBHLTH Y, EROFHOLEECTH S, OML v 7 %@ U <. GREX-
PLUS F— 2D A vo3—& ) i) LT ADe Rl o L FRBAFICH ) A TH 0
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7.

GREX-PLUS ToO®HEINF R OFHE ., FCHEAIEER ONFHBE~OISHEZ BRI L T
b,

3. RREEB DO X EL#EE / Major functions of the proposed instrument

18K &—IJILF
45K 27 =2t A u—FD 45K 27—V ORIICEB XN, iR T— VRIColgs
LT e 35 A A

JAXA EERFHEERAMER
JAXA £#R/OOE 54m 07 v 7 F 2w, Ka# (26-27GHz) i€ X 3 PRIMA ©
M¥ET—2%%ET %,

2HEE FIRESS

HA T — o234 EABRICSINTE D43t E FIRESS BBUAIKE 24-235um % 4 N> F
i 287 FORIGEEIIC X b &pRE e 1 —3 286022, FIRESS t#%C
& s BHMESEOSFERE X CGH 2T 2 ick VHllES 5 C LA TE B,

7090 b BT
F—%

Data to be obtained

8.

K7y 7 bEERNRE A KBS — XA 2 RICBE L L. KEE 24-235um
ZHIRET 2 KB ORI « DY —_A T — 2 2 BT 2, ZHDO A7 P AERLEE
Cb7c 28l E hoN—F 5 C LTy ZrEaHE» D O IRIGE. BEED & % - R,
BOEFHBEH Ly O R15 S C LR TE, RKOYHELERELY ZANICHET S C
EMRTE B0 REIY — <A1 X D #1000 Rk % M@ CBIHI LEHVERE 2175 € & T,
Rl HERIC BT 7 RIRO#EAERE % RIS %,

¥ 7z PRIMA 7% & D 2BHIFE 0 25-30% (& PL %4 = > 2 &l b BT oHh b 5,
%0 D 70-75% X7 v R —VFAFFEEIC X 281 & 7% 5 General Observer (GO) ¥4 =
VALK TOND, HAD Pl ¥4 v A~OSINEAEMEREZ B L <fTbhd, —FHTs
GO 44 = v 2DHEAT A 7 4 TIc>WwTld General Observer Science Book vol.1 ¥
XU vol2 B3I v (arXivi:2310.20572 3 X U 2511.10927)0 BB 1B LHE 2B
ENENT76E 1200 A v - r—2EE LD Y (FHERED). 205 bHE
WETEDIIZEE R Y — F LedbDld. EnFh e 238Th b,

FERMER
Key technologies

1. TEBNERLARDP D ELIEMTER / Key technologies and those
requiring further investment and development

CCCRBERET E T 3 HEAD b ORINEBARICK > Tk R %, € 05 CHIFE
LB L 72 ZENRERIZLI T oMY TH 5,

PART II: PRIMA: PRobe far-Infrared Mission for Astrophysics 141



18K — L F iR

18K ¥ —n FicHw 3 NICS MLI Bffi. & bR (300K-77K) co@EH DD Ic
BRI NI DOTH S, BUIOREDOEICKH LT | MEREEHE, BREFHBEIKTLC
0, TRL EHocEn (4+; BaE@igs) cHlichs, LaLliaz b, PRIMA
CERE T w3 iREE k. NICS MLI ofEREEFHEi & T w7z v, NICS MLI @
EIREREDO FHICE T, BRRORNEREEZ D DD, £ OXLFHEE (R—¥) D&Y
REE (45-18K) s 2BUREECTH b, CORRDRNEMELZED RS c ek b,
NICS MLI ic & % 18K ¥ — 1 F~ DR O BRHIRBE 2 KE K BT 2L ERD %,

EHRICLDT—2REXE

R, Ka i coZEMRAREC A S X 51c, JAXA ® Roman FHHEIC X 5 KEE %
WiE. WREEMAER I T 5, L L, ZOHkRE Roman 72> b DR 7 — X ICkHE
INTw27cd, PRIMACZDE ZEHATE S, ANNT—XOLEBC,ES v 2T LD
—ER R BB BEIC R Do

BENFEROFER - (HEEFTH

EE A HIE Computer Graphics Hologram (CGH) #fw7c L —# =T it =
7 LTH5. CGH 1 X 2 6%k SPICA o i M#52EE SPICA Mid-Infrared
Instrument (SMI) @ H HHTEDEY% OMERD 7 D ICBHFERSBAIA S Nico T E TRAE
Kko#n CGH # ¥ (2 E N OWEFRICIE U C il 7 Bk ¥ % — > & BN
TCEE) ZMWTE d REBEDHEOWHEAEKL FTREA B CGH £+ (=4
I/RIT=TLARY) OBARRILTED, ZOBELED TS, FFic PRIMA
TRAFROBERRE L AK B LR\ 7co . X 0 BIKIE O RABES T3 2 Bat 2
RT 5 enRETH 5,0

2. iR EE MO K ELHXHTESR / Assessment of uncertainties in
technologies

HARD O OBEMEBNAR N TO~NY T—U2FIALTE D, H2BEDOEIEA X
NIHMiE R—AC L BMER L A oTWwd, 2Ly UTFD X 5 AREEELD 2,0

18K &—ILk

Z2oNBI)27BL0) 2 7EEREROBEY TH 5,

o FTEIRE (18-45K) IKF 1) 2 B ER % i 7z ¥ 72 o
o XFHM O BMREEHIE % B FEE (NASA/GSFC c#fH) 0
eSmall scale model # /v Y A — 2 FHHEiERER % 1T 5 o

o B TR & BV EDR & [FRFICHE 72 T EEMEAS DLk o
*Small scale model # w7 EFE 5% BT S € & 2 @atd %,
*EM <& Full size CoMMERISHABR 2L T %,
o IEBIC T AR 2 HEIR L. SUEERSE © b M@ WikET & 3 5,
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oFM FHIL 0> SE
eFull size TlE A 24V FRX (BEHREZE~2) 28T 2, BERgbEEios
EM % CIcigEF 3 %0 AR BT Trade-off LIEET %,
eFallback plan ZHEL TH <,
¢TI L T 4 L LDREROREM
* BEICHIR D NASA OSBRIV mfE7 — A28 LGt %0
e TN =Y LEEKREL LHit AT %,

* HREE DT
*Critical %% (End to End #BAHE%A L) 235 L. FAFOIMBRR CRE M &
ik L CRRGE L 2 TEES %o

eSmall scale model % i\~ 7= ZAEF fifli - FE& A % BIFSRIHAICIT 5 6

EERBICLDT—2ZEXE
FHROFIFEEE R 7% \vo fE> T HIIINHEEMEDO R E ZEHF R & o

BERFEROFER - tEEEFTi

PRt Cl A e O TO Y X 7 ZIZE A & E X biLd 23, International
Traffic in Arms Regulations (ITAR) #ifillic X U 3ABR~ZIIC & 2 AR R A D Y
A7 TH Do Kby FHEME LR EED T 381 CGH ARl cEk
INDWEREE 2 ERLTE R\ C L AL 22558, /Eko#H CGH =l b &
T RB AR RET 5o

3. BiIERiiio;ERASH / Assessment of heritages
WETNOHMERR T D BEFEEM 2 IERAT 525, R To kS AEERS 5,

18K —ILk

MLI o J& [ ic B ] B IE T & % polyether ether ketone (PEEK) # 2 = — 4
(NICS) 2BAFT 2 LT, BETHY Anbd, (ERLD bm - WigkrE % F> MLI
% JAXA WIFEBRFEERFTSE —Hi%E 2 = v + 23 SPICA M ICBAFE L 2 Bifi 2 A 3 %0 L
2>L+ NICS MLI Bfkix PRIMA c25ka 2 kb &R (300K-77K) co@Ef >
TeDICHRFEE NI D DTH 57, PRIMA BRI hTw 3 REE (45K-4.5K) ©
FHERERHITIE E TR no

EERICLDZT—2Z{EXIE

Roman 07— 2% %E3257®, ] EHRICBWTHizc Ka oz EREI 0%
2517 b s b, PRIMA CRENEEAT 20 7272 L, PRIMA 2%(E5 2 7 — 4
CERTEEOCEEV AT LRRIBET 2 BERD B,

BEKFEFROFER - tEEE T
HRPCNE T > T& 7, IRTIS®H0 0 R EOFNERELE, o7 v b FEE
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0.

CIBER1/2 7% & c oKt % 0, SPICA <o HARAITEHFE Open
Mix Lab coiEE #iEHA T %, PRIMA 04 t3EE FIRESS oX%F%Ricik. BHARB
FCHELAREBROAV I, ZL- L —T 4 v IHEENTEHY, FichRie 2 b,

BEINBIX}P
Cost estimate

®1: FHitE2FEOREY, &8
DEAIETFH,

10.

7uYx s b2EE NASABFEL CHEDLIOTH Y, BHROBIDOZR 2 -7 %
2bo 2D, TTTRHEKDEBMBDDHCONTIZ M %RT (') FAFCH
b I EBRCERNEELIKRE W2 50% O~—2 v, fikkid ISAS/JAXA o BfEY
HECX)=—Y v ALy 2RLACBEL TR 20% & LTwb, FHEBEMZET O 8
WML FEIFZE ] OF T Ic A2 RiED h TdH %,

IS B8 (W—>>21r0) | ¥—2riAHEst
PRIMA-] #3425 868,500 1,025,000
1. PI SURsR{LSEED 114,720 114,720
2. EHRRE 506,400 622,900
3.18K>—)LR 96,500 144,750
4. SHENFRHE - REAOER 25,300 25,300
1-4. Research employment 107,250 107,250

BfiAY 7— Lk
RFRIRR L FEFEE
Technical heritages,
technology
development status
and plan

HARD O OEBCHENEmI N DIF 18K ¥ — L K X UREHFOBBETH % DT,
DRy avyTlReD QAR TiiR3,

1. FEifiAYTF—2 LEATRFEIRR / Technology heritage, development history
and status

18K ¥ —ILF DR

PRIMA ic &4 5 NICS-MLI &, JAXA 7RSS FI0BEBFE aiCdH 50 BEIC
77K-300K [Hic & CHEEOHERIKZFFEE A TH D | kD MLI & b &\ it
BEDMF O N B ARG R 2 B C v %0 BifE, PRIMA 0ZRTH % 4.5K-45K H 076
FxEDTND,

Pl7c3EHERE O MLI 22kE o —tEChFE I LT w2 28, JAXA #HoPic k<, #YRE
F3E <« PRIMA ifif & 2 Buliiitkpt % 2 0 % £ ciRFc& 3\ Fic AL L
BELT 2, JAXARD S D, 34EEIEHcoMED BN RERCH 5 23, T L
TEKRERG XD b BuEREERES S < . BEFF M © PRIMA R % iie 3 C L B3R
nTnd,
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XEROBE

JAXA & HH 64m 7 v 7 F 0% OEFHBE L 27 4 & LTEER (54m 7 v
7F) BEFEL. XN Fe K (32GHz) ~v Fco@fEaN %25 L &2 (GREAT
TuY 7 Mo MAT, 7277 vY 2@ BOBEESLH > O ORHREERCHIETE 2
Ka# (26 GHz) To%fEv 27 L %iBMML 7 (GREAT2). EANTE. NZEZED
20m U ET v 7 FEFEOMERAD S, Ll RRBEOEESGA L D&M b,
HHEFH 2030 ERCOBERH COEEBED O OME—DRFTH 2,

EHF X Roman HEOEERK? b Ka HOZEICGHESE L 7 BHEAERI LT 5,
PRIMA <iZ+ Roman 7u v =7 b+ & BEZICERTHR L, ERRFL2EML ALY X T L
4 vF 7L —2—c PRIMAR®Y 27 LB 2 KET 2 TETDH 5,

BEKZROHER - MHEEFTE

SPICA # OML CBHi% L 7z CGH T#atHifio~Y 7 — Y 2iEH T 5. Bk, KE
TORET 7A v A Y M HFEEZEBL 2 CGH % —vic X 2 THiHlE. XU
A7 m 7 =T A M8 CGH i X 285 L i o REHEIE 74 & B 5
ENEFAFEL TR TH 2,

2. #1ilifFETE / Technology development plans
NASA Probe S v a v D24 674 v iIcEHT 2 L5, D ToRRELZILCTs
D BEICETTHRTH %,

18K ¥—IV F DR
FY2025
o I TH b AR —) BVEEREZEH L | BEERICLELEROBHE, B L
AR—FED I EEHRFTOERE T, EABEEREYEET 5,
oMLI Wi WERERHIICH W 2 BEAIA n ) A — 2 0—HtkfE (e —F A -2 D%KE
HETAER X URIERER) 20 5,
FY2026-FY2027 #i¢
*Engineering model ZBA%E3 %0 FHCHIEE 7 L ICD W TR FEEY 1 XOIRE)HER
EREL T D,
FY2027 #i%: -FY2027 ##
*Flight model BT 2. MLI ®7co, I v a VEICEEL I v v a v EEAE
Z2ABRIC CHTBVMEREDRRE 21T 5 o

EHERBDHIE

JAXA i & 3 E%RIC L 2 PRIMARIET — 2 0ZEXBO DD Y AT L% KIET
20 RMERTOZEXELTT S BEE. PRIMA o LFks L @R 7 = —Xd o
#95 FEMEEET 2,
FY2025
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11.

o HMAEFEEEKDEMN S X FJAXA EHHOERMLE GER=a2v 27 ) KonwT
BEt3 %, coEHav &7 & PRIMAOERICESE, ERFCLELY R T
LEREEL ., R AR 5,

o TORIERZEBI X £ 5 0 OUIBHE 2 AL L SUEETEZ RES 5,

FY2026-2027

* REZfF1Cik. Roman TESfifi L 7 LZER, 7 — XX EREEHT %, 2L,
VAT LO—ERIRBIESBEIC K B PDR F TICERMRE® R L (B DL EH: -
NEZEET 5o $7. T EFRICITS HBREACOWTHES ¥ 5,

FY2028-2029
T LD 2 FRIE CCZEBY AT LOBIERTETT %,
FY2030-2031
FEF 1ERIIC, /v 7 7L —v a vEBR-EEHRAREFERL . EA%EREZITS o

BENHS R DEER - T
FY2025
CHET T4 VA b X CEESRRERTAR D 70 © CGH Hilf o R
FY2026
« Wity CGH A3 X CHEISIR BB IC 110 72 Biite PRIMA KE A v ~— 2
Bl
FY2027
« EBRO BB R OFMERE~ D CGHBACH I 7 BHAT 5 &b, B
BEITRRR 7 & S

7AYzIbDYRIER

Risk Management
Plan of the Project

TuY s b&KDY R L LTiE. PRIMA & % %% Probe (EfiT® b mAKHIICE
ENTWwEbTTEAENWT L TH %, Probe 7 7 2Tk BRICE—XKBHK B THIL, #
AR Probe & L Tk PRIMA 23— D BRI L > T do e Ly difTL Ty X#R
Probe & LTH—2 (AXIS) 28EHi& LT >Twb, L&A > T PRIMA 23 Probe
ELTRENIGERN S LEELAVWC E3B I b b, CHEKRIECKENTOTFELHE
BECEREINEZDDOTHY, BALOEHZC) 27 - avie—AT5CL3E#H L, %
Do, WExrer 7y arzBIEL T, B HifRE ol 2 EFE kDT,

a2z e LTy 18Ky — A FHFOR T Y a2 -3z 4 FTH BT L%
FTohd, chiconwTid, BIfIL THocEiiz DT C L REETH 5, EHF
TOT —2ZEWDwTlk, Roman TOEEZTEHT 2dDTH Y HifiHI ) 2 7 &/
TNneEEZIOLND, /XL HEARER 24 L) —CfT5ARETuY 27 VETEDY
A7 NFIBNBRBETD 5, WHIFRHAB~OFBIC D W T, HFRO—H2
ITAR il & b \HARZ BT & 2 EHEAHIR S W2 /geERH 5, chicDdnwTi,
ITAR BN OE S CENT 2R ED Y A7 IKFRE & 5,
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12.

RKXEAI2=T4D
FriurTeE 1 (TR D ERER
Strategy for the
Sustainability

of Astronomical
community
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FHI vy a v BSBREULL TE T34, ENCTOMEOHIZERTIC X 2 EBEHH i
OBt L b, ZNnEED L BREIOEBGIETEA~DO SO 2 REARAIRTH %,
H AR E AR SCERARAL L 70T & 2 OFERICK & AR E LT & 7228, HRCTY —
F L7 SPICA GtEiAHIL L &Y CE CFf o 7 RNRERNCES b 2 Rl & Bz Fie 7%
B CcRMRICZ T CBERD 555, PRIMA EZ20xE%2#HZ 5. PRIMA TF: - 72 #&
B0 BT (X RIS R B 3 » o 3 v & GREX-PLUS i€ b 5[ & #kiF % b D TH %,

% 7z« PRIMA @XM o AR EEH () : /7 N4E ULTIMATE-Subaru, 47 3
Ui AtLAST/LST). ALMA « & 3 S22 o fEee 8. TAO « X 2 H1 L2 b o /M
BEZ L & OBFMERE L . ZHERHIC X 2 FHEHYH OB AWHFEO—IHEIHZ %,
PRIMA HAF — i, "« FAEEa I 2 =7 4 RO F, B2 2=741%2@L
DL LT ala=T7 g toEELRIEL TV,
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ULTIMATE-Subaru project
ULTIMATE-Subaru &t
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B=

Summary

ULTIMATE-Subaru project
ULTIMATE-Subaru &

Project Category

1. Big projects having large impacts on GOPIRA, typically cost estimate over ~1
Billion JPY CEHRFEICKE ApBe 52 5, i - ER 0T E & U ARREHE O
#. HZ& L LT 10 ML L)

Abstract of science goals, objectives, and methods

ULTIMATE-Subaru project aims to develop a wide-field (20-arcmin in diameter)
ground-layer adaptive optics (GLAO)system and a wide-field NIR imager (WFID)
on Subaru, to strengthen the wide-field capability of Subaru Telescope in NIR.
ULTIMATE GLAO will deliver an improved image quality of FWHM-0.2-
arcsec (at K-band) in moderate conditions at Maunakea over the full 20-arcmin
FoV. ULTIMATE will be a primary facility instrument for bright nights of Subaru
in late 2020s and beyond, and it is recognized and strongly supported by the
Japanese Government/ MEXT. Subaru wide-field surveys (in optical) have been
playing leading roles in discoveries of rare, high-redshift galaxies, clusters, large-
scale structures, as well as transient objects. To break the observational limit and
to study even higher redshift universe, it is critical for Subaru to obtain wide-field
capabilities in NIR. ULTIMATE will install a suite of unique narrow-/medium-
band filters to perform deep and wide-field observations to study the structures
and galaxy formation in the early universe, providing a great synergy with current/
future space missions. ULTIMATE will also be a powerful tool for any research

fields which require wide-field/high-resolution observations in NIR.

7RYz/ L OBRLHFEN - HEOER

ULTIMATE-Subaru 7w & = 7 b &, 3@ 2 EEFICH R RAISE =S & L TRARH
B (EE 20 2f) 2 o|RERE (K-S Mo 2 K55 < FWHM ~ 0.2 ##)
OHFEOLFE Y 27 4 (GLAO) LERNRIEEE (WFD Z#E#L. 313 % ok
R COILEERER N 2 NIBICH LT 25THTH 50 2022 FEAOAZ— L7 [$1
% 2 ] EtEiClE. 2020 FREFLLEDO T X2 ORK % 5 BRREE & L <, XRERHE
B 7 v v 7 g TIEESESE TREDEERMNREESIC X 5 EESEFRIPTE O | D38
2T Tnd, TREIHEFE. TORROFETH ZAEDLAEE I A Z1ICX )| Mk
B WiESRIKC, BRERE, BRI - REBEESOMRIcs TRz ) —FL
T&7eo Atk X O WIHOFH A - SRFHORREI 2 2 5 X EHRNETD
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JEARET - K A BB 23 HCH B o ULTIMATE CREZR 2Rt - AR 7 4 v & —
HE2 L FHEES & R R RN R R G — <A I X W WIITE 2 REL T,
FHAHERES & A ORRE 2 BT 50 % @2 SFIDEICBR O 3, RN L
B SRRESRNE BE L T5H 00 BMESTHICE RN AY — LR 2DTH S,

Principle Investigator
Name: Yosuke Minowa / Yusei Koyama
Affliction: Subaru Telescope, National Astronomical Observatory of Japan

E-mail address: minoways@naoj.org / koyama@naoj.org

7oz MikE
KAa . SSRFIGH [ /LU
Piig : ERLR BT A BHAIET

E-mail 7 F v 2 : minoways@naoj.org / koyama@naoj.org

Co-investigator and his/her role
Listed in the Appendix of this document

7Aadz MERIREHE L ZDRE
REICHIHE & L-CErH

Estimate of total cost
ULTIMATE total cost 5.08 billion yen (GLAO 3.57 billion + WFI 1.51 billion)

#azxroREY
ULTIMAET #%# 50.8 &M (GLAO 35.7 {&M + WFI 15.1 {&FH)

Estimate of total FTE (Full-Time Equivalent) necessary to accomplish the
project.
Total FTE numbers from FY2022 to FY2029 (final design to commissioning
phase) including scientists, instrument scientists, engineers, technicians, and

administrative staff. GLAO 104.4 FTE, WFI 22.5 FTE.

702z bRRICHELIE FTE (AF) 0REY
FY2022-FY2029 (®#&iEit~a I vy a=v s TEc) o ABR (BT,
PEEREHCBEARYE, 2v =7, B, FHXERZET) 0RMY.
GLAO 104.4 FTE (A£8), WFI 22.5 FTE (A4E)

Duration of the project / 7R~ x4 FMETEHAR
FY2022-FY2029
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1.

7'avzy bERERR
2022 £~ 2029 FRE

A=A N0} ¢

Science goals of the
project

2.

[ ORETAL & SR OFEE - iR - [EEiCS OB 2 & 5

7adz/ boREBRN
Science goals of the
project

ULTIMATE-Subaru 7w ¥ = 7 + &, 31X 2 Ei@ZgEcth EREIEESE & L TR
B & b ORI HELY: (MEBHET ; GLAO) ¥ 27 L & LBV R
& (WFD %#E# L. BT RCEORFRMEECH . BEERMICE. [(1) RYI DR
Fwodin, FHOBEMIZEDO X S ICETL 2 ? IIFHOBE LRI LD L S5 IC
ERE S 2 T(Q2) KREBIRF RO CTRE L2 2] [(3) RBEMoHR
O « LR EIOBREL ES5BEL T2 ? $ . AEEBKIEERIEE 20
B2 LS IRFFEECE T IRENAZBICER 2. ThbDnid, LIFoL s
ULTIMATE % F\» 78R 585 2 o> [ BB (2>6) J THER (3<z<5) J B (1<z<3) |
DEFHCDOIRFAEEIC L - TEHTE 5,

1) RAH (z>6) : FHUMOBERO EAREL. L7 4 7 A v FMEERE
REND. L TZDOBEEICH > TIRFAE S . T NEEY BT X 5 CBRES
TAREEL. BEHAETT 2 L TFEIN TV IR, ZOEEBRHALATRA V.
ULTIMATE <&, @m#EHEBIch > CARE—cHEBERM R C 2T 2R 279,
EFRNRCTORTIR T 4 v 2 — D REBHBEIC X0 Ly o BERRER 0 22516 % 3
N, BRI L ORRICTERE Ny ZNRED X S IKIERT 2002 HE s, £
ULTIMATE &\ ¥IAFEHOBEILRORFIC DB S, ko JWST I X 2 &z H iR
FOBHNC X % & FHEER S EFE (2~ 10) ORA < BRCHED 6 ~20% D
HLUREZDIDODDORHFEL. ZOBEENHEIEHEL T CEFHHATE A, %
CTTHEHEIN DA, KD 150 ~ 300 o REEE ORI & L CERmIICHED
FEINTE [HRZERBHE | TH 5, chF—EOBRFCESFIERERE
D100 B LOBETLREZHE T2 C R TE 340, VIMFHOBETREKOEL
BoTwd eEx b2, BHICERIRTH S, ULTIMATE i&., iERsERC
DOREHEEHNIC X 0 EZBHFEICOTARZEREHE LA L. £ ORERD, L WIHFH
DREODEITLEDERZHALHICT 5,

2) hiEEER (3<z<b) : BWIEDWZEIC L ->C. 10" KIGHEE %82 2 KERBIEA KRS
R4 2B 2FHCODHFET S C L BRI N, CTDX S5 ARERRAA E O
ERET 200, HOICHRBOKRE SRFISEFEET 208 5 k. Bic WEEEYE
XHCH) 75 5 O REERISRTIE R E 7 VICE VIR Z 52 5 223, JWST 2 &0 TR o
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3.

N7 RE ORFHEM 72 T ik +oaEt 2315 ok v, ULTIMATE < RIEFHRMN
DHREFIR 7 4 L 2 —% w7 BEEFREBIIC X 0. FRARE 5.5 £ cillo TRE
B2 RGEINCERE T 2. SEEEE & —RES CKRERRF 091z S 5 ¢
LIk, REERMOFEAEDL b AL TAINTwEOrEERILL. &)
HoFHONERRMAFEET 2 71 2HL2CT 5,

3) B (1<z<3) : FHAHBBEICH > CHRMIEER L. SR 4 %
Nbdo ZD7kEH T~ OFF O, AL KBGO & R ICBIRL T
O RAER 2L 2 LEIET D RELBRBRICH BT R bEEL Tw e EXDL
Noo MIIFHORBEMEZIE A KA F LN 2 EKEERNE 2 0 ERBFAH O
DB X S AmEEFEEICE S £ CoOREECOIRTEREZUE L, ST bokk
FriEHTIcR, L3 IEEEOERNREN2LECcH 5, ULTIMATE <idh
FHHR 7 4 v 2 =2 R REHBEIC X0 BEOBWRGREOHEZ 1T, HiR
T &H7c 3 REORBREEE 2 HEH L. £ ohCcoRAEIL Ok 2 EREAIIC
fRIAS 50 E7cy BRI 4 V2 — %l o 7o SRR OBRIIC X 0 . BRI BRI
% 2RO L T % OIBFNE D & CTEREEN TS0 ZHTEOHR
e MRICGHE L REOBREESORELZH O 2CT 5,

7’Axs FOREN
ERLBEDORN
Rationale for the
scientific goals and
objectives

1. BZHNEROIRY : AROER. HZIPFOMRINR. % / Scientific
background, status of the relevant scientific area, etc.

EAFHOBRIE. FHOWM., REKOWIAZEET 2 5 2 Th o & D HEARKIH»D
EENRHETD 5o SHICICAD . 31325 HiES D Suprime-Cam/Hyper Suprime-
Cam (€ X 2 7[HE CORBRFHEEC L > T EHFHOEA, 77 v 7 h—n, F
HAHEBELZHEZBAL, REAA V27 2 bbbl L LA IC K B
BECRAFHRE~6 (130 BEEFMOFHE) LV IEFFHOBEBEITE A v, L DI
DFHEHHET 2 CHERNETCOEENBETH 5, s FARE3I~5 (#9110
~ 130 (H4E0T) OFHOBEE D, ChETRIA~v a iR 7/ ~v T L — k% p
e T 5EERENREOBRICIE S b oBEEKTH Y, ZoRFRICT CICERKEE %
FEZ T RE BRI, BICHE Y W BRIETRERA 4 & SEK - #1232 5
X CEHEZIEREZ FkL T 3 afREErE v, 2021 £ 12 HicdT EF b v NASA
D JWST FRRONZHEEEETH Y A5 b, ZDEEINARE & OFREIC K > Ty KRF
R 10 2z 2 KikE 3T CIcEHEER L. Mmoot oERc>wTh, Fx
DHFEERESBIEFEZLS L LTwD, BHEDBORA 5 —Fik. YIAFHOKRHEEEE
DR — N7 1oN—F B IEFRNECORRE » DS RE 0B 2 EiE L. FHOME
TEREIC & b 72 SRR L L oBER & T C L TH 5,

2LRETZ7ADz/PAVETMILZSTFICRICZDLLHZ5LTEDD / Goals
and objectives: new scientific steps the proposed concept aims to
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achieve in the science area

ULTIMATE ry =7 F ik, [(1) EOEAZ-OEFE N, FHOBERE LD
X5 CHEFT L Z2h ? MIIFHOBETLRER DL s IERI MBI NADr 2] T(2) K
HERME w2 ECTRELZD 2] 1(3) REMORM O - #LEEEORE L &
SBIELTVwE D ? £k AEERBIEHIZLEE 205 2] LW, wIhd RFFEHE
CETHMEMNASERcCEL LS L LTwb, ULTIMATE A 5. chvg cEEllofR
Ric X > THRATBIL - B OBGRO [HIER] 55 Lihdr o FHBEMD 71k X
PLHHAFHICE T 5 NALZEREHE»r b OETLRMHO v 22 coET [R5 C
EMWTE B, Fic, BFRUENARREEIBERKE TV CREANTE v X 5 A RERHRA
BHRGRE 4-5 DEBRCERATERT vy v L2 /HD, 20X 5 AFENCKEEDR
FPEGFHCER I NI GE K, RPREREZIER» O RETBEHETTL %,
o & 5. ULTIMATE B¥IEIFE B 0 2 BERR - RIAEK 7 v+ 2 OBEZ D,
Bx MO IERT 2 7wy 27 bTh D,

JL.RETI/OVz/rave 7 oiEREBE, BE. KROMEOTASI b, B
% - AL DR / The competing power of the proposed project concept
and its relationship to past, current, and future other investigations and
projects.

ULTIMATE o5& ISEE#EEY: (GLAO) off#uc X o<, # EEEFECH
D A OIRE L SfRe REICH L CE 28 CTH b, HEEH 200 FH A (14 554
x 14 57/) <, # k8 A — b UIRELESGICHEE S iR RN REIHIEEE & L CRARHE
DIRFHEE & R 2 FHEEFICA R AHEHDOSZE AR 7 4 V2 - A TFEHEEEL.
TMT ZiZ U &35 30 A — M UVIREREE~KPEMBE O X —F7 v + 283 50 5t
e OBREFES S 2T’y (1) TIE2HEEFOHAL L L CoOMEMNT, BXU (2) #
RoOFHEEEE & OEME. ZRFICEETH 5, 3. T3 2 E=EFED HSC/PES
i T35 2 ) FrEoETH b, 2020 FEREBFH 6 2030 FERICETT X2 HEiE
FORKZH S EBMEE L LT, BUT / XRE» OIICEN T o Twn b, FHE
EEE L ok, JWST BEEL2HSACEL T3 5, ¥ & ULTIMATE »3H
SRR (M b OBHEFIEER 1 ~2.5 ¢ m ) OPFFEHT 4 V2= EBDOATH S
BICBAERD 5, IMREERNEFHEES & LCiE. 2023 B LT ClB L &
Euclid FHE%E:ESE (ESA).2027 FFiciT EF 28 FE & 5 Roman FHEEH (NASA)
BHEB WTNBBB T AN E—FT 0 —F AV FORDEBEHTH b, R/ PR
W7 42— % 2EEE T 5 ULTIMATE oi&ix. < b oAEBFFHEESEH &
W TH %5, & bic, ULTIMATE @ GLAO %#JERA L 73X 3 o XREAIZEE (L
TANFRDILEE - MBEOLRIEDNERE L) ~eBET IR IO TN 2,
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4.

7ACzIMERETS
3 A

Scientific
investigations of the
project

ULTIMATE T/, 2 IR 7R EBICH LT T B (2>6) 1 TR (3<z<5) |
MR (1<z<3) | OFRROMERELZLITO L B EHT 5 & 2FHHIL T 5o

R (2>6) OFHEE: ]~V FHO2MORER 7 4 L2 —%fH>T, ThEh
2=7.7,2=8.8 ® Ly o MEGIRFI% 4 FHEEICHE > Thk < & b BHERIML . H7R% #
Co 2L TZOZ%EMAM%, Roman FHIEEFHOLEHBH (Y/] v F) Thr—x
&N B[R R IR ORI (54~ 71— 2R &) D571 - KRB
s Wi 2 C e, BEEATARFEET 20 %7, BRHRBICEN S HRLEEB
HE & RIIRIC 510 2 HRRAFECRE L, Z0RERY R, BLROMMIE L L
TEEMME 5 pRIT 50 BRRERIEO 20, Koty FECBER DT = % — 8l
RIBECH B0 % OMIMDERRKRD 2 b REEREHE % KHIT 2 71, #hbF
R 2800 A BN Mg Il OMIRINE R 2 2 FEEE T v 2 —RERTH %,

IEHR (3<z<5) DFEEE : HRHRE 4.6<2<5.4 (FHELARK 10 (£F) DRF DL
==L =2 %2 KAV FEOHFBERT 4 v 2 — 4% w72 24.5%%% (5 o)
DEEZD 20 FHEY =4 %75, ORI BHFFRE~5 O LHE 10" K
BEICHST 2, WA LRA N CIRAEREEHFE 2 @ 2 C Loy BRI
Fe—f7 4 — FCKEERF OFRBER X LBt L, KERIRF O 5 & fHEIC
EDL bW AL TRINT W E i ERILT 5,

BB (1<z<3) OF@HEE: HRTRT 4 v 2 =% Hw e 1<z<5 OFERIRF % &1
KHEBELfME LT, 4~ 20 FHE %2R C & T BEOERRAFOMLELERT
" (Az=1) 4 ~20HEEE N2 HRFS I, RHIBEHE S 2bbikx REUmERE
IR L 7 SRIRE R EB T 5 C LA TE D, €5 LTROA 2SI > T 7 4
N2 —<H a iz & & e SREEERZ TV BTEL Lo XKD »TERE
WEBD BIERL 7 7 v 7% EBICFEE L % OSBRNEICE ) 2 EERESOREE B L U
RREERORE 2, ERNADIIZRICTy BV /T3 LT, WD, YCT, EDL)S
BHEREIC X > CEBBIEEIZIE S NEEIICHRECES D12 EE LD 5,

DEGHEER : LROREFEEZ DL, LTOX51CR %,
a. Y/] N Faio NB2 e v 7e ~25.5-26.0 ik (5 0 , AB) & - 4 LR

#

b. Kv F#io MB4 #% v 7z ~24.0-24.5 %% (5 0 , AB) @ -20 FHEHE

. K~y FEo NB2 E AWk -24.0-24.5 %% (5 0 ,AB) @ - 4 FHERE

T b OFEE % BIEN A B (5132852850 SSP, +AbbRA 360 %K) ©FEH
TR TE DU - B - RRES, EEICBERMEREEDkE A0 BHIEE 14 4
1 x 14 ALl k. BN A& T © FWHM=0.25" OfFREREAN 5o

ccT, BlHZEEDOAL—T v FZ 0.45 EREL o & ¥ ULTIMATE O#RE 2
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S.

TN b 2020 FRK~ 2030 Rz Euclid/Roman i€ X 3+ AEE - RRED
7u— v F7F—% (Y/J/H/Ks) &#i5 &gl ULTIMATE cd 2 0ffETH 3
NB/MB % v 7 & 3 23t HE 2 HEL T 5,

GLAO € X 2 fREE oM EiX. ZEHRF O NGRS 2 L CHET 2 B,
BREH VAT Ik > TEREDR EAIRFCE 2, Chic X o CTHIO CTHERN 2B
i LR ORI ENZERK T 2 C L3 TE B, ABC CTREHED 0., RFHHEE C
DNTREELTCwAVE, EBEOIF—A 2754 v+ 2ERETlE. MB o%&E% > —
HF 4 —The=2—Filllc4Tc, EHEHEOREZHAIAL,

RyTa—I
Schedule

1. XE»H X472 2—v / Rough schedule

T ULTIMATED KE AR T Y 2 —% GLAO & WFI % TR I,
GLAO, WFI & b IcBAFMEGTO 7 2 —XTH v, 2026 FE 2L H#VEX BT 5T
ETH 2, GLAO OEHEMD 5 b AIAREIFEIC O TR, BIFcRIM2ES 2%
B, FEITUCHEEZBIGL T b, BRI, 2027 FEICTER L 7 A BHEFT~ Ok
% o GLAO #EGE G & b CEREcOFMBRBRZ T 5o (UHE~OH%, HEsE
~OEHEE 2028 FFEICTT Vv HERERTE 23 HRREE, 2029 R RERBIII % 17 - 72 b
ULTIMATE i€ & 2 REEEREH (Subaru Strategic Program: SSP) #BAfh¥ %
LEBEELTV S,

JFY 2025 2026 2027 2028 2029
ASM production ASM s%ﬂ’“em
Sub-
GLAO [Pimipaes Production syésm -
Ag S Light
Final Design Subfsystem  Full-system
Review Acdeptance  Acceptance

Final design Production m %
WFI *

Final Design Review Acceptance

2. FARR TV 2—VORZERRA~DEE / Schedule impact on science
ULTIMATE 12 2029 = 3 v > a = v F%BRth L YEREFH % 17 - 7z k< SSP
BHIZBGT 2 FECTH b, CORZ. PFS o KIHEESBHIZSK T T 20HcH b |
F 1 2 =S, HSC. PES. %2 L T ULTIMATE i< X b ###t L TIRHRE I — < f Ic &
DLAY—F— 2RI 5 L CEEA XA IV TH DL, £ ULTIMATE o KH
B B2 BRLE T 2 R . Roman FHE@ESRIC X 2810 (2027 F4T EFFE) 28
frbicwnaii<d b, ULTIMATE-Roman OHFAEH] - FIRERIZ 1T 5 72D i
BHEECD > CGERANPAPEALA L C EPEETH S, T2 ULTIMATE K X 59—
NABHIE, ML 30m EEHICL D7 v —T v TBHIO OO HAMED X —F v b
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6.

EHHET 2 C LR TE B, AT 30m EESH A E) E HF 2030 FRPIEE (ELT &
2029 FECHIETE) ICAbETH—_ABHIC X 2T — 2 2 REF 5 T L 23KD
LbNTWD,

7adzo b cERTS
KE
Instrumentation of
the project

1. EfET2EE - 8l - ik &% EIR T 5547 / Description of the technology
to realize the investigations

HIRRZOFEL ED 5 b, HRICGEWEORED ¥DA % BINWICHET 2 LT, A
WIREFICIE Y & — 4 v 7 dEET 2 ERERHFEOLY (Ground Layer Adaptive Optics *
GLAO) %332 @S cE#k L. IR BIIC B » CTIARE 2 D R R E O iR
Bl ZFEHRT 5,

2. EfEd2ER - Bl - oML EERBETIHE - KilfICOWT, oiif. LU
ElfiTE D LLE / Comparisons of the selected technology with other
technologies

GLAO # w2 FRANRIAEE A > w»wTid, VLT ® GRAAL+HAWK-I ©4¢
frLcEHEINTwB, ULTIMATE cid\ VIT 023 X7 Fr Ty —A v 7
BRIF»D, MHEBOELERHEBLTVEEnwS=YF T TOHA FOF%ZIELL
Ty VLT & HRT4 5L 2289200 FhmAicb b VLT (FWHM=0.34") &b
b EIFAER (FWHM=0.25") 28oh 2 LI N T Db, 72\ THRNRIAEE
HwiGEE (WFD chwTd, SRLRFEE, PEHEHT + v 2 —2##E L, Euclid/
Roman & \» o 72 FRAMRFE U — ~ A Eimss & im0 2 e % 1204 2,

~ v TRILBICE T 5 XMREE N FEERFE OB H & LTk, Keck EiEEE X
Laser Tomography AO (LTAO). Gemini #i## X Multi-Conjugate AO (MCAO)
DR HED bNTH D, PAREFcEHTRAICE 2 SR EREOBME B L T2, %
7z~ GLAO # & ©/f7 L Tw 7 VLT © %, GRAAL+HAWK-I o & A % 2028 4
T oK EILL, AIEEREHTO MCAO KB & 2 0 ORFELED ONLTW 5,
ULTIMATE &\ 4% 8m K& o KM REHIREREE & Z—F 2 L x=—2 7
BB Rt 2,

3. REEB DT ELKEHE / Major functions of the proposed instrument

* GLAO (Ground Layer Adaptive Optics) : 313 2 EEHEHORIFEICEE S 1 5 AL
RIS, BEgFty X —t s v a VBORIBRICERI L DO AT ORESRER £
FTEL—F A FRERS AT L, her v v BricBRInsikEme sy +— (L—
F—HA FEFHE® v — x4, BRTA FEREHE Y ¥ —x4). ) TAZA4 L
B % 1T 5 HlfE > 2 7 L b R 5o

* WFI (Wide-Field Imager) : 373 2 #0711 7 L v HERICEEE 2 TR RER
RIEE, 14'x14° ORE% 4 RFICH T T ZNEFNORIBEICEYER L RHME2 =y
ML, 1 DDBEZGHIABCHERI NG, 74 L& —d 4 —VERIEEIC 3 OB
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AN, BEMNSTEHEO 7 42— %[RRI 2B TEDE 20Dk 4 =L
BEHINZT AN EZ—CDOnTE, BHICKER[EEL R DERETIC R > T 5,

WFI
« hETLUERICER

@ adoptica

HEHEISE

.+ 425~ 14 x14 (200 HHA) 'éi;ﬁ??ﬁfﬁ_,
« K&K:09-25um o IR 1 kK2
« EVRLRT—I: 0%1/pix (2kHz Bi®)

+ ISEBEOT LA —EREHC

o BEFNBIEETY Y FICHER
A

LGSWFS

K@tz 2 — (WES)

s 3R TXVINLEI Y~
(L—Y—H4 FELGSx4)
= tip/tilt, focus £ 24— -
(BRH 1 FE NGSx4) e

| 1) 7 )L 4 LA (RTC) ey
o N —

) L—v—siq pRERSRF A
V. ZEBOYA FHBADOL—Y—HE
ETIEE

D = . gg:gﬁSNC4omu—ﬁ—ﬁ4F
7.
7AYzy bCRBTS ULTIMATE <1 2020 £ 5 1> 2030 SREIHIC 20T 318 5 S 00 Wl
7% w75 (SSP) HETL. BOTAVIEE - & & 3 —F 5 RHHY 2 AR
Data to be obtained i - g7 1+ 1 % —OWIET — X X EHT 5o 4TECHRALEBD, TuY=2 b

F—LEET 2 ERBM T 0 77 LG TD3DTH S,
a) Y/] v F#o NB2 E w7 ~25.5-26.0 %k (5 0 ,AB) @ -~ 4 FHEOHE
b) K Sv Fo MB4 M%7 ~24.0-24.5 %% (5 0 ,AB) o -20 FHEOHEE
o) K~y P NB2 Mz ~24.0-24.5 %% (5 0 ,AB) ® - 4 FHEOHE

() RFHEERY GFHRE 8-9) o Ly o MIEMRFOBAEL EHME L, HtHED
Ly o MEKSRFI ORI S N Do %72 CDIFICE Y/] Ny FHED NB 7 — 4 i3,
KARE 1-2 GRAEORELY) o H o Hige (O] HiR I 2 2o\ FRE RO
SR ONEBEE % SO TAWIES THIRTE 3,

(b) BHFEFRH -5 ORER[AEE L z20BRE LI 2L 2FENE T2 DTH
5, Bric KNV FHEDOAPTY BREMD 7 4 v % — (K3/K4) i©>wTik. Roman
THREE DL WEEHTH Y, Roman D Ks X FTcray 77y I 28A%%
BT 2L, fhoPEs [ EECRRL TEHTE 2w ULTIMATE ofligEs & L <.
TAAANY —ZAR=2H K&, ¢ MBHEER. B EHEL <. FEsEsz R
RE=ZXY v /T 2HIEC X ) EAFHON AR EEEHELIEZ 5 L DFRETH %o

(o) FEREILREL (2~ 2-3) DR o H o R, [OlI] gz iEz 2 & 2 E
Hi& 4%, Roman ® Ks 70— FoNv K7 — 2 offi 5 fillic NB#EE%75 € & T
¥TED H o /[OI] R %2 EE i/ NEEIA (Wb dEeLT vy Try )
FCHRADC L EABEICT 2. E emREE R MER L eV — A 2T 5 € & C %
DIRFE BT 7 v TOR 7 —nic 33 %5, wINoFE H+ Euclid/Roman 7
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8.

0— KAV FF—Z23Fi58EE%2 2 —7 v bicd 5 &, ULTIMATE oiga % &K
[R3sHE-Cc% 2,

FERER
Key technologies

1. TERMTERLHARDP DELRITER / Key technologies and those
requiring further investment and development

e GLAO OEEH F> 27 hid, ERHUICEECT 32 ERELCHMOEREE CEIL SN

BifioHAEDLETRYIL>TED . T LBERALEAFMERIEIA W, GLAO
DEBZEMT v L v V3 CNETCAWEREEEZ I N—F 25 LTy 2DRDICH
BhA—FY 27 OWIEFIELH 72 CFIRT 2 LE LD 5,

s WFI 2w Td, FHAMWCE MOIRCS, SWIMS & v o7 g ToORBREERN
TEBEDOR T =T v 7 TH Y. TN bARPEBEAEMNER I A V. Ll EE
DREUCIC Xk 2 HFR D AFHEOBE . EFHEEAC X 2 BEBEIREINRE woZcTh
¥ CIC AR Hi 7 AEfRET BB EE & 8 %,

* ULTIMATE <l&. #iENS % o 70 ERAREENIC X 2 R A7 — 2 & v b 2
RO THEAET . TRNFAEE T — 4 Th 2FICh 2 MEEFIC X 2HEHRD
F=RTHDLIeD A TTA v, F—2D 2 F V) 7 4 FHliC B~ CTH 72 2 HeifiBE
HBBEL R D,

2. BN EEE O K EL T ESR / Assessment of uncertainties in
technologies

e GLAO o IEiRE: : T2 EEHERR R HENRFEILT 220, e ComERE
DESCATHEXFHCRIERBRA TE v, 2Dk, GLAO & o Rt 37l
B TOEBRECIToTHIBERD B, FIC, HHE Y — L ofloL 2Ky XEHHL
BENHHBEAL ZBORRZEHEOFHAIC DO W T OREEESKE v, AILREIS
BIMESTH 5720, TOEREZEOBRED D ICREHOBIEERABEL & b,
ULTIMATE <id\ v FABRRZAWARIEREISE O X 7 4 v F v T esEHl. R
Y — L EbE IR L ARy ZEHAL BV — TERERE AT 5 e AR X
7 — %R L. ERERBELTS FETH 5. T7o. HEE~OEHK D, 7L
REISROBENER L BEFEEFOENER 2V ST CENENORRIEEL T 279
DOEIRBHARRNE L A B,

HEF 20 o AcoMIEMERE : GLAO Bh & 7L vt g CTRADERE 20 2
HWEZ R Do C OB COEEFEOMEGIERE X ¢ 1L CBINIRICIREE E B R w23,
HEETA ETOFHEICE D, HFHt v —CKREHED & L FAIRFICHIE X N2 EREED
[EREINZEOFE R ZE L < FIEREIEL T 2. B@EFELET T LORNEMR, #
Her b —oEBHIABENCL2EREEEL, HHt Yy F—DT 74 A v FRE, ik
TRNBRIRGEEE O D Non-common path Error ##H L. 21 b2 EE L il %
175 7c o OEATFAFE P BE L 7 5,
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0.

o HRJERE O ¥ OFHAIEGN : GLAO OffiEEREEEERE O ¥ o mfERE b 1okt 3 28]
BICKRE L HEERZT 5 2 OBHIE RNICIT S 720 ICHIRERE S &% EREHIIT % %
D OFEMBAFEASBE L % %,

e WENFET— 2D I AV F 4 aviu—n v —4 v, HEBEDLXOESICKE L
ET 5 GLAO 7 — 2 %2 L. v Ay —F —x & LTt 2 20ic, 7 — %3
FIEL I CHFET 2 BERD 5,

3. BiIER i 0;ERAS Y / Assessment of heritages

GLAO &\ BFEOTEA2HENXRES AT LTHHRLNTWE Y T2 A LFI#EY 2
7 4 TOPTICAtto v —F—v 27 4, T2 EEFHCHAERATE oL —F— 1+ =
77 7 4 ffitEHF v 27 & (ULTIMATE-START) THw3 v v v 7 L b~ v EHE
v ¥ —, VLT % ELT ThHw» bhTw 3 AdOptica tt D W ZFEIH & v 5 e §TIcE
Rt T w2 iz ECHNT RS, CHOLDBFET Y 27 b & DK E ARSI
EHBEEEFORETH Y, L@ Y GLAO &b il BB 2 B 5,
WFI c2w»Tids MOIRCS, SWIMS # 27— T v 7 L7c#itt AhoTwn b, K
Hi, PEEE T a2 =t o F:— L R HITICOwTE. MOIRCS, SWIMS ©
BECHEMBARASEATRDE Ly TaTANY R T4 A2 —R EDHiEFRCOTHEH
Biic 2 b DB E ORI A FIHECH %o

7 — 2 fEHT FHEOFTEE LTids HSC CBIR X N T — X 54 7T 4 v & HRNE
F—2ICHIRT 5 C EAEXDND. £y PRIME € & 2iEHRNRY — <4 i b
HADEHATE 2 &2 b b, MELFRAOBITTFIEIC O wTi’E, SCEXAO % chs
PNTELAO TV A MY —F—2d &< PSE BHHEROFEIEHCE % A[HEMESR
5o

BEINDIAX}

Cost estimate

10.

GLAO &¢ WFIl o= x + BfEY (FY2022 ~ FY2029. ®A&&E 7 = — XLIBE) 1.
ZhZn 35.7 EM. 15.1 <. ULTIMATE £fk (GLAO+WFID) T#%i50.8 &
Mend, a2 FRED Ve NEBEED). AMEE%ZEFEL T3, BB,
RS D ORBECIE LT 10~ 50% O FHEEZEA TS, £/ AMFEICOWTR
BRTLOEKIGLTI~5% 04 v 7 LR Z{ELTHED s Tw»d, BlHIEE= I v
va v IETROMEERABRIE A TR ARV,

BfiAY 7— L5
BRI LB
Technical heritages,
technology
development status
and plan

1. FfiAYT—J LEAMTRAFEIKR / Technology heritage, development history
and status

ULTIMATE DBi3 A v N—id e E Tcic§ 1 3 EESEOHMENFEEORRE. EH
(AO36, AO188, RAVEN). Kk UIAHEEFARNGFEERIZE (MOIRCS, SWIMS) o
BA%E. ERORBREHET 2 A v A —CRHERINTWE, £, GLAO oZFEBIF#EE
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» 5 ANU <ix. Gemini EiZEE D ALTAIR, GeMS & \» o Z fllENFLEE O FHFEREER
b, HER VIT Ao MAVIS & w5 XIROMENRFZORFED TR > Twb, H
ZREISE ORI, EHIcOowTik. ULTIMATE 0¥ F — s clkc v TREB R &
Wi, g T LBT, VLT & v o7 8m k@ ICEH X N W AR % BIEL 72
AdOptica thic 82 FEL, ELT. GMT HIcT v 7 7'v — F & il 5 X % $RH
THET, INETOHEMNA~NY TV RBEPINT D, Tk, BIE, EHAECD
WTES BT 7 F 2z — 22 BEH L AIEREHEDO 2 vy a=v 72 {ThoTw D
TV FRE NTAKRZOHGHNEBTHRIELFEERF LB Y. 7132 EEHOAER
BISEASTERL T 5 2026 FEEZ CIcid. BIEHEORIENTE TS 2 RiARTH L, CDX
5 ULTIMATE oB3ik. c g COEMIA~NY 7 —Y % b LicfThhd L L bic,
BIERFEH D AO v 2 7 L OO EBEL T FifiRiTr ~rvixm L3 Tnd,

2. #1fiBFEEHE / Technology development plans

FEEOBEMI~NY T =Tz, 8.2 fiTik7 & 5 % ULTIMATE B o iy 7
BECOWTE. T v b2 4 TS 5 HCHANCHRERLZ1T5. LM BHETA -
Twd7a b x4 7RO L EERAEZ E L0 5,

* ULTIMATE-START (Laser Tomography Adaptive Optics) : GLAO & Rk 4
DOV —HF—HA FEDOKEZZHL, 400 v v 7~ b= vt v ¥ —TKRK
o WEHICHEST 2E L Y ¥ — %L T2, chick b, GLAO LF
U TOPTICA#O v —=F =% flvicL —F =74 FEERY X7 L0, 42D
Bl v Y — DOIEHH» O A ERSE L HIET 5 ) T2 A Ll 27 2 OB EZ T,
GLAO oBAZIC ST L CHINEREZ 1T 5 o FEDLFERAE O 7 — 2T TFAC D W TYH
HEREIH 7 — X 2t icEF R c& 3 L EE 2 b s, ULTIMATE-START @&k
REHOICHFERED DN T 523, BERE v ¥ — 2 27 53T A BHIFT~ L
EI N, EBRZECOPFEEITON TS, 2024 FEHICIUTEHER~ &k X ., 2025
FRICHBRBHZTT 50

RKRFEOETn 774 7 — T2 HEBEFHELEL L AKIED TOMEE T, F—L v —
A v 7 OHELEDHMEERED E0EIE® D 2 cvic, TE2HEESFEICY ¥ v 7
A b v —% 2 BEE L. 2 AOEE Y v Y — OZEEHEEE B Rk
WEE OO ¥ % #ETE T 5 SLODARELE, v vFL—v a vEREA-TERBORE
LERHETSZ MASSHEEHWCT B2 EBEFETCORKZEOEOHE S v 774 1%
BSd 2 8% TR >Twd, 2022-2024 EE T BB Z TV, FEELFEIL 2
k. GLAO o#lfllicgbd CMNIEEGFICEHR L ERT = 2 —Bll%EHT 2 FiE.

* WES opto-mechanical prototype : GLAO ¥ 2 7 & 1) 2 [LHREFAE OMECTH
% BRE OIREINE ORIEMERE, W€ v ¥ — R OENERICL 2T 74 AV b
REOHE RN S 5720 GLAO Hilt v ¥ — (L—%F—HA FEMY v v 7~
nhwverd—, HRTAFERAOT A v T 740 « T —NRARvH—) OFn
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24 TERBIEL T Db 2023 FE 2024 FREICEE, FHEZ TV, R EREEN L
74—]‘*/@77?50

o FaT ] b TARER - PRI T 4 v 2 — WL & 2% A - R 7 4
NE—% BT DL BFHE R o TR, X DELOfEBED 7 4 L2 —% T 5
e, 72T P TNV T4 i —%KELTw5, MOIRCS/SWIMS
Hic7a s 24 7%BAFT 5 C & ©, HRICEMET 2T 50

11.

7Y/ rDOYRIERE

Risk Management
Plan of the Project

T#ic, ULTIMATE ey b7 a s s n b, Eifi LofRERAY 2 27 ER &
ZOWIRE R T o U A7 EFERE (K =3, H =2, /h=1) LHEE (K=3, # =2,
IN=l) OBFEE LCEHBL. VR 2237 9REE, 4,6 5FE, 3LUT2EEDY
27 e L, HEH DY X7 05 E8RBHREET DL LTnd,

ID# REREE FEE Yyz%5 Bipitk Biptk 235Kz 3
A7 REHE FEE a7
YAOER BiER

TS LEDIRY

P1 | K ES N [ x
ORMBBRIZEZTOCIINDRBIE, Tl RBYRREICIELETREEZTE
HEZER, IZE%H. IRAMEBEEICER.

P2 | K | X x [

BEEL. MESICLIIREE, BE. WREERIZTYI TS
Z ARRRBYIC1EIOY—oU%EM
Z5%o

P3 | & BS 6 | /b ES

TOCIIrAEH. RXILOTE ENXXENDOEFEAE (RFHE,
BitiE) Ta7 AV —E R K.

P3 | = 6 | [

HERER R OMEAINELET S, HEABROIEBELEERAZLT. AT
Ta—LERER/DRIZT S,

BT EDYRY

T [ B 6 | /b [

GLAO Di*REMNEEZTESD FIEBICHITRMRBIESEDE=S
YT EITS. BRHE—FEAEL.
WEIGCTHEEDM EERS,

T2 | & [ & 4 m [

ULTIMATE DB EEBZICIYERED ZRBEOEE/NFVRERDOLSICHE
HEENLIET S, FEREL. BEICIGLTHIET4L2
—DREEITS.

T3 | & [ & 6 | [N
AEHEIEOERECORENEETEYE N7y TELTRRBRIZLDE
BELAELY, EFRERHILTES

T L & 6 | (&

WFI THRWAKOZRDAZREBRAAFT AFHEHELELTRERRHES
E, TS5,
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12.

RKXEAI2=T4D
FriurTeE 1 (TR D ERER
Strategy for the
Sustainability

of Astronomical
community

WEAFEAH% TMT 2 &t ERBIEES o [FEEH) cb b, TIEsHEEHFE
77y b7 x—L0E LTCHENXREHBCEDL 2 AMOERICEBTE 52, ULTIMATE
DOFENRERHEOFEEARA - F—TH 54— 7V 7D ANU &, VLT * GMT
ORENFEHBC EDL BN A 7 r—T%KF L. ULTIMATE %8 L 7R 7 r—7&
DRI A IIIC X > Ty BBEOEF AM B EEEFFE B cHFICK & < Pd 7 S
EBUC L OHIRFTE B,

F1E5 & LTk HSC - PES icfi K REIDFEBREBERRFH ey =7 bThHh, 300 ®
HE OGN v 77 4 (SSP) #chnpblE) LFTw e chTH b, SSP EEN
OISR C TR 3 2 e - KPR TRCTOF — A F— ZICT 7w ZAFHETH D |
HSC-SSP TEAED 2 3 2 =7 4 BREER L 2 & 5 Ic. BFIRE - KERESME D
TATFTCEHERI ATy 22 BAL. BRAEDOKAEN 2 3 2 =7 1 OiFMELIcD AR
2bDTHb. AHETETRENLT 2RI Ty =227 bk, Euclid (ESA) <
Roman (NASA) A EBKDAH I v av eREUAFRZAEIEZAREDL D, BPEMED
FIELTA T T CHERERL T IR, 5BROBRAEOHFMNERECE T S T
vy MIBO—2DEFAY —21Ch 5 B X . ULTIMATE <O RMNRIA
HEFEREFEOKNZ B2 I 2 =7 1 A bIcKE L. GREX-PLUS ~DMREE b #
FFC& 5,

F7BOBEE LT, rY 2 b EEL COEBRMAEERRIC S BBHTH 5,
7z & 2@\ ULTIMATE o F — 23370 e 2 Y, BN O E - FEHEESE O TR
BT 0 Y =7 b RO R CTIRMLAERESE B SUPER-IRNET) &2 of%
#lcH b, € ® SUPER-IRNET 0ofHFEO—2TH Y, Fx PHEXAFE AT L%k
FFAFL T3 A=A 7 U T FANR=VT 4 + V2V X=N7 v AOBFHTHE~L &
DRESHEAZZI 2 =T 4 AL, HFEFELBL THERC LPIFEFCEZ v, ThETF
HORFERRCIRXEABEEARER - MECTH V. RPEORILF2 I 2 =7 1 2K~
DIEDT 4 — F Ny 7 2RI N v,

Co-investigator and his/her role

Michitoshi Yoshida NAOJ ULTIMATE PI

Yosuke Minowa NAOJ Project Manager, GLAO/WFI development
Yusei Koyama NAOJ Project Scientist

Junichi Katakura NAOJ Project Controller

Masayuki Akiyama Tohoku Univ.  GLAO/WFI development, Science

Hirofumi Okita NAOJ GLAO development, ASM interface

Yoshito Ono NAOJ GLAO development, Control system manager
Shin Oya NAOJ GLAO development, ASM manager
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Yuhei Takagi

Yoko Tanaka

Koki Terao

Chihiro Tokoku
Yutaka Hayano
Takamasa Bando
Tadayuki Kodama
Kosuke Kushibiki
Kentrao Motohara
Masahiro Konishi
Ichi Tanaka
Takashi Hattori
Kumiko Morihana
Kenshi Yanagisawa
Sadman Al
Shiang-Yu Wang
Richard C. Y. Chou
Po-Chieh Yu
Noelia Martinez
Celine D'Orgeville
Joshua Carter
Hajime Ogane
David Chandler
Dionne Haynes
Roger Haynes
Joschua Hellemeier
Nick Herald
Andrew Kruse

Lu Wang

Jesse Cranney

NAOJ

NAOJ

NAOJ

NAOJ

NAOJ

NAOJ
Tohoku Univ.
NAOJ

Univ. of Tokyo
Univ. of Tokyo
NAOJ

NAOJ

NAOJ

NAOJ

NAOJ
ASIAA
ASIAA
ASIAA

ANU

ANU

ANU

ANU

ANU

ANU

ANU

ANU

ANU

ANU

ANU

ANU

ZaV VM ARREREZDRE

SHEF
e inr
/ML
FREfi—
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REEX
RKERA
REE
BARIEF
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EiIXXE
EiIXXE
EiIXXE
EiIXXE
RALKZE

EiIXXEB
EiIXXE
EiIXXE
EiIXXE

GLAO development, AO scientist

GLAO development, Optical engineer
GLAO development , AO scientist

GLAO development, Systems Engineer
GLAO development, Advisor

GLAO development, Control system Engineer
WFI PI, Science

WEFI Project Manager, Science

WFI development, Science

WFI development

WFI development, Science

WFI development

WFI development, Science

WFI development

WFI development, Science

ASIAA PI, GLAO/WFI development
GLAO development, Optical engineer
GLAO development, Calibration

ANU PI, GLAO development

ANU Co-PI

ANU Project Manager

GLAO development, AO scientist

GLAO development, Systems engineer
GLAO development, Systems engineer
GLAO development, Product assurance
GLAO development, AO scientist

GLAO development, Mechanical engineer
GLAO development, Optical enginer
GLAO development, Mechanical engineer

GLAO development, Control engineer

ULTIMATE PI
Oz o R— v — . GLAO/WFI BiS%
TaCHMFAIUTA4RE

Jovzyrarro—35—

GLAO/WFI B %, FlF#Et

GLAO FH%. AIEREIFEA2—T—X
GLAO FH%. flfEIRTR— v —

GLAO Bi%. AIEREIHR Y R—Iv—
GLAO FA%. AO LI TR
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EiXXE
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EiXXE
EMXXE
ASIAA
ASIAA
ASIAA
ANU

ANU

ANU

ANU

ANU

ANU

ANU

ANU

ANU

ANU

ANU

ANU

GLAO Fi%. AFIL DT
GLAO BE%. AO AT T« AL
GLAO A%, S RATLIVI=TF
GLAO B, 7R/ N1 H—
GLAO F%. RI#HRI =T
WFI PI, ®lZt&E

WFI 7AYot Rn—Dr—
WFI BA%, Rl
WFI B %

WFI %, BEigst

WFI BA%

WFI B%, ®lEi&it

WFI BA%

WFI B %, Rt

ASIAA PI, GLAO/WFI B %

GLAO BA%, ¥ =7
GLAO F%, BIEV AT L

ANU PI, GLAO Bfi%

ANU Co-PI

ANU 7ADzIrIR—Tv—
GLAO Fi%, AO 1T T4 R+
GLAO Fi%, VATLIVSZT
GLAO B, YATLIVSZT
GLAO Fi%, BRI

GLAO Bf%, AO Y/ IV T 4Rk
GLAO Bi%, #WRIL =T
GLAO BA%, 3T S=7
GLAO Bi%, #WRIL =T
GLAO Fi%, #lHIRI D=7
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Visible Extragalactic background RadiaTion
Exploration by CubeSat (VERTECS)

CubeSat i€ & 2 FHAPFOLERBHERI 7w 2 = 7
VERTECS
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E S
Summary Visible Extragalactic background RadiaTion

Exploration by CubeSat (VERTECS)
CubeSat (€ X 2 FH rIHDEHE RSB 7 m o = 7 |
VERTECS

Project Category
2. Other projects CRESEHHEIDIAN 0| & - [k 0T & UETE ORSE)

Abstract of science goals, objectives, and methods

Star formation history from early universe to the present epoch is one crucial
question in astronomy. To study the star formation history, measurement of the
extragalactic background light (EBL) is important since it includes entire radiation
emitted throughout the cosmic history. Earlier observations have shown that the
near-infrared EBL is several times brighter than integrated galaxy light, but origin
of the excess has not been concluded. Since objects in early and local universe

are expected to show different emission spectra in visible wavelengths, precise
visible observation is important to reveal the origin of the excess light. Objective
of the proposed project Visible Extragalactic background RadiaTion Exploration
by CubeSat (VERTECS) is to identify the origin of visible EBL. To achieve the
objective, VERTECS conducts the visible observation in 4 bands covering 400-
800 nm in space. Since detection sensitivity of the EBL is determined by the
product of telescope aperture and field of view, a small wide-field telescope system
enables the EBL observation with high sensitivity. In VERTECS, we develop a 6U
CubeSat equipped with a 3U size telescope optimized for observation of visible
EBL. To achieve the objective, the optics is 4.2deg times 4.2deg field of view and
effective aperture is 35mm. The mission requires precise attitude control of 10
arcseconds pointing stability over 1 minute exposure and high-speed mission data
transmission of more than 5Mbps. We develop the satellite in about 2 years and
obtain scientific results much more quickly than recent large astronomical-satellite

missions.

7Y/ rOBREMFEMN - HEOER

FHY2 CBAEICE S RIFBRSL 2 AT 5 C L@, RXFICHTIEEREDO &
DTH 5o FHERBSE RIERNORKT 2 HHOBETH Y | B KiEZ2EUXK
RIS D 235 % RS 2 7c O ICEE A BB TH 50 WD bRMROMEEIC B »
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T EFRARO T H T S R ARF O E I IC LTS 5\ € & 2R E N7 3,
Z DR L 2 2 RIKEREHCH 20 £ OREDOBERIL LT FHYIME 2 ZiLBEOKRK
PEERINICIRE I NTH Y. ThoOREBEFHAKRICET 2 AR P Lg% 2
CERTREING 720, AHDLICE T 2 SRS EREORIFFA O 7c o ICHE L 7
%0 2t CcARZrY =2+ VERTECS (Visible Extragalactic background RadiaTion
Exploration by CubeSat) ®HEyE, FIHDLICH T 5 FHE RBHOERBEHCTDH 5,
ZD7edic, 400-800nm (k1T % 4 R ICE T, FHERCAELOBHZITS.
FHE SRS OB X5 0% L HBORICKRES 5 7o NEAREFEEE ©F
HERBH 2 BMARECH 5 C LIGEH L, AT vy 27 FTik, 3U 34 XORHEH
EH B L 7 60U 3 A XoB/PNIRTEEZHES 20 AT vy =7 TR FI2F
&S B CRIUEE ZFFE L RO R LEE IC A~ Tl A > Ll Ic B2 R AN
% Hig 7

Principle Investigator
Name: Kei Sano
Affliation: Kyushu Institute of Technology
E-mail address: sano.kei288@mail kyutech.jp

7Yz MRE
R4 . 5% E
g FUNTERE
E-mail 7 F v % : sano.kei288@mail.kyutech.jp

Co-investigator and his/her role / 7Rz ¥ FHEIRRE L Z D1RE|

Prease refer to the attachment HlIfEZR

Estimate of total cost
300 million yen

#axbroRIEY
3 {EHM

Estimate of total FTE (Full-Time Equivalent) necessary to accomplish
the project

20 people year

7Y b RRICHDELHE FTE (AF) OREKY
20 A4
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1.

Duration of the project
FY2022-FY2027

70Yzy MR
2022 EEH© 2027 SEEE T

VAL A0} ¢

Science goals of the
project

2.

FHYA» OHAECE S RIFPRE 2 IS 2 C L d, RXFOEEFEDO ML O TH
D, RKFuY 7 b Clky FHOTRXCTOROEE CTH 2 FHE FHUH % /IEDLCBHIS
% C & Ty RIKBRSE 2 WERICIEIIS 5 C ¢ 2 B9

A= 24 JoY Sl =g
Science goals of the
project

B 1: AR h DERMRICETDTF
HESRFOBARREATOY
2+ VERTECS |2 & 2 8RR REH,
FEESRBAOBAEIL. RIARA
DEENEKIEI12ET S, VERTECS
TlE, AIEXIKRE 0.4-0.8 um I
HIF24BERFOHEBICLY, BB
K DEFEHIIRANO—FBEEHNFEH
ARG, Z IR T 5,

#Blw 7 v 38 CIBER (Cosmic Infrared Background Experiment) <. FRH4iR
KX 2 IRTS (Infrared Telescope in Space)s AKARI &ic & 2 BEI DGR, RN
ICE VT, FHERBH OB IE« OIRFOR LADELMEL Y b 24 fERE W
T hroTE (Ao CORRI D T ORRBEBOFHEE RMBE CEE % o
DIAHC KA OB W RIKHROBH R L GEND T L BRREND, £D XS Ak
REDBR & LT FHIMICHRI WAEIRT 7 v 7 5 — A EOFEHYREK (Yue et
al. 2013, MNRAS, 433, 1556) < HEHIRIITOFH TR E Wi~ v — T2
(Cooray et al. 2012, Nature, 490, 514) EAHERANICIRIBEI LT 523, FEEICES
T\, FEHYIIRE b DN E T (U 232E £ ORI SRFHEZER O
HHIKFRIC & o TRIRE N D 7cd AIHDEIRE T2 OMESHREARBICEE S 5 C L AT
aEnzd, —FHT, HEALEEOIRF A v —FHE D O OBE AR 7 F L& AP
ERDFHED 20 Lictio Ty AR S CTFEHERBES OB A <27 P v 2 HlIES
Tkl ZOEREATFHYREI I 0 —IHEEO TN 2 FHT 5 C L2
T& %,

VERTECS
102
St o EEE
- 6 178
T A ?n{%
0 f
o : | pr
E E 101— ’/”, i >
g - ,/ £ Zemcov+ 2017
®E T ﬁﬁ""t‘ -1 o
= IR P
|| TEgeRs
10304 06 0810 20 3.0 4.0
A (um)
BE
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B 2

3.

Dlkro, A7ay =7 + oOBREH %, FHAGDLE SRS OBHIC X > T, 2O
BERESFEHOIR A FERE GRA o — I R%) r&EHT 2L 32, o
HEYZER S 570, A7n =27 + VERTECS (Visible Extragalactic background
RadiaTion Exploration by CubeSat) <&\ 3U ¥4 XOE@EF 2 #EH L 72 6U ¥4 X
DE/NIREERFHEEST 2 (B 2),

| BRIt At/ SR |

| EoH@E1=y |

XHX{EH
SHXZEM

NASESa— |
Ly XL

7avzs FORFR
BERLBERORKL
Rationale for the
scientific goals and
objectives

1. BZHNEROIRY : AROBER. HZIPFOMFRIKR. % / Scientific
background, status of the relevant scientific area, etc.

VERTECS 22 X3 K& 2RI HER. FHEESMHOEAZ@E L <, RIFPHRE %
HIREINCHA D 2 IC T2 C L TH Do TNE THRIABROMED L Xy v T VFHEE
FERETHWT T I 2ROz FFE L LCEBNICERIT 2 C & TitbhTE %o
Bz &\ S DN B X X+ OB % AT~ FRAME 0.3-300 « m CEUHIS
T iic kb, SRR ARG D 79 130 (BERT (FTRE 2~ 6) F TORFHD
ERNE GRMEROIEE) ERHEL M CA >k LL, SRFOEFIEEIZ2 G505
F v TS BHCDH 51T EBH DB WERFICANA T AR5 L b, RAKRUATO 2
> 7 ORRcik SRFTEBEHORERIEZ Bk & TRlREE S o ERIER 72 FEB RIS &
BT vIc X SRR NRIEDS SR EZ VIR LR E KD WRIE~ & RET
%o BEIE N SR EMEEEPEA RN ARG cH D . £ OB NREEL L
THEINTVD, 20, SRR OBEDOHEHD /DI, BB NRIEPHE i3 5 7
KB EDERE N € — 2R ZYIFEI OHAEFT TN TAMELIC FARLFARD L
Koo 2, FHC FHYAOHERY (2>7) DEREENECH 2 IRESL T 7 v 7+ —
NES ZDOBROIFIEROETH 5 LEZ b, ZNORVD ENIE EFLEL 7o b % Bl
HIICIERAS % C & R RIKIER O~ DEFEIN A E 2 Ch b,

FHYPAOBIRIKIED THEL . 2N bR EBICEEIT 2 C L BRFFOY = — 4
RV zy 7FHEEFZ D> CLTHIRETH 5, KT vy =7 Tl ERAHK
DFHYADE/NREIC X 2 1 % HiED L 2 FHE R4 (EBL - Extragalactic
Backeround Light) #¥EHEICEEIY % ¢ & TRIEKEEE DO HitE S 5, EBL DK
FHART P ALEMII® b E R EESHRLBEH O€E 7V L S 5 € & T, B3 wKRKkD
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ERIEHIC AR 2 b N R RN RIFIEESE 2 KISHICH b 22 IcTE 5,

2. RETZ37ADz/ AV 7T MILESFICRICEL-5Z5¢T50D / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area

2. 7mY 27 b ORFEH TR X 5, AL O RARREOFHEE RS IC
KENDO R b OIH T B EFE N D FIREESE V. Tk, RIFEROTIICE T 5K
ERETH D, ATeY 27 bicBwT, FHDEOERD b FHYEO KK EEED
RED T NAFEHEERBEFNCEHE ST 2 0P HHCE 3 &, IRAEROMESFHICE T
REARELCADL LEZIDODND. T TNE TR OFHE RBEEENICRLL 2
ezl Maa L, AR COBRRERIRNERSKE L APEORIFEENTH 58
BEREOMHZZERCEC Ay (B, LaA>Ty KFuv 22 F AR UDTFEH
THAEERRE OEFECOWTHEEOEWERZ b b3 C L RliFEI 3,

L.RETI7/OVz/rave 7 oiERLBE, BE. KROMEOTASI b, B
% - AL DR / The competing power of the proposed project concept
and its relationship to past, current, and future other investigations and
projects.

R A E & LT KCF 2 S UFHPP RO BAFE G AREUL, @b EATE D,
Iy v avREELORIFEREXB2ECIC 10202 ET 2 LFEBILLTWS, %
X oT, MABEDTAT T2 F CICEBTES, RACRIL 224 L) —BTATT
DEELTnd, 2C Ty 2-3F LS HHIMCRBINICI vy a v EERLTWC L
DEECHLLEZ, KRInY 27 b 2B ko FHERBE ORI X =5 0%
LB OBICIKET 2 720, /MNIO KB EESE CFHE =B 2 BllviEch b C L iC
EHL. A7vv 7 btk 3U A4 XOEREEEEZEH L & 6U 4 XofE/NEl
RKXEE%RFATT 50

2020 FRICTFE I N TV 2 FHERBHER 7w = 7 F VERTECS. SPHEREx.
CIBER-2 o#lflliEE s X CERIsHEERE O g% X 3 /r3 o NASA ®» MIDEX I v
va VICEEINT» 3 REAE SPHEREx ©lidy i RN EE CORERY — <4 21T
w, IERNRECOFEE RBURERIZ Ef T 5, RNEEEF 2 #EH 3 % SPHEREx &
%70, VERTECS "R T 2 R R FIHETH 2 2 D BHIEE 2 GH 3 2 LER 7%
(N VY — ARRER A/ R R CEBRECH 5, BEFAFKDO X P LT 5 L,
SPHEREx Ic tb_T VERTECS & 100 5o 1 #E<H Y A28 SPHEREx & tH#HY
AN O FHE RBHBHIC S T 2 RIFREREH T 2 C e I NS D, A2V
Z [ a2 DEECTRICEREEVWI vy a v THEEEL D,

K7wv Yz MEEREFEO—EIE NASA o@lln 7 v + ZFIH L 75 HE SRR
B CIBER-2 0T\ 5, &ille 7 v b CREHEIERZ 10 0RBE RO 525, HE
» VERTECS <cid 1 L k& w5 REOBEIZAEETH ) . L W EEOEWEHZ 5
Hc& 3, MAEF. BHEES X CBRIEECE L <HEENABERCS . VERTECS
& CIBER-2 Dy F v —ic X 5T, MEMNICFEHESBHOMELHEET 2,
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B 3: 2020 ERICFEINTVWEF
HESMSERN TN s bo Lk

4.

BRI R EE
(x1%) [sq.deg] NASA SPHEREXx (202544 )

e N i E 085 um 2 EH—~(

ESS |ARKFTed=21 O
10,000 |
’ — VERTECS (20254 ?)
1000 b JRE 0.4~0.8 pm [EigH—~ o
ARERHEO—Hr B |
100 NASAE]804y ~CIBER-2
10 (20214 ~2025%)
B I
KR 0.5~2 um [REfEE
| | L1111 | | 1 |
0.3 0.5 1 2 3 5

BURALR & G0 [pum]

7RV MIEETD
3 A

Scientific
investigations of the
project

S.

REEMZERT 27c0iIc, Try =7 P CEETE b0, HE 0408 2 m D 4~
vFieEsd s, EEMER 10D ECOFHERMHKFBEED 7 — 2 TH 5, HFT
LEUT — 2 O 2 b FEHERBH 2 HET 5 cHICFE. 2 ORTFEETH 2 #HiE
(Zodiacal light: ZL). 2755t (Integrated starlight: ISL)\ $R#HEADE (Diffuse
Galactic light: DGL) #8#ll7 — 2 5Ol $ 2 3 2 LEADH 5o HIRILOFH % Elie
L7 ko, 1 EEMoBHI» b, F5HENL 10 D L coFHERMHKRIEE D7 — 2 %
HUS 3 2 700 DUEREE R 2 BiET L 7co EEAMEREEOR % TRICR T

Ex i

EREXFR BAZHOEE 35mm
HINEEF 4.2 x 4.2
RHEER B 3k x 3k

BEEMR 0.1epsAF
FiAH LMEZ e

fERRE M 10%A /19
LS SEEIDE Y 0.1%
BAlT — 23X (ERE 5 MbpslE

Ra—
Schedule

1. XEHH R4 2—v / Rough schedule

KV 27 VOREPAAT Y 2— L% FRICKRT,

AK7wYx 7 bk, JAXA-SMASH (Small Satellite Rush) Program (C 4R & T
O 2022 FE» LEEFB LG L T 5, 2024 FRICEHE EM OB %25ET L,
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2. ARRTVa—LVOREZEREANDEE / Schedule impact on science
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7nvzy bCERTS

4k
KB

Instrumentation of
the project

1. BT 2EE - 8l - 2k &% EIR I 55HiT / Description of the technology
to realize the investigations
JERR B O R SEEIHIZEE B X SRS 2 1T 5 #8/ N R o~ 2l

2. BT 2R - il - pMBEEZRRTIHE - BilficOWT, o, LU
FELIEET & D LB / Comparisons of the selected technology with other
technologies
HE | EAZE2 2 IAHEHEZESE L. BEOFHE RMSERI = 7 » +3EE CIBER.

CIBER-2 ZIC B TR EELRD 5, cN b OEEHE B EHPH & L, THRMNE
BEEND OBHANDOBENRD 525, VERTECS 0B ER AR TS 5720, HH]
DOWBEF B\, —F Ty VERTECS o8& 1%, tFR%2E 10cm DN & v 5 s
I3 2 DB H D . HFRETOEMIIEBEARBER L &1 5.

ZBFIERICOWTE, JPL/MIT <h% X . KEE & FHED 6U 44 X0/
KR ASTERIACB T, A7ve Yz 7 b TcHEAT S 1U 44 XoLBG(#H2 = »
FEEEL, BAL L OZBLERCTORNBREBHELEHL TS,
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3. REKREDEELHEE / Major functions of the proposed instrument
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8.

FERHESR 1. TERMTERLHARDP DELRITER / Key technologies and those
Key technologies requiring further investment and development
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2. BT EE DR ELHIITESR / Assessment of uncertainties in
technologies
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3. AFEEii ;&AM / Assessment of heritages
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BEINSDIXLE
Cost estimate

10.
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Technical heritages,
technology
development status
and plan

1. FEifiAYTF—2 LEATRFEIRR / Technology heritage, development history

and status
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Blue Canyon Technologies®#i &R E & FH 2 = » FXACT-15(ZTRL 7
(2023 State of the Art Small Spacecraft Technology Report& )
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DHV Technologies A 8154 2 B KEE /< FILIZTRL 7
(2023 State of the Art Small Spacecraft Technology Report& )
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2. #filifFETE / Technology development plans

BIMERICOWT, FHEZL IO WTik. BBM % v CEZHA cOEIFRAE
BEHT S, 20K RERTBRNCHES L BA Vv E—T 22— &LV AT 12K
DORERERER. MEREABR % EfE T 5. WITL CHEOBWEDFTEID 0 IC, BlEEET L
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7Rz FOYRIER

Risk Management
Plan of the Project

ATul 7 FORHRE LT, FIH EFrs y b2, BERGERCTRELTANE
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12.

KXEFEIAZI2=F14D
s rTRETE ICRE H B LR

Strategy for the
Sustainability
of Astronomical
community

HACKR S S HAN A FHEBEFEOF R & L CORKEEFIREULAEA T I v 3
VIRED LEHIZ ER L CRIEREEZE S T 10 L b C ENERIELTw S,
ZDID, 270V FOBEN ALKELY T TC—EBL TRV L W RBEET
LEFMREVLDPECTH DL L MERD L, 2T, ATuy =7 b, RXEE%
2-3 LS EEARICRAE L. RIFEEHIZITS C LT SIBEOLLI AT ey = 7 + OIf
TRV ECERBRTLICLEBELC, FRUCT ey =27 b REET L AMEE
Kt bCe®MS. £y RX 0V x 7 F OHEEICIE, BIEWEERZ T TR, Y27
LTHEHEOTHENBRHMADBEL ALk, RKTuv 27 2@ L CETEOR S CHEE
LAAMERZIES . EBic, K7 vz 2 ME. 40 UL T OETHIZEE & FE2E 30
ZLUESIL, FHEBE L NMBERZED 2RHE AL L R->Tnb, % k. HEHISE.
TEMRENRET 2F — LK e LTH Y, FEROFHETHEI v a v &5 AME
BICEHBRL T\ 5,

Ebic, AZSOMRED Ty 27  %iBLEAMER. Biffifkkz kit 5 2o, K
Zayx s b CHET 2 EBELEHIE AN X oM@k e, @/NIBRECX RIS n
PVl bV ) =X EHET S, RXTueY s FicfRbd, E/NEBEEZFIAL 2%
Ay v a v ol BEAILE NN X OB HIEd .

AIRE EFERZFEEV AT

Co-investigator and his/her role

Nakagawa Takao (Tokyo City University , ISAS/JAXA) : Vice Principal Investigator
Matsuura Shuji (Kwansei Gakuin University) : Leader of mission payload development
Takimoto Kohji ISAS/JAXA) : Mission payload development

Hashimoto Ryo (Kwansei Gakuin University) : Mission payload development

Hirose Yuki (Kwansei Gakuin University) : Mission payload development

Ofuji Yusuke (Kwansei Gakuin University) : Mission payload development

Iwaki Taiko (Kwansei Gakuin University) : Mission payload development

Tsumura Kohji (Tokyo City University) : Mission payload development

Wada Takehiko (National Astronomical Observatory of Japan) : Mission payload development
Takahashi Aoi (ISAS/JAXA) : Leader of science investigation

Yasuda Yoshinao (SOKENDAI : Science investigation

Ojika Akimasa (Kwansei Gakuin University) : Science investigation

Tsumoto Akane (Kwansei Gakuin University) : Science investigation

Tome Yuto (Kyushu Institute of Technology) : Science investigation

Nishioka Masahiro (SOKENDALI) : Science investigation
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Kurosaki Kana (Kyushu Institute of Technology) : Science investigation

Ebisu Maiki (Kwansei Gakuin University) * Science investigation

Obhara Yuki (Kwansei Gakuin University) : Science investigation

Kawahara Hajime (ISAS/JAXA) : Science investigation

Schulz Victor Hugo (Kyushu Institute of Technology) : Command & Data Handling subsystem
Abdulla Hil Kafi (Kyushu Institute of Technology) : Command & Data Handling subsystem
Keenan Alexsei Aamir Chatar (Kyushu Institute of Technology) : Command & Data Handling
subsystem

Otani Yukihisa (Kyushu Institute of Technology) : Command & Data Handling subsystem
Fielding Ezra (Kyushu Institute of Technology) : Command & Data Handling subsystem
Karen Vidaurre (Kyushu Institute of Technology) : Command & Data Handling subsystem
Miyagawa Hiroki (Kyushu Institute of Technology) : Command & Data Handling subsystem
Tanaka Kazuaki (Kyushu Institute of Technology) : Command & Data Handling subsystem
Babu Vishwanath Hemath Kumar (Kyushu Institute of Technology) : Electric power subsystem
Necmi Cihan Orger (Kyushu Institute of Technology) : Electric power subsystem

Hari Ram Shrestha (Kyushu Institute of Technology) : Electric power subsystem

Chinathip Narongphun (Kyushu Institute of Technology) : Electric power subsystem
Nakagawa Shunsuke (Kyushu Institute of Technology) : Electric power subsystem

Ndukayo Zamba Leonel (Kyushu Institute of Technology) : Electric power subsystem
Fukumoto Emino (Kyushu Institute of Technology) : Electric power subsystem

Kato Isami (Kyushu Institute of Technology) : Electric power subsystem

Jose Rodrigo Cordova-Alarcon (Kyushu Institute of Technology) : Attitude determination and
control subsystem

Wenceslao Bejarano (Kyushu Institute of Technology) * Attitude determination and control
subsystem

Tanaka Hayato (Institute of Science Tokyo) : Attitude determination and control subsystem
Ikeda Akihiro (Kyushu Institute of Technology) : Attitude determination and control subsystem
Eliza Sapkota (Kyushu Institute of Technology) : Attitude determination and control subsystem
Ikari Satoshi (The University of Tokyo) : Attitude determination and control subsystem

Jikuya Ichiro (Kanazawa University) : Attitude determination and control subsystem

Eyoas Ergetu Areda (Kyushu Institute of Technology) : Structure subsystem

Kawasaki Hisataka (Kyushu Institute of Technology) : Structure subsystem

Morelle Bernard Andre Bastien (Kyushu Institute of Technology) : Structure subsystem

Dai David (Kyushu Institute of Technology) : Structure subsystem

Yabumoto Shoki (Kyushu Institute of Technology) : Structure subsystem

Masuno Hayato (Kyushu Institute of Technology) : Structure subsystem

Enokidani Umi (ISAS/JAXA ) : Structure subsystem

Masui Hirokazu (Kyushu Institute of Technology) : Structure subsystem

Reynel Josue Galindo Rosales (Kyushu Institute of Technology) : Thermal subsystem

Marco Rosa (Kyushu Institute of Technology) : Thermal subsystem
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Tsurumoto Kohei (Kyushu Institute of Technology) : Thermal subsystem

Karaki Shohei (Kyushu Institute of Technology) : Thermal subsystem

Arakawa Chisato (Kyushu Institute of Technology) : Thermal subsystem

Miyajima Sota (Kyushu Institute of Technology) : Thermal subsystem

Nakayama Daisuke (Kyushu Institute of Technology) : Ground & communication subsystem
Raihana Shams Islam Antara (Kyushu Institute of Technology) : Ground & communication
subsystem

Iwaki Yusuke (Kyushu Institute of Technology) : Ground & communication subsystem
Hayashi Shunya (Kyushu Institute of Technology) : Ground & communication subsystem
Sayanju Sirash (Kyushu Institute of Technology) : Ground & communication subsystem

Oho Arisa (Kyushu Institute of Technology) : Ground & communication subsystem
Hayashida Kentaro (Kyushu Institute of Technology) : Ground & communication subsystem
Sato Rin (Kyushu Institute of Technology) : Ground & communication subsystem

Fuse Tetsuhito (Kyushu Institute of Technology) : Ground & communication subsystem
Matsuhara Hideo (ISAS/JAXA) : Ground & communication subsystem

Isobe Naoki (ISAS/JAXA) : Ground & communication subsystem

Goto Tomotsugu (National Tsing Hua University) : Ground & communication subsystem
Hashimoto Tetsuya (National Chung Hsing University) : Ground & communication subsystem
Yamasaki Shotaro (National Chung Hsing University) : Ground & communication subsystem
Wada Tomoki (National Chung Hsing University) : Ground & communication subsystem
Chen Yu-An (National Tsing Hua University) : Ground & communication subsystem

Chang William (National Chung Hsing University) : Ground & communication subsystem
Cossas K. W. WU (National Tsing Hua University) : Ground & communication subsystem
Howard J. H. CHUANG (National Chung Hsing University) : Ground & communication
subsystem

Hamada Kaito (Kyushu Institute of Technology) : Satellite development assistance

Miyamoto Kota (Kyushu Institute of Technology) : Satellite development assistance

Koga Chiaki (Kyushu Institute of Technology) : Satellite development assistance

Cho Mengu (Kyushu Institute of Technology) : Satellite development assistance

Kitamura Kentaro (Kyushu Institute of Technology) : Satellite development assistance
Teramoto Mariko (Kyushu Institute of Technology) : Satellite development assistance
Yamauchi Takashi (Kyushu Institute of Technology) : Satellite development assistance
Aoyanagi Yoshihide (University of Fukui) : Satellite development assistance

Miyazaki Yasuyuki ISAS/JAXA) : Satellite development assistance

Yatsu Yoichi (Institute of Science Tokyo) : Attitude determination and control subsystem
development assistance

Funase Ryu (ISAS/JAXA) : Attitude determination and control subsystem development assistance
Hirako Keiichi (ISAS/JAXA) : Attitude determination and control subsystem development

assistance
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Astronomy with Super-Precise Spectroscopic Observations
FEFG 0 EBHANC X 2 R
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B=

Summary

Astronomy with Super-Precise Spectroscopic

Observations
RERE B RN X 5 R

Project Category
2. Other projects (RESGEHEIDIAN 0| & - [k 0T % & UEtE ORSE)

Abstract of science goals, objectives, and methods

By developing a new spectrograph for Okayama 188cm telescope and Seimei

telescope and upgrading a high dispersion spectrograph of Subaru telescope,

we realize a high dispersion spectrograph that combines super-high wavelength

resolution (Super-HR; R>300,000) , super-wide wavelength range (UV to NIR)

super-high precision (radial-velocity (RV) measurement precision <~10 cm/s) ,

and super-high temporal resolution (<~10 sec) , and push forward the following

researches;

A. Determine the distribution of terrestrial and larger exoplanets orbiting various
types of stars in the solar neighborhood, and reveal the properties of planetary
atmospheres (chemical composition, spatial structure, motion, etc.) .

B. Clarify chemical and isotopic compositions of stars, novae, interstellar matter,
circum-galactic and inter-galactic matter, etc., and provide strong constraints
on the nucleosynthesis processes in the universe and the chemical evolutionary
history of the universe.

C. Characterize various time-scale variations of stars through spectral line profiles
to establish a dynamic picture of stellar atmospheres.

This project will pioneer a new field of astronomical research called “super-
precise spectroscopic observation.” It will elucidate the diversity of planets in the
universe, their origins and evolution, and the origins and evolution of elements,
while deepening our understanding of stars as fundamental building blocks of the

universe.

7RV L OBRLHFEN - HEOER

R 188cm EiESHT « ¢\ D WEESIH OFEE DB LR OFIFE & 313 2 EEF O
SR HDS o7 v 7271 — Fic Xk o CTOl@EE SR (R>30 77) GBIAB R, (%
W~iEFro) . BEREE (REEERIERE <10cm/s) @ERHEO#HE (<"10%) %
SN A Tem i Bt 2 EB L. BT ORICATEZ BT %,
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A. KEGiEE ok« BEE % R 2 MIKBIRED LORESHEZHO M CT 5, F 7.
RERKJIORHE (ILFEHR. 2 F2REs . EEE) 2L T %,

B.[HE. $1E. ERWE. |HEL - BAEMESEOTER - FMEHEKRZIAS 2L,
FHICHT 2 LRENT vt R EFHIEFAELRICRAFIREZ 5 X %0

C. HE DB # nIRREIREO LB R R ORHEEL 2 <7 M ViR & B L CHL 2 C L, H
ERKJ OB AHBER LT 5,

K7ayz7 bicXoT NBEED B & S5FH L WREOWES B2 AL
FHICE T 2REDOSHM & 2 ol - #{bs X R oER - #e i FHT 2 & & i,
FHOERERER L L ColEE T 2Bz FRILx &5,

Principle Investigator
Name: Bun’ei Sato
Affliction: Institute of Science Tokyo

E-mail address: satobn@eps.sci.isct.ac.jp

7AY 7 MIRE
A« e
T « SRR

E-mail 7 F v 2 : satobn@eps.sci.isct.ac.jp

Estimate of total cost
811,000 KJPY

BaxXroREY
811,000 +H

Estimate of total FTE (Full-Time Equivalent) necessary to accomplish
the project

34.0 FTE - yr

7aY 7 b RRICHELE FTE (AF) ORKY
34.0 N5

Duration of the project
FY 2025-2034

70z bEHERR
2025 ~ 2034
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1.

7AYz/DEE

Science goals of the
project

2.

FHICET 2EREDOLHE L 2 O - #ibs X UTTHROENR - #E2MAT s L 2D
i\ FHOEAERER L LCoERICHT 2L HRIEE ¢ 5

ZRAYzs roRFEER
Science goals of the
project

3.

AK7wy =7 bk BElESHAE (LRESHEE R>30 5) . @RS (BN~
RN BERE EBREEHERSE <10cm/s) . BERES#E (<"10%) zifh
i 2 7= B tiR 2 EB L . LIFORCEME 2 B ICERT 5.0

MEBEM A KREGIEEE O« R HE 2 ARl 2 MR EL EORESHZH LT 5,
¥ 70, BERZKORME (B, DF2ESM. EB%) 22T %,
MEZBEMB. HE, W&, EFRWHE. RAEY - SREFEWEEOITTE - FINRHERZ B O 2
L, FHICB T 2TTREGRT 1 & R L FHIMEFELCRAFHIEEZ 52 5,
MFEBRM C.HEDOK « ZRHIRNEOLBHRROFHELZ 2~ 7 M ViR 2@ L T L A
L, HERKOBH KB EZHELT 5,

TNODOHWEZERT 57D, THE TR 188cm &S Ths - T & Al E7#L
ot e IO ERRIERECH 5 R = 4] &M\ 7 G SRR I E Bt 2 — B
&AL X R 7HRIE I H EE T 188cm BEiEH & £ O WEESEHICHRET 5, chvz
M7 ANERERR 2 HEMET 2 & &b, FERMC 30m EiEH (TMT) ~0ER% 1
BIc AN BN Z1T 50 7. TRZ2EEHROSDESIEHEHDS 27 v 77 L —
F L. @R MREE. BIANRER. BEE. B o it E-o < BigwE o tEl
ZEHT 5,

7asz/ FORIFR
BERLBERORKL
Rationale for the
scientific goals and
objectives

1. BZHNEROIRY : AROER. HXIPFOMRINR. F / Scientific
background, status of the relevant scientific area, etc.

RK7vy =7 Tk, Rifficii~7c 3 >ORFEEINICKH L <, ML 188cm Sz « &
WOWEEREAOFBESHBORK L TEIEREEFEHDS o7 v 77 v —F (F[fHF X
IZERAOEYL) KX b, DIToWsEx T %,

(R=ZEMA]

o KEGEREDEEDHEBEHE L L AR P VIRERE AL 2 i~ RERIcE > Cx
=2 -8Bl EEESHORE LR - #HIEL > oM 2 REOFEEZFH S,

s BICHERAPRERRIPOKRA RIEF - 0F - A v eREL, ZhbooXRERKHICE
572 - HEDHEHEES 50

PART III: Astronomy with Super-Precise Spectroscopic Observations 186



B ERRDEF DRI

REOHEIC X >CHlERC I N2 EEDOEH % A7 P VIRIEROKEZL L LT
bz DEMTFE (Fv 77 %R EFIH L 7BRREREE) 1. KGR OEE % O HEkE!
RE B0tk 2HATIRANOFERTDH 5, K. BHBIHORRERIC X b HEEH
FERIENEE 38t cm/s IR E Tl ELTWw 323, [HEHSOXRMEHIC X 2 HELH)
BENLVEEREL BLOMIKBRHOREABEE L AoTwd, TNERNT 570
< BEWE S REEEIRIC X 2 EEWRINEE C & ORRERERZSE) O FEH 2 T E o M 238k
ENDODH 5,

¥ 7cy @OEORBIIC X o TRICENERZERTH D5 F D22/ D IE—Fk: -
BERR 250 TE D B ARIGRICH L CRE 0 HESHE X ) 507/ 2oEfE o #EE
(~ 1km/s ;s R-3075) € X 2RO BEWERTHE I hWo0H %,

(#1% B B]

o/ z— Y — R R 2 BUAIL . SRIRIRRIEIR 77 2 - [FIfZIR, 5 X VSRR E % #e
T3

o ENBORY VY LENAERIGREE HIE L FIEOBRHERL AR NETHEC X -
THEMMCY 79 &L 2 TREY ECHEST 2,

o EEMNBICHEET 5 r 7t AR A ZHOSBEBRZETHEL . Z DMK % —
vEFEET 5.

o JFFARZ P AKRICHN 2 FENARIC X 2 b rhifonZx AL, HE S X UCERY
Bo) F v LLELROFRNAHEBR L EZIET %,

BEEM RS EFDIRR

SR E DI FEREE 7 L DIRFEIC L E R TR N & & HRIR R SR 4515
T 57D, BEFOESEI R CRIERARD 5, I TOEm KR SHEEC X 2 B
DBEBFELEEERZEOBHFIZDECRONT w272, MaAHIEEOAECET
NDBREED 7eDICZ LV EZL DT — 2 %155 BERD 5,

% 7o FIRZAHHEC L O HIE (X TCRAHBGHIE (I R 2 L Bl IER D7 vo IR RREIC
Mz <@ SIN b ERE N B 70 ROBEEFHABETDH D\ 8-10m HEEF ICHE
SIRRE 20 TR B R DB, KD bND,

(R#B# C]
o kA RIEED AR M VIR E L 2 0 X 2 EE CHlE L, [EE1EE) & offE
EHET 5. o, BWAEERKET VERIES %,

BERA R 5 EF DR

B2 HERKE T L OBERIITZEER L T\ 228, Bl X > CTHREEFRE AN ik
ZIERBDHRCEEON TS, fDEEIC X 2RO 7o, HEBHIHOHEEK
RIIREE - BrlH O REED LR 2RO b b o
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2. RETZ700z/ b avE T MIEERSBFICRICZD=HZ5ET5DD / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area
AKF7wv s b CERBING 2T ABEKESHRED LD BEiEES
fRERE - [NEERBEHRAA A — Y X 74 =R 2 2 EWEOFHIMIE. MROEHAIERE C
IGHFBETH 20 & biC, BERE S HFRERIHI A FTRE AT FEFE DE L v KTHE CMOS
HA T DI TR L N CEEL ., FTEREBICHT L b TE %,
¥ e FERIICHIZ ERD X 5 BB ISR E D7D LB S,
- EREHEREERIEC X 2 MBS e o LEREE (WY
- HIERRIERE 0 RIC X 5. FEROFEMBHIO 00 2 —7 » MM (RERY, 72
Fa g Aoy —)
c RERSH 0N F A EORINERO 5B X 5 CRIV) REERHOREDFE L WiEHR (H
KRB X ERERYE)

JL.RETI/OVz/rave 7 oiEREBE, BE. KROMEOTASI b, B
% - AL DR / The competing power of the proposed project concept
and its relationship to past, current, and future other investigations and
projects.
B7avzs tarvE7 F0iEH
< AIEEEDBUIICIC B T DR E R RAE [ R4 ) 2HICERMET 2 (FERIC
& 10cm/s LU OERGHEEHIERE 2 fREFC AN T 5),
T O THIBIC I W THE—Y T m/s OTRKREE RIS RS 22K AT RE A BIHIE R 7 0
B2
- BRI AFIAATREC. RNREFERCREIL T WA BEHHEEECTH 5 188cm
YiEGr i, B2 »wRBEEEICH T 2 52 Th R OTE > REIRIc k&~
EfEEAREE T = 2 — B2 EETE 5,
- ERMREoBmIEZH S L CcHEEMICEMN A, 30 F 2 w5 188cm HEHFICHT 3
BRSHAR 2 BT %,
- R-25 TREOBEBEESHRESIEHEIHATC2EHRE L iR, KFry 2y
b DN FEREFRESLE (RX2 ) pMERINDC L, IN—F 2 HEE
DIRE (EN~EFRN) | ERATREA R 2 f#RE (<10#) oRcARTrY 27 bic
BB 56
cBURAER i3 % - HDS. BR<id VLT - UVES o &538M8 (>300nm) &
B ZZTCE 270, AROBBRZE. FE. 7 = —V —RIEEROBRENIT AT
vYx s OMESE VIG5,

W%, BE. REOMOTAY 7 L, HE - BELOBER
c A7 m Yz biE 188cm HiEsE & maHstEs HIDES <€ 20 2L e - T 5
T & e MBS BRI EH M 2 — R L RESE 2 b DTH b,
cARKTmY 27 biE, 20 FLLEICHE 5 T 188cm B Tkt L T & 2 KBRLE. E
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4.

ErWRE LARNRERROBHEIBIFZ S biciEE L. £ ERAPOREOERY
%)EJ‘E\EVCTé HOTH B,

cAK7my s b g, RBEBOKBRIER 7K 2 KRR, TMT £

HWO coFEMEBAONREZD 52dDTHY, chbDTrY 2 bADEX—
7y MEEOEKRE N E D Do

- BfE, TR EEFOES LS HDS ~08AR#EA T IR =24 (HDS =

) 1 188cm FiEH HIDES-F eI KL= 4 1, 2 SHEOEREZ b &ic
WRINE I SGHTH D, M7 vy =7 b REZCBEELCH Y HDS =2 2 0FF3-
BEHATHEONIHAGE, A7 vy 27 b CHFET 5 188cm HiES « &\ WEEE
OB ks L URI 2 4 4 SHEICEN SN D,

© T35 2 THRENE T B BRIRFEE DY & v 7 AT & B EER (Ulera-Dopplers

HERE « EFTTHE) & @, KX 2 L2 Z ORI E B b 2 B9 A4
TV AICBELTHERZHL, LA LED TR,

s AKTuY 27 b CHBOLNSEINN - BEEIEIRIE, 20RX0FTE S TMT ~0#E#

ZHETRI 2 L5 5B X UETHIEHRREDN—Z L 1 b,

- 315 HDS o7 — 2 &, FE—4%4 b oBEMHEEESL, TMT 2 AiEx 7

Bl =2 —BHIOWH T — 2 & LCHRIHCE 2 A[REMER D 5

cAKFuPzr bickh, ORORZZ I EDOEEREE (FiES - EnH\» - 188cm)

CTHEFDLBIAFER T 5, chick b, Bix 22 X OB RICH L Tk~ 7%
ZA DWAT — A COBKERE D BRI L REC 2 0 . BB 2 —KUCES
5T ENTE D,

Z7AYzIMDEET S
5

Scientific
investigations of the
project

W7a> ) FHEBTIHD
c KEBEBE ORI 4 SR L VHB WKBRIECKH LT, ~E 2 Ty — v LR HERR

KE*KRETE2HE, BEOARZ PEHIT—2 (F& LT 188cm EHiEs - €\

WEEESE)

- RE, HE, HE. ERWHE. REEL - SRAEWES 0T - RIMEEKOE 2

TEX3HE, BoARZ FAERIF— % (F& LTTE3EES)

BZNZERT B-HICHELEEER
cHI4EE XYL WREBRECKH LT 3 FEMICHE > Tm 10cm/s (&I 30cm/s)

DHFRHEEHIER ., Lt (F& LT 188cm HiEs - &\ b WEEST)

- IR REE 30 . EN~ERNEREE o — (Fe LT E%EESH To

Be Refined)
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S.

RTa—I 1. XE»H X472 2— / Rough schedule
Schedule

188cm iR - &\ WEHEE

W 2025~ 2030 4

- i1/t HIDES-F otk GEf7H)

- HIDES-F (€ & 2 REHEE DMk GETTH)

W 2025 ~ 2027 4

<R EER OB (BRRER S E1TH)

W 2028 ~ 2030 4

- FEIDERIC X B REFROET

W 2031 ~ 2034 %

- FEIG R OBELEL. KEIEREE~OBMBEL, KPEE O - BF

+13 %

W 2025~ 2026

- HDS ~oXLa L 0B A (BEFEEH 5 EITH)

W 2025~ 2027 £

- HDS o¥$MEsi=it # ADC + 4 A=Y 274 9 —HEHA)
W 2025~ 2028 £

- HDS ~0 & E R - a2 fFReT — F0EA

W 2026 ~ 2030 &

- HDS o|Ri Bt (BRHig o) . S@ et

- WS R I 2L AO L

W 2025 ~ 2030 4

BT (FEOWNT v 7L — R HDS coRREEHE. KRB ot
W 2031 ~ 2034 %

« T 77 v — P HDS coREERL KBRS - BI%

2. ARERT 21—V DORZERR~DEE / Schedule impact on science

1 188cm BiEsE - ¥ o WHEHEHAOHE S B OHKE N EN LSS X 4TH
HIDES-F (E#&EEERE 70 cm/s) CTBIAIZKT 2720, ERTE 2 0270 —
VEREOR/NERE 7 HIRERL bvwich b, ~HEAPRECEL TR SHUED
AREERUTORE 2R 2 C & ZEHI% ki< & g HIDES-F ©¥ #lgETd 3,
HREIDHRRDBFA 7 ¥ 2 — A p5ERIE FEID e CRIERIII% Bith 2 R 2E <
7 0 BUAEARI 2N < 72 2 23, 2034 ELIRERBIR S TRETH %,

FTRE2EEEHDS 7 v 77 L — FiIcowTik, ESHEE 30 J7© ORI
&+ FINLAKHRCLEIE - AARERTEHEL XUV EERTOI A = v 258E 7 58
FHWTH 5, HEEHIERE G 30cm/s LT % BIg 325, MILOFR LR R
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6.

TFr LI v ThHd, RICCOBENERTE Ao LTHTELDORABREE
2 L7z Bl B REeEll Iz =Tt & %,

7nvzy bTERTS

aE
KE

Instrumentation of
the project

7.

1. ERET2EER - 8 - 9 £ 2RI 3l / Description of the technology
to realize the investigations

(KX =] #BEL. 20REN%1E» LY 2 EENEDREE - EEEE - BIANES -
HERE O (- BEEE) ORHES#MY i

2. EfET2ER - 8l - oMBEERRTIHE - BiffISOVWT, oM. LUV
$ELIERAfT & D LB / Comparisons of the selected technology with other
technologies

PEMSHASPAFE R ORI = L BBEF D b D & 1338 5 Tk b X CEREEEZ AL A
s X R FRCAliE) DR s CitRoftoa sk hiEhTn?

3. REEB DT ELKEHE / Major functions of the proposed instrument
o EN~IEFN ORBIAT I - BWEBEEREER L2 4 (HE 300 ~ 1800 nm I B) 2 F
BGEIR C OHEFER 70 225 100 % OB - BN ERXER L= L)
- AIR~R RN OMER R OGS - BELE - BERE O RRE - SRR HerkRE
- YRR E N7 T — R IRTRERE
Pl ki X 2 IS E SRR ERAE (<10cm/s)

7090 b BT
F—%

Data to be obtained

s EbET 20 EBEDOKEGELED 3 ~ 10 £ (F—2BUSRE 1 BT~ 1 » ARRE
THEEIC) DARZ b (F& LT 188cm HigEhi - &\ \»HiEsh)
- HESFRE : R=55000 (HIDES-F) , 300,000 #2f (Fiflstes)
- RHIP : 380 ~ 900 nm (TBD)
c—RB 7Y OEBEEEAENREE © 10 cm/s ~ 1 m/s
CTNODTF— 2R EYINT 5 C & iC X o TAESERIC X B HREEL L RT3
- BUHI RIS & 0 2 IR DR A E) 75 & o O IHETEH O LE 2 i 5 2
o REHE FE. ENWHE. RFE L RAEWEO AR v (F& LTTE2EES)
- HESRRE s 300,000 BE (HDS 7y 7 7'v— 1)
- HEHMA : N ~akRN (TBD)
- . TBD
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8.

FERMER 1. TERMERLARDP B ELIMTER / Key technologies and those
Key technologies requiring further investment and development

- R = L oREEE. HE 300 ~ 1800 nm O&IiE#E% Hi5 3,

c Rz LoRRE (Frc~v > 7 TILHTO) K0 2 FEOMH & &

KX LDRRZ PR E X G ZEREO M Lk

BEEESREEL a2 v X7t BT b ks akET

- B EDREE « BRIEAA -V R T[ F—

KB DASE LRI DL T 7 AN—T TR = R F VT T—

C ERE - AR - KA - P 7 e d 4 X - EEGEAH L O

« R T P T )

- IR SEIR

cHZE2F 2 v N—% B AL LBELE SR

FEERREEEE 2 — F

2. BT EE O KXELEHTES / Assessment of uncertainties in
technologies
« KX = LoJREEAE. %E 300 ~ 1800 nm o2&EHE#E%E HfE 5,

3. BIER i 0;ERSH / Assessment of heritages

¥7E HIDES-F ¢ i T v 32 KX 2 2 o EHIF 350-408 nm~ 453-543 nm-
B X U 664-873 nm (A EHE 380-830 nm @ 60 % #B) TH V. KREAEBENE
FELC2FEEOREICIHL T2, BHED 2 L0—FHH 72 ) OGR4 &m2E
GRRHEEREE CEFHEtc X 2HETHRERE) 8 cm/s BBETH 223, HtisoNEE
(el - BISM AL, 77 A N—F—F 0 4 X)) KX b & Bbn s HEELE)
PERRERE RIS L e 7 — 2 [<d 15 m/s BEFEL. £ AERIVARBE L EZERKT 5
KES>Tnh\v, £, 1 B ED X2 A4 27— T 100 m/s DRGHAZE AR S
N85 H 5, K7vy =7+ ik HIDES-F co@RfkEeic X 0 BIERR % EH
Lo2. MAMOREH. HEHOIEA L CEBZHE L. £ OHM % Ko e~
Lok 5,

0.

BEINBIXP oz b0 REMEY (10 FR. To Be Refined) 811,000 FH (¥~ 1,631,000 FH
Cost estimate

[188cm &SR - L o LW EiREE]
BB (BEeHES) >
RKXaLv A7 L 50,000 FHM
DitEsv A7 L 227,000 M
MR (BREEERE, BT, V=79 7 1. —&i) 10,000 FH
SR GEIRIRE) 7,000 T
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KENFR (37—, Vv X, GHEEF. sS4 —) 130,000 TH
HZEF v v — 50,000 FH
WEEERIER (RE. JE. #&8) 10,000 FH
AFPEFER (R4 Y —, 774 N—FLEEE. ~1 7 2 X¥R) 5,000 FH
EFEANIAREYV L 7 avR (TYVTF—F—, 2277 7—) 5,000 FH
HA KRR (T4 v 7740 MHIE. RKBEEHE) 5,000 FH
77 AN—=% 5,000 TH
HEEAREENE =2 — PR (AMFEE. 54) 50,000 TH
HHfETET AR 4,000 TH
F—ZZ L —v 2,000 TH

<H¥F Az vxEEE> 8,000 TH
wr7esxBafE 2,000 FH
FIHEHRINE 3,000 TH
wrseE e 3,000 TH

<EH (104) > 130,000 TH
WrsEBREM 60,000 T
BAMEAE 30,000 TH
FERSF 20,000 TH

HFES 10,000 TH

f#& 10,000 FH

CxFmyzz b Av—AfF#E (10 4) ~ 800,000 TF)

[T 2 L=EE])

<HDS7vy77v—F>
A A=Y X7 4% — 10,000 FH
#Hi# (UVL IR %EE) 100,000 FH
KHigR R AR 20,000 TH
KXz Ly 274 50,000 FH
Tvrmu—yy—®E 20,000 FM
A - [IEHIEERE 40,000 TH
"I AO 100,000 FH

<#M (104) > 120,000 TH
FEZEM 70,000 TH
WrsEERER 50,000 FH

XFmyz7 bt A= AthE (10 %) To Be Refined)

PART III: Astronomy with Super-Precise Spectroscopic Observations 193



Tuyz s VERCHERRFTE (AF) 0 B#EY (To Be Refined) 34.0 A4E

<BAF> 19.5 AfE

RXanyzx7n 45 AN (05FTEx 3 x34F)
g 2745 10 AFE (0.5FTE x 5 x4 4F)
HEEGREEIE = — FBI%R 5 A% (IFTE x 5 4F)

<HA v AREET > 1.5 AF
wreabifE 0.4 AE (0.1FTE x 2 x 2 4F)
HAERINE 0.6 AF (0.15FTE x 2 x 2 4F)
wtEEEE 0.5 A% (0.5FTE x 2 x 0.5 %)

<#MH (104F) > 13 A
YRR 2 A% (0.2FTEx 1 x 10 4F)
EERTF 2 A% (0.2FTEx 1x 10 4F)
fEry 7 b 2 7R 3 A% (0.3FTEx 1x 104)
EEA—F72T7HE 6 A% (0.3FTEx2x 104)

10.

B~y F—o el 1. EffinU = LB iiRARIRIR / Technology heritage, development history
ﬁﬁ%‘lﬁfﬂtﬁﬁ%ﬁ'@ and Status

Technical heritages, KX MCONTE 1 58 2 B, 3 SHOBITR 2 OIS X N8R - JEk - BRo
technology BEABHEAD Do b OREREEIIC & ) FBEAF T L BIFEICHR D AIEEHECb 5,
development status

and plan

BN T TARN—T 4 —F Y RAT L, A A=V RIA Vv IER AT bOFT
A - B L B - Ml 1T FEEHlcT — 2 2B L. BEABITEZTV, B R
SCERIRRR B 2 C & 2 FEEA D 0 . KHHEORER - Hik - BEOEEAH 5, chbE D
LT BHONFEGTEOERENEL 23 b Fichy AT L&FFT 25HHTH 5,

2. #filifFETE / Technology development plans
KX =2 L 458 (To Be Detailed)
Fimn#ryt# (To Be Detailed)

11.

7Yz DY R ER HARZVER S 2 HEHFICHEET 2 BHREZARET 520, AERICX 2 Y 227 @34

Risk Management A\
Plan of the Project
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12.

RKXEAI2=T4D
FriurTeE 1 (TR D ERER
Strategy for the
Sustainability

of Astronomical
community

HEERE
188cm HiEHi s L S O WEHESFHRENICH 5 BEFTH 5 L WO FIRZELL, E
B, FA%E. B ORLFOEMEABE LTS

BAMERL

188cm HEFERENICH V) 2> ORFEFHZIT > Tk~ 258, FI%E. HBR
B ERFT AT FEITORBEICEAToTo0TH 5, CcoFlmzErL, BHD
LHBEEAE AR N 7 ICEROGZRM# L THEEEZHATI DS C LItk o T, HADHE]
HIRSCH 215 A2 BT 5,

WL TR

EA @ 188cm #iEHio HIDES (199947 7 =2 F 74 1} T2 HEHO
HDS 200047 7 —x+ 74 b)), A% 150cm #iEgo GAOES (2003 47 7 —
A+ 74+ 52023 41 GAOES-RV & LTE WD WHEEICKEL) DI, RIS 2]
BB OBONHEEFAE I N TR (WREMENCTbhTw5) AFrY 22 b
X o T\ BIRGEREREFEHIE OB & & b IC A Em 0 B eis DBRFERIT & & b ICFHE
T TRIRICHEART 5,

Ll

Co-investigator and his/her role (TBD)

Bun’ei Sato (Science Tokyo) : Project management, leader of science investigation,
spectrograph development

Akito Tajitsu (NAOJ) : Coordination between projects, spectrograph development
Hideyuki Izumiura (NAQ]J) : Spectrograph development

Hajime Inaba (AIST) : Astrocomb development

Sho Ohkubo (AIST) : Astrocomb development

Takuya Takarada (ABS) : Science investigation, data analysis

Wako Aoki (NAQ]J) : Science investigation

Satoshi Honda (Hyogo U.) : Science investigation

Hideyuki Hotta (Nagoya U.) : Science investigation

Ryohtaroh Ishikawa (NIES) : Science investigation

Toru Misawa (Shinshu U.) : Science investigation

Hiroki Harakawa (NMNS) : Science investigation
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Masashi Omiya (ABC) : Spectrograph development, science investigation
Kambe Eiji (NAO]) : Spectrograph investigation

Akira Arai (NAQ]) : Spectrograph investigation

Yuki Moritani (NAQ]J) : Spectrograph investigation

Jun Nishikawa (NAQ]J) : Spectrograph investigation

Noboru Ebizuka (RIKEN) : Spectrograph investigation

Yosuke Minowa (NAQJ) : AO investigation

Yoshito Ono (NAO]J) : AO investigation

Yuhei Takagi (NAOJ) : AO investigation

Teruyuki Hirano (ABC) : Science investigation

Takayuki Kotani (ABC) : Science investigation

Hajime Kawahara (JAXA) : Science investigation

Miyazaki Shota (JAXA) : Science investigation

Kento Masuda (Osaka U.) : Science investigation

Takuma Suda (TUT) : Science investigation

Masaaki Otuka (Kaichi International. U.) : Science investigation
Mai Yamashita (Shimane U.) : Science investigation

Masahide Hidai (Tokai U.) : Science investigation

Zuyxy FEREE L ZofE (TBD)

kel GRERIEERZE) © Bifs. BIEERETEEE . 2tz
HERZA (ENRXE): Fuvzs - EhEE, 55
RIEFHT  (ERLRXE) : 9)eeRba%E

Tt B (BESEROMEWIZERT) « KL= KBRS

RAGRE  (BEFEEINSEHIFERT) « KL= 1Fa%E

FHER (TR beodry—tr =) BIFEE, 7 — X T
BHAFOE (BERLKRXR) : BRaE

AHEBGE  (GERSIARY) © BEsE

Rz (BEBRY) : BB

FIEKRER (ZEERIEERTZERT) © BlpEt

=# ZE (BINRY) : BEERET

B (ERIRA AR « BEERET

REEL (TRPuAFRY =%y X =) SHERE BEERET
wERE  (BERLRXR) @ Hotdsiat

FH ® (ENLRXR) : ouieiEt

Aeklfm (EMKRXE) : sotdmet

Pl 7 (ERLRXR) : oeistiat

EEA  (BAEEWIZERT) ¢ ootastiat
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EiRfRGH (ERLRXH) © AO #at

REFRA
AR
ST
NERETT
s Al
[ELGEEPN
HEHEA
AR
RGHERR
HIFER

(ETRCH) + AO Bt
(ETRTH) + AO Rt

(T2 b uostuy—ey 2 —) : B
(T A b moStmy—ty 2 —) : BERRE
(FEZETIA BT © BImat
(FERZETIA BT © Blmat
(KBUAZE) © BhEmE

(RARTRARE) @ BRERE

(BT AE) © BRERRE

(BHRAZE) © BRERE

HEAFER GREARYE) : Bt
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Observation network for Time-domain astronomy/

Multi-messenger astronomy
RFEER L« = L TF A vtk v v —
RLFEH A Y b T —7
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B=

Summary

Observation network for Time-domain astronomy/

Multi-messenger astronomy
RS - ~ LT A v ey Y —
RGN A Y b T —7

Project Category
2. Other projects CRESEHHEIDIAN 0| & - [k 0T & UETE ORSE)

Abstract of science goals, objectives, and methods

Transients such as supernovae and neutron star mergers are major sources of
metals in the Universe and drove the evolution of the Universe. This project will
systematically integrate the Subaru Telescope and other telescopes in Japan and
effectively utilize them, collaborating with the large optical survey by Rubin/LSST
(starting in FY2025), NIR surveys by Euclid (starting in FY2024) and Roman
(starting in FY2027), high-energy neutrino observations by IceCube (ongoing)
and IceCube-Gen2 (starting in FY2031) experiments, the fifth gravitational wave
observing run from FY2027 to FY2029, and neutrino observations by Hyper
Kamiokande (starting in FY2027). We construct a real-time data analysis system,
a science platform, and a high-speed storage and database. This system enables

us to store and handle the large data taken with the large surveys and the multi-
messenger observations, and to generate science-ready data by researchers without
downloading the large raw data. Utilizing the time-domain photometric and
spectroscopic data, multi-messenger data, and color of host galaxies, this project
will reveal the nature of transients and multi-messenger objects and their evolution
from the distant Universe to the nearby Universe and clarify the origin of matter

and the evolution of matter in the Universe.

7R/ bOBRLREEN - FIEOEE

HHEBRECTHETEGR A COERREKE, FHCET 2ELHROEEAMGIE T
HY, BHEOBCHRT 224 F—bED, FHELOEFHNICTHE, KFuv =
M &y 2025 FE B E 5 Rubin/LSST I X 2 AIFDE KBRS, Euclid i< X %3¢
TRNBRAFHBEERE . 2027 Bt S 5 Roman I X 2 IR FRANBRARIIBEIRE . Mk
® IceCube EBRIC K 5 =2 — + Y /7 HHlL 2031 FE» HBHAE L5 IceCube-Gen2 €
X 2 EHL 2027-2029 FEICTE S N2 EEE AR, 2027 FE»OREBIND
Hyper Kamiokande Ic £ % =2 —} Y VHHllic&Eb T, HAD S O3 13 5 EEFiefh
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SRS AR S LARIICIER T 2 v A 7 o 2 BT 2, BRI, REERE
B ~ A F Ay Ry Yy —BHIICX > TIHEON D KEIRT — 2 2 fREFL. Zh b2 s
FICE D o BEERRICERTT 2 7 — 2 AR T 5 C & 2 AlREIC T 5, BT — 2 fi#th
VAT L BET Ty b T ar—b, @EA ML=V - TR %HES 5, Chick
0. BRI T — 4. ~AF A vt vP vy —F— %, RERFOZHEREEHAE &2
ML\ ELFHE»OEFBETFHE CORERELALT A vy Yy —RIKOFEEZH G 2
<Ly WHEHOER, FHOWEELZBHT 5,

Principle Investigator
Name: Nozomu Tominaga

Affliction: NAQO]J

E-mail address: nozomu.tominaga@nao.ac.jp

7Yz MRE
K4 Bk
Pl : ERLRX A

E-mail 7 Fv 2 : nozomu.tominaga@nao.ac.jp

Co-investigator and his/her role

As per the attached document

7aYzy MRREE L ZDRE
BAED & B

Estimate of total cost
950 million yen

#azrnREY
9.5 f&H

Estimate of total FTE (Full-Time Equivalent) necessary to accomplish
the project

72 FTE

7Yz bRRICBDELE FTE (AF) 0REKEY
72 N

Duration of the project
FY2024-FY2035
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1.

7'avzy bERERR
2024 4% -2035 42

AL ANOY-¢ -

Science goals of the
project

2.

TN KRB - ~ v F A v v Vv —BHIEEEL T, ZEREKL< LT A v
v Yy —REOREEZHO L, WHOER, FHOWHEELZHIHT 2,

7AYo EEN
Science goals of the
project

3.

BxDHOE ) CHET 2ELREFHEROLECTTE DD ? FHERERL 5 HT 4L
F-OFHEBRFHED &ECTERINZDA ? CD X 5 AEITRDER L FHEOLIE &
ol TWEDRIE N % 7% OFHER O ot TEHOWE#EL ) AP CE T
LIRARNAETH %,

KIwP 7 bES EEBACE T ADNT WS ERRKEERECITEELER L BN
B, =2—1 Y/ - FHR - BREOBHIZHAL 2~ F A v v v o v —8Hl
WL Ty FHCETLRZIFET 2 ZRREPZFHO L oRIc EOBEFREL . FHIC
FPOUTEDOXS ICWEPEIEL CEDh $AFHEBRALOSZALF —RFRLECT
HERENeDh ZHL2ICT 5,

HACTR. Sm HEF CHAERRKOHRE 2 b >3 @ 2 #i#E#H Hype Suprime-Cam
(HSC) £ XKik5jténd 13X 5 EiE8 Prime Focus Spectrograph (PFS) % FwTZFEX
BREEBHC~ LT A v v Yy —BHIATONTETEH Y, 8m L & H v 7o IR
KX =NV F Ay ey v —RIXFETRHR—HOERDH S, LirL. ThEFTCEEALX
ADFRICE EE 5T b, A, Rubin/LSST 7% & 23487 0 B < SeR M K I
HEERICHT T, EHOERKIK T 10— — 2P S n. MR IR RE RS - <
FA Yy Yy —RKICHICRY HUEHDBE->DH 5 (2F : hups://pcos.gsfc.nasa.
gov/TDAMM/)o A7 v =7 bk, BARD S O3 2 Dimsi e thim s % A A it
B LBIRMICIERT 3> 27 L2 5T 5 ¢ & o BAREE S 2807 — 2 2 HiEH
L WEOER - FHoOWEE B,

7avz/ FORFN
BERLBERORKL
Rationale for the
scientific goals and
objectives

1. BZHNEROIRY : AROBTR. HZIPFOMRIKR. % / Scientific
background, status of the relevant scientific area, etc.

B E RSP TAAKA EDERRIKZ. FHCBT2~) VL X DVEWILE (ET
F) 0EBERHRFECTH 5, By SNV TIHE o L FHICIIKR L ~) T L ULHAFEL A5
Te sy FIRESE T WEHERREIEC I C L TELRIWOD TFEHICHE I N, X bic,
BRI NABETLHR L KT -~V VL bAZHALLRERERE TN, Zhboltc 3£
FRED ETREMIET 2 C & T SEERAERTERAFHICHDEL TR o7,
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I FVNOREER A7 SBORFERERE T, ZOfER. HERAc Tl
INT RS RIKDED, xR E « 2 A LRT — 1% b DEFERIKROGELED
Lt hoTEIco CORFERKDOBMINZENER, 2 OBETRAKES T 4 1 F — K
BOZHRMZKBLL T2 FHELZHAT 2720 cid B FH»CIEFBFHICED
TCICHREC ZEFREEBMIL . FHCED LS RHDL X, 24 LRAT—, FEHED
RIERERDBFET D05 £ NOORKRED X S aRIEZEIEL § 20025 A
T BT EHRBETDH D,

%7y 2017 FICRENECBM S Wc T2 &K b O BRI OB, == A
AF—FHEH T OREONEEI AT —= 2 — ) ) BROBREAIER OB
BEB LT T, wAF Ay ey ¥y —KEPRLZHT. WHEHORKRICES ZHL
WT Fr—FRAREL R oo

Lol BEFETESEOwAF A v v v v —BHIIZE 72 1 61 L 283061237
FHICRT I EIAEROPUETENFEL ., ETROERLENT 5 1CE Shkardi
FREAGWRICHT 2ELREKE BIHIMICHREES 2 BERD 50 Ty HTANLF—=2—
FY 2 RIEDRIE D W BPIE TV —F =, 4 77— MRFEL ROJIERM D 3 55
2500, INLDOATRFHICETIEmTALF—=2— 1Y/ HHELZFHATE A
Vo EDFD, EDE S ARIEKBR, Blald, 77 v 7 A— Lot L REOBSTH 2
REBREOHHERTSL. KERT 7 v 7 A—ric X 3 EHEOHBIYBEIRR & & 0Kk
BIAAF—=a— ) ARV EMBEL T2 BGEET 2 BERED 5,

2. RET3700/ b avE T MIEESBFICRICED=HZ5¢THDD / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area

(1) IEFEOERREFEEIC X ) ZEERAERRER RO o T2 b 0D, ZoHRMER
BHO»EBoTwAWREKRZHEET 2 (R1) KR7vv 27 FIFHCEDL S A
B2 X, 24 bR 7 —n, BEROERKENFEET 200, TNLDOEFHREKIED X
SRR CH X, oL S aREKEZEEL T 200, ZHLH,ICT 5,

(2) BESBEH & EE L 2T EESEREBRIC X 2 2T ESKRC S T 2 ELRE
ROWEE, =2 — Y JBHIEEEL 2T T v 7 A— A ERREBHICL 2 =a2—}Y /
BERIADREZTTS C & T WHEOEEICHES, w1 F A ver Yy —Hlllick->TH
e INIZREOMEBERERBER 1 FHEZEX. ZORRAFE» OREEZFIET
TERIAF Ay Iy —RLFORIIOHEE A S (R2) AT vY x27 bidy ik
ANFREREI D 22 D FRBED & & & s L 7 U RIR DR 2 AL B IR E (= BREBIM ). 2L
THEDRREDOE T 2 Ed L HRED =2 A F =510, % L CHRGRE O IERE 2 JIE
(= L) 2175 0 BRBEWHISKREOME & ARG REOEHZ AT, ZHEEERE
BT — 2 bR KRBOEHRZ 5 & Hid,
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B 1: BEREOHBRN IS LR T —
W EAB IO,

B 2: EARR KO ARG R K
DEE, Za—h)/ DUBRER
BEZFRRONZIVLEEDORES (19
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RREREDHAI 2 A LR — V]
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OV EEBRD ey e s
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L. RETI7OCz/rave 7 oiERLBE, RE. KROMEOTASI M, B
% - AL D% / The competing power of the proposed project concept
and its relationship to past, current, and future other investigations and
projects.

R R S v AT Ay v P —RLFETE VT AEA bicT — 2 %L, Bl
B DEREE CEBRREZ R T 5 C L BBERAIRTH S, AT vy =7 M. Al
[EABRE CHERR S OFEER S 252 HSC % A\ 7R SR L > Tl - 72
HifBEZH5, flziE. cnE ) T x4 LY X7 LT L 7 — 2 BUSEEN
i 7 — ZfRAT « V —ARRHERTON T E 7co Ty I N Y — 2 OHH L EEHFE -
HEYE T A CEHoOBERE O T GEREREK L EBRL . ZROERKKE TS C
LAEEPTONTE e KTV 27 PEINOLEZILICHEIE, FHILIEBEINIHE
WFEE OFED B )AHME R FIICHZ ED 5,

AK7mny 7 b, HSC e X o T o B IcE D & | HARKMESCH Y vy = 2
b T B RMA R REER T 5. REBEEERBHIC~ LT A v v Y v —Blllo 7 — X fif#tT
IN—=T LWL, ZNDICX > TIHON BT — 2 2B LBHFET 2 v AT L R HEEE
T50 T XY 7 — 2BFEEGN - A28 L CEICERZ T — 2RPEILE 2R L |
HANEHWICE v 7' 7 — 2 RXFOFRR 2 FEL T o 0HB21ES,
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4.

7RSI MIERETS
3 A

Scientific
investigations of the
project

S.

T2 EEHE (HSC, PES, ULTIMATE) & Rubin/LSST, Euclid, Roman ®:###
Blic X > T BES»LHRFARE S LLEOFHICENT, EDXSAHAZ I, 24 2T —
N BEROERKEPHEET 200 EHOLALC L. ZNODOERKEKDIER E A 51 =X
LEHLMCT 5, X biC, BB &EEE L hETESREBHIC X > T Ak
HTEERCE T 2ELRAKERIEL. —a— M) VBRI EEEL AT T v 7 Ah—12E
FRAEBHENC K 2 =2—} ) BEREKOFRIEZFEH T 5 C LT, WHEHORIFICIEHS,

CDX S AR - vV F A vy Y v —KCFB % EHT 21k, (Ek0E
oo MR 20cial. (1) KEOTF— 2 % RCHENT T2 274, 2) 7—
2T CCRIFICHT 220077y b 7+ —4, 2L T (3) KEDF—ZICHHICT 7
Y AT EEDDERA ML= « F—=ZR—ZABURERARE LD, £T Ty Thb—
Fo=2T7 -7 0=27d [KE) o—#s LCHET LB MmO CEEL & 5,

ZC TR w27 bTlk, REEIRSCE - vV F A v v Py —RLFC L >THRL
N5 10 ~<x~4 b (PB) %2 287 — % % i ERWIICKHES L <@~ ORKDHIE
[ExFE8RT 2 [ZHET — 2 =2 (ZHE DB)) ##ET 5, & b, RREERSCE,
ST Ay Ry Y v = RIETEERD KA LA TR & v 5 RICAE X 57D, K
KON E ORMZL % FLik T 2 400 (E1Td OERE L £ 5 [BRHIT — 2 X—2 (K%
HIDB) | #HEHET 2, 7. 2 0BT — 2 %I LZEEREKSL 2 O RHEA ICE$ 5
WMEARFICKRER - BRCTEDL VAT L (BET 7y b7 4 —L0) %BHET 2, Zhb%lE
FLs BRD S D7 X 2 HEimgh-echEmsi % Av IR - FREEH % £ 5, ¢
NIC XY, BEERSY, w L F A vy Vv —RKX¥ICH T 3 HROEREZ RS, C
no%xFES 2,

RyTa—Iv
Schedule

1. X¥HHBR47 22—V / Rough schedule

2025 Bk & 15 Rubin/LSST € X 2 Al KR Euclid © X 247
AR ARHEERE ., 2027 B & 15 Roman € X 2 iFFRAMEARERE . ke
@ IceCube FEEric X 28HI. 2031 & LBAMAE N5 IceCube-Gen2 EB I X 38
Hl, 2027-2029 4EREICT5E 5 EARETIE. 2027 454 LB S h 3 Hyper
Kamiokande B i X 2 BlHlic&bE T HAD D O X 5 BiEsg e hEEss % A
A LAVERANCIE S 5 v 2 7 L2 5T %,

2024 FRECKHE T 7 A Y —~NOHER, 7 ZNENORFEREK, w1 F A vty
V= RIKICHIG L 7 EE % 21 7 — X RVTARGI OREEE X BRI 3 50 2025 FEICK
BT — 2 R—2% —~NOBE, $LR%ETT v F 75— L OMELRBIET %, 2026 4
ELIRE BEFET 7 v b 7 — LD 70 1| RITERBE O Bf AIRAL Y — v o BA%E, 7 —
ZFEHTY — VDR EIT 50 2027 FELIE. Roman, B E AIABHEL IceCube-
Gen2 Cfiiz & HICKHET 7 4 L —o3, KT — 2 R—2F—~, BIET T b
7+ —LOWE EZENEFNDZALTF A vt v Yy —BElICE Db 5%ET %,
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3ROV BLVEETS
TAYII DRV a—IL

6.

2024 | 2025 | 2026 |2027 |2028 |2029 | 2030 | 2031 |2032 |2033 |2034 | 2035
This
project
File server constryction  Ephancemgnt Maintengnce & improvemen
Data anglysis system develgpment Enhancgment Supports|for new gbservatiofis
Science platform donstructign Develppment of| scientifid tools
High-perfformance|databasd system cpnstructign Maintengnce & improvemen
Optical Subaru
Infrared HSC
PFS
ULTIMAJE-Subar
Rubin/l|SST _
Eficlid
Roman ™T
Others
ALMA 2
SKA
gVLA
XRISM High-z GUNDAM
CTA
KAGRA | Lyk 05
IceCube IceCyibe-Gen2
Hyper Kpmiokandp

2. ARR TV a—IVORZERR~DEE / Schedule impact on science

HARE HSCIK k> TR 5 BRI R D 5T 3 b o, KEEERERH, ~ 152 v
Py —BHIIK L > TELNEKHEET -2 220 AN EFIERZE > TR v, B
2T Y 2 —ApEND L, Rubin/LSST € X 2 Al#aKHIEER . Euclid i« & 2iE5%
MERIEIRBE OB T — 2 2R T2 c LT o hAhbT, BEERSCE, w1 F Ayt
vV —RFOHSEICZEA . c i CoBMER R HHRCENEZRS C L Ao
TLZ 5,

7adzo b cERTS
KE
Instrumentation of
the project

1. EfET2EER - 88 - 2l &2 XT38l / Description of the technology
to realize the investigations

KHEHREBH, ~vF Ay Yy —BHICE > TRONEZ KRBT — X 2 REL.
ZNOEREIICHY T, FEERRICERT 27 — 2 2 ERT 5 C L 2rRiicT 5, A

B 7 — RIS 27 L, RIEET 79 b 73 —L, EBER L —Y - 7 — X X— 2,

2. XETHER - 80 - oML EEERTIHE - BifflcoWT, ok, LU
MlxfiiE D LLE / Comparisons of the selected technology with other
technologies

- BRE5 — X fifehfr o 2 7 s

TR OB ST 5 7 — 2RS4 774 v RFEE L. BRI 2281+ 5 57—
AIRMTY 2T LR T 5,

CEEA P L= - F— 2 R — 2

T — AR —=2Y — N HHEA L MapReduce € 7V EO S EULEEEL -, B
KAET— TN EERICRET D C L EZABEICT 2 HEOERT — 4 X— 2 2 @+
50 BT L¥— - BEEBINREFIFREB I BAERRE P Om#E T — 2 X — 2l b 1EH
T50. AL —UbZHDOT 7 ACHINFIRER DHAIY AT LR IEHT %,
RETT Y T4
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7.

Rubin/LSST #3B5Hh 07 L — 47 — 2 % BRD T 1E 2 BiEfi L@ A ick R L,
AT D7 7 A% —o3, GPU 2 &7 — 2T — S O R % (LR Ic &
DEFEL, Zn b EIC Jupyter Hub iIc X 2 T2 — %A v X — 7 = — 2 %S
5 c LT, BIEREME L AL RARETIRET T v + 75— L2 BET 2,

3. RREKEBOEEHLHEEE / Major functions of the proposed instrument

CNHODOE Y 77— ZRLFETE, HIRICT — 22352 AT L, ZNHLDT —
RCEGCT 7 ATET Ty b T r—0, T—2_=23p [HEF]| & LTRABCENT
DRENRD D, RTmy 27 AT 2 THE] k. KEEEEEH., <~ 7574 v kv
Py —BHIC X >TROLNEKHET — 2 2 IRIEFE L. b 2R WICE D . RIFERR
RCEWET 27— 2%ERT 5T L 2AEICT %, T PIEEEREICT—2% X7 v
a— F LT % L woREBRoPSEA TR AL, VE— MREC, BERABHT — 2 %%
BT LEFERIRC 2 ORISR B3 2 1§ & AR IcisR - 2L, BERRCERT 57 —
AR CTEDLV AT LEBET %,

7a¥z/ b TCEBTS
F—%
Data to be obtained

8.

KRB IC X > T/ OB HIE - BT — % % i B ICRES L <l x oKk
OB T— 2 & LTEE#RT %0 T72v 1% HSC < PES % ofthHllic X - THUIG &
NBRSRFIME - 537 — 2 % 5C8k3 %,

K7av =7 b BONBHEDG T -2 2T, BRRELCAF A vy Vv —
RAEDETHRERBECHEMEOREZHET 5, ZOkF%E ., Hige s v L ERIICH
WT s Lickh, TNODORKOEFEE, EIEREKEZHOHICT 2, F e EHRMNER
BEBHZAC LI VEBHFRIRCE CIRET %, chick ), BECHZ2rhVIE
ERHEBE L OFUGII A RIKY v TA UGS 5 C & Ty FERERRECALF A vy Yy —
KEDETHEMES T 4 VF —FRED DM E CTHO »IC L FHICE T 2 WEORIE.,
T HICEELZHL A ICT %,

EFERNER

Key technologies

1. TERNERLARD BELRTTESR / Key technologies and those
requiring further investment and development

- B 7 — 2 fietfr - BE8UHI S X 7 2

REEN RS v T A v v Vv —RKICETE, MRRERFR & & b Ik 25 7%
O, BlRE7 — 2, RIKFEE, BIRSEBIHIAABE L 50 TNZ N OBIHIEEE B
FINTY AT LEFEL T QIR T — 2 2 FEBT 2 B RDH %,
RET Ty T — L

WMRERT — 2% Xy v u—F LCEBICHTS 2 0Ccilda < BIRE, Stz
EERL, ARAAY LV R T — 2 E Y 2T LR BEST ZLERD b,

CEER P L= T = 2 — 2l
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0.

AKFud 7 FCEIBE N ZEDTF— 22BN L. EXARBEIT — X % f#7 LZEFER
ez ORERFICET 2 EREEFICHRE - BTEIR L=V « F—2 =04
BTHh b,

2. iR EE RO K ELHHTESR / Assessment of uncertainties in
technologies

CEEA P L= - T 2 _— 2

10PB %8 x 2 Bll7 — 2 Z{RFEFE L 400 (BT 22 2RERANT — 2 2 REK - BT 2 v
AT LOERICE BFEOT =2 RXR—AT—F7 7 F v CED LHEFIEEO T — 2 X—
AV AT LHPBRETH b,

3. BIER i 0;ERSH / Assessment of heritages

AR OB B (AR T 2 7 — R SA T T4 VA L7eT — ZRITY 27 L, il
TuY s FCIERAINTwAEF—F vy —2oHffiv b LK vy 2 b icEgEib L
RET Ty b T — L EEET D,

BEINZIX}
Cost estimate

10.

VAT LD OO NEE 64 F SEM/124F
B¥779 b7 r—LHEE 34
BT — 2 s A7 LHEEE 2 44
BT — A R—ZEE 14
CETEBS Y 2T LEARE 4 EM /12 4F
T A= 2 (EH
T—A2XR—=Z¥— 1000 FM
7 — ZENT— N 2 {2
- B&K 5000 HH /12 4

AU 7— Lkl
BRI LBAREHE
Technical heritages,
technology
development status
and plan

1. FfiANUT—J L ETRAFEIRR / Technology heritage, development history
and status

F1E 5 HSC # B EEER S, ~ v F A vk vy vy —RIFECBWT, BT —
SRR - BB 2T LR RBELTE Y 2DV 2T L% KEEREEBHhSmEE ik
BBt %. £/, 3% HSC, PES 77— 4V )V —2HICR¥ET 7 v + 7 4 — L D FEI OB
FREATEY, AALZY -V ORFEA L ED, SOCEESE S,

2. #1liBZEEHE / Technology development plans
Rubin/LSST ®#i— # v ¥ — - EEHMREHIBEB L o7 ey 2 7 F AL,
REBOBHIZT—2%RFE L. TNOZRE - BTV 27 L2 EHT 5,
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11.

7OV bDYRIER

Risk Management
Plan of the Project

12.

K7ay =7 Mg, BRNDIMT e =27 bick > CBEB I WA BT — 2 %2%&8T 3
VAT LR TH B, T m Y 2 s Y BRETENAWEEZO T e Y 2 VICEET S
HCONTIRETARAEEL B Do LA LA, BT 22 COENNDOMT R Y =
7 FBETENANC EFELDNA WD, FTENTwETuey s b el TF
FHELEKT %,

RAXFAI2=FT4D
Fr AT REEICEI b 2 EEER
Strategy for the
Sustainability

of Astronomical
community

RTvY =27 MiEy 77— 2REEE - AMEENL CEICER AT — 2 BEEILE % R
L. BABEMWICE v 7/'7F — 2 RUEEXFEL T 20 0HBIED KEHIT 2 b 0T
Hbo Frc, BAFICHED 2 ABRBXIMR DY v /' F— 2 KUFERFEL T oMEE LA DC
EEHIRFL TS,

Co-investigator and his/her role

Yousuke Utsumi (NAQYJ): Follow-ups of gravitational waves and neutrinos

Yoichi Itoh (U. of Hyogo): Observation with Nayuta

Yuhei Iwata (NAQYJ): Radio observation, observation with Subaru/HSC

Yumiko Oasa (Saitama U.): Observation with SaCRA and Gumma

Ryou Ohsawa (NAOJ): Science platform, observations with Tomo-e Gozen
Camera, JASMINE

Kouji Ohta (Kyoto U.): Observation with Seimei

Koji Kawabata (Hiroshima U.): Observation with Kanata

Shigeo Kimura (Tohoku U.): Follow-ups of neutrinos

Shigeyuki Sako (U. Tokyo): Observations with Tomo-e Gozen Camera

Mabhito Sasada (Science Tokyo): Optical observation and prompt data analysis
system

Daisuke Suzuki (Osaka U.): Observations with PRIME, 1.8m MOA-II, and 61cm
B&C

Tadafumi Takata (NAQYJ): High-performance database construction

Ichiro Takahashi (Science Tokyo): Machine learning

Masaomi Tanaka (Tohoku U.): Theory, Machine learning

Gen Chiaki (Kochi Coll.): Theory

Kazuya Matsubayashi (U. Tokyo): Observation with TAO
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Kotaro Niinuma (Yamaguchi U.): Radio observation

Yuu Niino (U. Tokyo): Observation with Tomo-e Gozen Camera

Bunyo Hatsukade (NAQYJ): Radio observation

Hisanori Furusawa (NAQYJ): Science platform construction

Keiichi Maeda (Kyoto U.): Theory, Observation with Seimei

Takashi Moriya (NAOJ): Theory, Collaboration with Euclid and Roman
Tomoki Morokuma (Chiba Inst. Tech): Observation with Subaru/PFS

Naoki Yasuda (U. Tokyo/Kavli IPMU): Observation with Subaru/HSC and PFS
Yoichi Yatsu (Science Tokyo): UV observation

Michitoshi Yoshida (NAOJ): Follow-ups of gravitational waves and neutrinos

7uyx s bILFERREH & 2 ORE

Wi (ENLRSCR ) c B - =2 — b Y /B8

R — (EHIBLK) : 2w EEsEsil

BRI (ELRR) - EEEE, 375 HSC &L

KEAHZET FEEKRF) @ & LR CA T DRFEHH

Kz (ENLRXAR) : B 77 v b7 +—24, Tomo-e Gozen Camera, JASMINE &1
KHEFEE GUEBAZEE) v EHESEEH

JEmEAE (REREF) b7 7o gl

AR GRAERY) + =2 — 1+ Y 7 BEHI

BERET GEEAS) : Tomo-e Gozen Camera %l

FTHEAN GERERRERY)  AEREEIHS X ORI T — X #2574
BARKRA (KBLAZ) 87 7 Y # (PRIME), =2—Y—7 v F (1.8m MOA-II #iE8% ,
61cm B&C EiEH3 ) #il

MR (ENLRR) ¢ ml T — 2 X — 2

EE—ES CGRERIFRY) « B

HAHEE GRIERY) : 8FE - P ESHRER. BeE

TR (EEIEE)  FHOWEALER

FHATERED (LURKS) « e

s (I KH) : Tomo-e Gozen Camera il

HEAE (ENLRCR) BT 7 v b 7 — LR

HHESCHE (ENCRXER) « BikEHE

Akt CGRERT) : TAO HiEsEEHl

B — GREBRY) : EHRIREGR. o WEHES X 2 EEEgGEH
SPEIE (ENLRXA) @ EHREEER. Euclid. Roman ##5

HPREE (FEIEKRY) : T2 PFS 2 v 8l

ZHER GEREAY) + 31E% HSC. PFS % w78l

Hiy— CGRRERIFERY) « SEAEETH

HHEF (ENLRR ) + EAHEEEN
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Summary

PART III: Ultra-Doppler

Ultra-Doppler
HBOBE_OMKEEET 207 - ¥y 77548

Project Category
2. Other projects CREEHEIDAN O, K& - ik OB % & CRHEORSE)

Abstract of science goals, objectives, and methods

Exoplanets have become not only one of the most important fields of modern
astronomy and planetary science, but also the most important research target in the
search for life in the universe. The existence of a wide variety of exoplanets makes
possible the study of terrestrial planets in various environments with different

host stars, and the confirmation of signs of the existence of life on Earth, which
resembles our Solar system, will have a particularly large impact on the public at
large. The development of unprecedented visible and infrared ultrahigh-precision
Doppler spectrometers is the key to this urgent task of searching for nearby
Earth-like planets. This project will realize the first full-scale search for Earth-like
planets around Solar-type stars using ultra-high-precision Doppler spectroscopy

in visible light, and will detect Earth-like planets far from the host star (at suitable
temperatures, not hot) and clarify their frequency. It will also be able to measure
the masses of very small transit planets. In addition, through the discovery of
protoplanets immediately after their birth using the world's most accurate infrared
Doppler spectroscopy, the history of planet formation and evolution will be
elucidated and the origin of the solar system will be approached, as many mysteries
still remain. Furthermore, through the exploration of exoplanetary atmospheres by
ultra-wide wavelength high dispersion spectroscopy including thermal infrared, the
origin, evolution, and diversity of planetary atmospheres will be elucidated on an
unprecedented scale. We will establish ultra-high-precision Doppler spectroscopy

techniques in a wide wavelength range for these purposes.

7R/ bOBREREBRN - FIEOEE
FNBEFHRRLE: - REMFOREESHO—DTHI0LE LT, FHICEME
BET S LoRIFEAVIENR L hofco ZHEERARNREORFEL, FENEA D
2 REREEOHERRIRE O % FIREICT 2 25, AATH KGRI ZHERIC B ) % Ea
DFEDIMEDHERZ A —MHABCDREAA v I b 2D LT THH S5, ZDk
DICE HERIEFEOHIRICIL A REDRELRRBOREL AoTED. TNETIKANWH
B FROVBEREE K v 77 — D heRoBF e A b, KTnY =7+l Ak E
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JAEERBEN vy 77— X 2 KBEIE T D ) O ORI 7 thERFI S E RE % FEB
L. EE» Ol (GlRCTRAVERD) HERERE O & 2 O EHEZ O 5
T30 RAMMIKIL 7 v vy FREOEBHEZTSC L dTE D, T, HHEEH
EOFNRERB Y v 77 — B X 2 HEEROFMBEORFA LML T, KL D3
1355 5 BRE O - #LEZ AL CTRBROBRICIEHS . & bic, BRNEE &UBIA
BEBE SN X 2 RNRERKHEE LB L . RERK O - #1L - ZHkE
EOTAVWHECHLACT 2, CHODHMDO O DIANEBEEREE R v 77—k

Bz LT %o

Principle Investigator
Name: Motohide Tamura

Affliction: UTokyo / Astrobiology Center / UOsaka

E-mail address: motohide.tamura@astron.s.u-tokyo.ac.jp

7RaYzs MERE
K4 HN TF

E-mail 7 F v 2 : motohide.tamura@astron.s.u-tokyo.ac.jp

Co-investigator and his/her role
Takayuki Kotani (Astrobiology Center): Leader of technical development
Teruyuki Hirano (Astrobiology Center): Leader of science investigation
Olivier Guyon (Astrobiology Center/Arizona): Leader of SCEXAO
Bun’ei Sato (Tokyo Tech): Optical RV and planet detection expert

7AYzy MERREE L ZDHRE
NG BT (TR e Auy—ky 2 —)  HiRATEEE
SEE BESE (TR bu NS Ay —twy 2 —)  BEERATEEE
Faav FIEx (TRIeANfFrY -ty Z—)  BHECEREEE
el (IR « % RV REBRHEMR
15 6 ZREE % T7E

Estimate of total cost
950 M Yen

BazxtoRIEY
9.5 {EM
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Estimate of total FTE (Full-Time Equivalent) necessary to accomplish
the project
50 FTE

707 bRRICBDELE FTE (AF) 0REKEY
50 FTE

Duration of the project
FY2024 — FY 2030 (Development phase), survey 10 years

7nvxy FEEERH
2024 FE~ 2030 £ (BAFEHD . ¥ —~A FBHZER 10 £/

1.

VA=E A N0} ¢

Science goals of the
project

2.

FNBEOFEE R, 1995 FORBANEE T LY o TREFMEKR] REOFKER (2019
) —_AYHEE, A 2D 4T —ntrn—) »EEICRENCERL, B
6000 % ¥z 2 RNBE B« RBIHITHECRR - I W Tnd, LA L, koL
MREONR L 2 D155 [RBGRIERE | »ORERE L CRIADKPFEL S5 [~EX
TNy = | DB E5% TRBEEE DY | o HEERE | o, £oRERT
FihTd HIMWHRI O LD ICRZEBHTE T AV, ZOHFTHRIAELD DI v
77 —ihTH Do ARG BRI 72 0 OBHEIE L RFOE TN & v
T KBUANAOKGEIEE % FE3 2 fARE b BHAREE $2 X 5%, chETkh ]
T LoRE clEEEE 2 RECE 2BIHIRE (BREMREN v 77 —ktE : Ultra-
Doppler) »EH%ZHIELTwd, chick b, KBELEE D Y ORERDUHEL & Elbic
B, HOE—oMEK» O FIRREE CEBHNRE T2 e AR L 25, T HIC, T
BoGR e L COSHOREERE D ) OMBREIRER & REROK & #ib % AIREIC T
LHNRD e R BEDT v 7 7L — FETABEICT 2, Chuc kb, TMT 8%k
» NASA o 3 v 2 2 >~ & 5 Habitable Worlds Observatory (E##HHIF 6m
DESRFEHEESE) O X5 7% 2040 FRUBOEEO I I AHEI DV XT L
BEOEES O X —7 v + &5 EFRICIRIET 5,

\x|

ZRAYzs roRFEER
Science goals of the
project
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K7 vy zr bl ROBEESFOBMEIEERZ ABDLREIC K »TH B ARG
HEESR DN D X 5 ICh - AiF 2 2 L 2D RFIONATEEMZNHL. (a) T%
720 KRIEFEC. KGEE S DV cd 5 MEKIIREOREAFRER N v 77 =40k
BT SmEEBEODICHIET 5, Chick->T, [KEBRLEFEILERECH 25—
DOHERER L | BRBGRIEEE TR CERE N D, & b, (b) BEFOEHEERNE v 77—
LEIRDZ7v77Lv—FL, MEET D) OMERAREFRE R/ L. [ KGR L &

213



3.

BIBEICH 2B _OMIKEL | 2k 5. CoORNFEEC XY FBCHE S Wi
REOBREDFIREL 8 b0 E7c. (o) REWITEICHE 2 BAARIMRIR D E 5 B JEskic X
D ERERKJOBIHIZHEES 50 £ OfER, K 30m il E KM L EEFi s X 0 6m ik
HEay P72 N FHEERCRER AR PVBHIONRZREET 5 C L b AREL &
b0 ey RAMMBKILL 7 v vy VRED HE) WIEZTS C LR TE S, FkDZ
BREREE SRR A A b A, TEIEEFHLTO2=—2 R bD LR D,

5

\x|

709z FORER
BRLBEORK
Rationale for the
scientific goals and
objectives
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1. BENERORK : AROER. HZXIFOMRIRA. F / Scientific
background, status of the relevant scientific area, etc.

HH o RNBERBEOHTH Fy 77 —BRRIBELH A ODOV L DR, ~E
207 4 OWEDHREIC AN HIRD & 5 2/ ARERECERERD D . B b
Fvly MERRDEILTnE, Ll FENKBEE TH 2B OHERERE (F
b b RKGROHIRKICLI7BIREOMIKIIRE) ORI+ 7 v Y v MECO B EEARMA
EcHhh) EHE TS, Fkox<—2EHE N (F - HWO FH%EESH) € <l
Ky 77 —ERME—DRIETH 5,

MR D NELEB)IC X 0 KREGE B < b (8cm/s) EESLDDE ZRT . TD
KG0EE % 2 HIERODFEEZRTICEE cm/s & \» 5 HEREE O HEE L IR E B HE
Lo IR N X TN = iCDHERNBREOFHERKE. chE coRER
B (ECFHIrOOBE L7 v ¥y FEEZHV K Kepler BEDRER) CHEDHEHH L
B ZH (] 10% Ll L) OB CHEET 2 C L2350 o Tw b4, Kepler #ETF
RINHIRBIRE 3ETKRBRPOETEC. A7 FAgHicikmb iz v, FEROK
B ROEMKEDO) E—ber Y v IDDICE. TE 37K 0KERITEDOHERRIZE O
BRHARAIRTH 5, Lol BHEESTIHIRIC X b BEGKEREFECO-TE, K
Bo ks GRECTEAZ L ANNICHPZ ., BENESUTO MEE REEZEE)
Th)OREFECEE >TWw5,

ZOHIEERFS P TPy MERBREEED N v Yy MERREL KL (HiEk -
KEOHZED b7 v 2y FMERIZK 1/215) 220 KBRIEEOHERERD K, <1 7
7Ly X% ROV XEEOBEINNS V), P T Yy ME L KBEE TR EE L&
B0V 4 XHAKRE W), BEFE: 2V P22 MEERE (FELHKEOHS X HRKET
¥2) THD, 20OHAOHEEF. FETH ZEENLEWAS . KB (GEAE)
XD WEERE, 0% W REGRIEFBICEZLFET 2 MEE ORrERE) HEANRL
BoTWwnd, wbhid, FBEEEWV) [KIFREBRRBICHIE_OHIKEL ] SRS
NBZDOHPRIKRTH 5, EEFEORNRELZZEHFAL 205 5 NASA © TESS #E-©C.
T 2 EEGERTRNER S IRD O 7 2 BN RIZICKBGRIEFEOREIFELETH 5,
ZhCh SIBIAIRBE RO RABAPIRON T 2 DRBIRTH 5,
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2. RETZ700z/ b avE T MIEERSBFICRICZD=HZ5ET5DD / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area

INBELSBHORRIEL i, miis X SROBHIOREE,

(1) REFEBEZERARERZRE > b/NE A HIIRBIREOFEE~NEBRT & C &,
(2) BRI R & BRE DR T b ST,
(3) HIFKBIRE DR b ot & AEMIMERE. W KAlT& %,

Kl ok, 4BRDEERERI [ KEREZOKRGELE €D Y OHIEkE
RE | OFEZITS O 0EEOEHETH ., 2 2030 FRUFEOHIKIIRE D R <
7 kT & EMIMEREDOERD D ICE AR RTH D T R0 5o

REFCHLFERREE O ZBEE cIc, T2 EEFEARNED LR OBRFES TESS &
HEDOT v —T v FICHEGL, [KEREEOREEET D OHIKIRE | OFithz
HEDTnD, &y FNXREOEZEER O 7 b OFENFROBIICHEED > TR, C
NoORERICHE D E A4%iIF TRBEIERE | FEHR L Bk BRE ofth% £0 5 L i,
HEodRARRE L LTMEET D) oMBRBRESLRERK S DHET S, 20k
DICEGE A BRI 2T L AL - IERNER - BRNRZ H N —F 2 EERE S B
Jt#% Ultra-Doppler #8455 5.

EEDFEN KGR EE b Y DHER IREBE TV OHIER

AENER KIGRIERIBREE O — D HiEk SERBE D — O HIER

B - BAEDOBEREA | Kepler A2 : mF OMEROYEA | TESS #iR. ARIMRED I TSR
2025—2035 Ultra-Dppler: ZEDHERDEER | TESS fir/t, ARIMR Y eis T
2031—2040 30m Bkt ESEEE ¢ W o4yt | 30m kit ESEEE - W Eosyr
2040 4% Fif 6m imE : [F Lyt ik - [ RS

L. RETI7/OVz/rave 7 oiERLBE, RE., KROMEOTASIM,
% - A& L OBk / The competing power of the proposed project concept
and its relationship to past, current, and future other investigations and
projects.

K7y =7 b DERROBHE, Tx DORNREOERLEL Fy 77 —EolGoh
T CORBRLHEMiEENELC L ICH D, ROFEDT X2 ERBEOMMENFERICK DA
BAAERICBVWITHLEELRKEEREMEONE X S5CA D, RFIOAXATEREMZICHL T
ERIRPOBERED N vy 77 —ERBRT I CERTE B, BRMIcE, () TEBX
T REGRIEEE T, KIBRIET DY cH 5, HERRIRE DR A PREARIFERRE K v 75 —
DHRBETIES Sm BEEEDOLOICHIET 5, cNCL->T, [KEEREBLREICHS
EZOHIKEL | BPABREE O TERINSE, Ebic, (b) BEFEOERKERNL v
77-EEIRDZT7 v 77 —FL, MEEZ D) OHIRBIRELEEZ kL. [ KB
R FEBECHIEOHIREL | Mk T 5, WifTL T Keck #i#EHiH HiSPEC
TN NBRFFIC D BT 5. /. (e) RRMFEICHE A BFNEREE O =SB et
X ) BERKIOBHIZHEET 5, ZOFER. KR 30m EE R FE=ESEZ T TR
R mFZBE v 72 P FHEEE (HWO) iih 2 ~<7 b vERIO G % $2{t
T5CLLAREL & Do [FIRRD LI EEHEE 2 taatBlE 8m HELEH C (H@%E - B -
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4.

ke X UCHRCH AL TRIZEEELTD2=—2AbDE R D, AL VDA TN
T bR3CE CAHA 3.5m LiEsE ik E < e CARMENES @& RI#E58 « FRAMREFRIR
HEBTED 228, FNTF v v A LORBEEBERL TEbT, FELIAEEY v 77—
HECTHD, (N Fy 77 —HEBCK->TH, BEHZVIIHEFOEEDOHEEIIN
30cm/s TH H | AEE LD b EBESEY, ¥, LEREREEEZIZOEE
K Z R L 2 EcHEREIC X 2 RV ~ORE2 ) B LchloTEETH %,

7RSI MIERETS
W3R

Scientific
investigations of the
project

£2: IRETHELAEE Ultra-Doppler
D3IDDF v HI

PART III: Ultra-Doppler

2 ORPEEI TR 7 TREGRIEEOMIKBIRE # SHIRE | <& 2R AL A LR,
Fv 77 —Eo#REREREZH cm/s ¥ CH EX ¢, KBELEOHERRIZE ¢ o]
BT B LTh B,

1995 EDFNKREDOFKRER 13m/s BED Ny 77 —#EThbbI N X S5IC, T
FNEERHTFEIE 2OEHIN TR DABOLREILLNEHE = Lk EDHEE
WIEEOERIC X ) BEGH 1m/s LTFOBEREH I W CTH D, 30cm/s DIFE DX
ROHBIFEET 5. Ll 20%D [EAMEROAKIC X 2 KiGo@# % T 2
HEREREE (Boml/s)] 2EHL H0REIHATHOERTH 2, 20dICE, 1
RoONy 77 —rrkmogary R —x v bR REL, EEREBE SR CH EXE 5%
HRH 5,

K7wy =z TRy BUT0 3 AoREmL TNz Hrabe 5 Lick o,
AIAREIOKEE 2152 F v 77 —%#& Ultra-Doppler 25813 % Ultra-Doppler i3
20X5C3F v v aAnbhb, & DDIFAEHET ¥ v 2L (=85 D Ultra-Doller)
Es (1) 3132 8m HiEHE % H 72 d FHEMICH b LF CHZRORKIE O E 2 vk
HVERE % FIH T ZBMELER. () YV IALE—F 7 7 AN—BX BT 74 N—HEAD
7e D DFEA (T T CREFMIEIRR AR ) KX 3/ 4 XL 2B OBEMROREGE A, (iii)
HRFOHTRA D 2 v 37 + o OBEE B ORE, (iv) FREEEERIECHRL., %
NoHEH cm/s BT EERERBE X Fo—RWaZEE L LChRT 5,

b b AHAEBROEEOBHICR, MEBBEROZEEL T AL [HEAEEECHKS
LR ) A XS MEE 55, Tx OKRBOHE, HIKHE ST 2 L AR CHES
BE XD —HTRKE WL L OREEZERBE X N3 0, [HERE IR 2 E8) &
BRENGEEBORELZYIV DT D BBEL R D, 2DDICH TFTEA—FY
ITELTINDLDBEEBIEAREA T ABEL RO D ORFRT 2 LE LD 5, K
ZEE % CHEEk T 5,

AR F oI FNFIFYoRIL | FHFRIFroRIL
B Ultra-Doppler IRD2 or HiSPEC TSHIRT
FBE 380-900 nm 900-1750nm 1950-4000 nm
HBEELER | TAIX AR FIFAET8E
SiREE 100,000 70,000 70,000
BE ] cm/s (extra: 1em/s) 20-30cm/s BRERRHIMLA
216



S.

RyTa—Iv
Schedule

6.

1. XE»H X472 2— / Rough schedule

2024-2025 : BERERET L OETHE R&D

2025-2027 : FMEE - MOoBEELFN (B Frv a7 v 7 7L —F

2027-2031 : AIEET v v 2 v B X UFRM TR 7 v v 1 v 81 & HiSPEC ~0H#it
2031-2040 : BRI —~ A @il

(2L THECX 5T, BERFT ¥ YAV ETPRAT Y 2 — AV EEORBEED D )

2. ARRTVa—LVOREZEREANDEE / Schedule impact on science

HERTEICH D TKBGREFCEECSH 2B OMEREL | & 2 DR T i, HWO
ORZEHETH 5720, 2040 FELEE CRER LAV, 2% ), HWO BE#H &
WMo oW EFERCITS. KFnv 22 FoXEMN AL REETH Y,
HWO 75 _EFHiIc, &b FEA 2 T AERRE Bl e Rt cx 2, 104
EE 5T A B D BE L5 E A>T b1 % 3 J%RINE L EMETH 5 23,
FH L 7 BIERERER & A CE TR AT = 4 —BHEEcH Y. TS 3RO
DS —DDENEBLEVIFEL. FNTF v v 2 2030 FRD TMT EE 2 fRtaE
Bi¥bhor—ry r%2#Eicx 3,

7adzs b cERTS
KE
Instrumentation of
the project
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1. EfET2EE - 8 - k&% EIR 55T / Description of the technology
to realize the investigations

T EESE S X CEBHIE LR SCEXAO &I w2 EHFRR N v 77 — 0k ds
(Ultra-Doppler)

2. EWETIER - 8A - MR EEERTIHE - KICOWT, hoE#, LU
FELIEE T & D LB / Comparisons of the selected technology with other
technologies

HEE R A MO Sm HEEECH EHI T B2, BHEEL: ~kbshcs
D, EFRMFCRBEILE LT B, SCEXAO IEFHRMNRZ T C4 < AIEDEEE & fad
bETHHATEEAZLF L ITART A IRy FELTHEIN TR S7cD, [EHRATR
KRy 77 —HEERMICEIFEL B\, BIFERE X7 7 4 N—FIHD k55 HE I
ImiFeEmbdbTary s bThh, FEGHD7LF L ITALTH S,

3. RERKEBEDEELHEE / Major functions of the proposed instrument
- AIRDE R ES SR

- OV BRSO

HLLLRZE 22K,
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7.

709zs b BT
F—%

Data to be obtained

(157 — %)
o i 10 FERHIICh 7 5 EBAMEUE OBFEE (8 cm/s) szt
® 9 10 FRHIIC b7 2 EBFEIEROBIIE (8 10cm/s) Bz L
o BEKT ST — 4

(f#tfr 7 — %)

® [HERENIC X 2 BHHEE L % bR\ 7 fBHT IC X 2 HhEREIR 2
® o X — KRR

@/l L—v a VT

(B#E#HY)

o KIGHIE % b ) OHIRAIRE Ol & Z OWE T A — % DEH
o RFEE T b ) OMIRARE O & Z OWE AT A — X DEH
o L WEEDKRE & 2 DHLE ST A — X DEH

OREDNF I/ 2V ¥ —vay (HEsXFRR) DR

8.

FERMER
Key technologies

PART III: Ultra-Doppler

1. TERNERLAR DV BDELRKHTTESR / Key technologies and those
requiring further investment and development

(EZEI)

® FHEDL N

® 7 7 AN (v IrrEe—FT7 74 —FIH)

® HHTRRA LR EE Bk & tod)

O 7 7 AN—HEANFR (Fu 24 THY)

® S H R IE

2. BN EEE O K EL T ESR / Assessment of uncertainties in
technologies

8.1 DMAELRIC X W ERE N D REMBREHMCTH ) FEREL s, SR
DOTT =NV zy FREEL, FECEIZERTRED 50 £ HRO—HDOHL%
HAN—F BREHDA  ZHA T A BFT5,

3. BIER i 0;ERSH / Assessment of heritages

® HHELEHME. 1RIEFTER L TH Y #%E 2000 FT MEMS RIZERS. Rk 3000 5
FALEREOHIEHLE T, X L —AHEEFAED 1600nm T 96%., "JHED
550nm Tb 70% & EHTRAZEKTE 5, chick b, FAIRAERCE T EH
[ERDHEIPERCTE 50, ImIIHFOmdOTa v 7 FAEELE A D,
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® 7 7 AN—FHiDIFEHRM TRV, YV ILE—FT7 7 A N—DFfHICLD, E—X
N ARXBEEL D7D, WHRDLOIARAI T v T IT—%fndC ic Xk 35FKETR
Wb,

o TR 7 otds &, Al s X UM TR 7 v v 2 v @ F#EBAZE, RN TH] &
IRD % Sué&d 3 AleetE % it 3 5. $%#& X HiSPEC ~OHM b &, Eito X 5 (C
EHFRRAR SR Z 2 v "2 +CH B e EEREEFmHD TR,

O 7 FAN—BANFER (T b EXATHY) : vV INE—F T 74 N—~DHEA%
BRILITSRDDT+ b=v 7 v 2y RERT %,

o MDA ER FEBEITHEMAEA. 25 wiE. AIST & 0XFRFELZEEL T
%0 N TR Fr v 2 IRD Aod0xHw3,

HBEINZIX}P
Cost estimate

10.

ARAEF oI FNFIFvoRIL FHTFRIFvo I
4 1&M 1.5 1M 4 &M

RS DIRE. g CoBERERER & BT cd Effizd o GRAEEL
% L RRIERE) 2 b OHEEIEC. BREZRKRE e 3@, RItEERITZES o
AVEDL DRI L T %0

BT~ Y 7— LT
BAFAR LR
Technical heritages,
technology
development status
and plan

11.

1. FMANUT—J L ETRAFEIRR / Technology heritage, development history
and status
H EREEETH ) REEEYU L 2\,

2. $1fiBFEEHE / Technology development plans
FBRENTD T 7 A N—BAERZWTL D, IELILOFELCE—ZL ) A XD
B % MRS 5. RTHKL T o BIERAS LR L Bl L 2B b 175,

702z DY RIER

Risk Management
Plan of the Project
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EAN7eY 22 FDORBREL LA CENOKRFEZDF—L EHHILTHED S,
BRI A — v Y % R REICIT 5 6
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12.

RKXEAI2=T4D
FriurTeE 1 (TR D ERER
Strategy for the
Sustainability

of Astronomical
community
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INBEB LT A e A —BOEFLEENTE vy 27 bThh, »

O\ AlEDEE X SRR K EFRFERR L KT 2 LTHEHEELEZ 5,
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The University of Tokyo Atacama Observatory
(TAO) Project
HHARFET 2 =KX E (TAO) EHE
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E S
Summary The University of Tokyo Atacama Observatory

(TAO) Project
WHKRFT 2 h1~RKXE (TAO)

Tl
_l_.
5

Project Category
2. Other projects (RESGEHEIDIAN 0| & - [k 0T % & UEtE ORSE)

Abstract of science goals, objectives, and methods

The University of Tokyo Atacama Observatory (TAO) project is to construct a

6.5 m infrared telescope at an altitude of 5640 m in northern Chile, promoted by
Institute of Astronomy, the University of Tokyo. Its major purpose is to carry out
various sciences from cosmology, galaxy formation and evolution, to star formation
and planet formation, as well as to educate next-generation astronomers as a

university-owned telescope.

7aYz/ L OBRLHFEN - HEOER

WHRFT 2 <KXBE (TAO) &7V ALE DS 5640 m I 6.5 m FRIFREES:
R T DHFERFRLFHEN R v 2 — N FEF 2 ETH 5. Filian. AR L
L2 b B, BRERRICE S~ 2RPEBHIZ LT 5 & & dic, RERAEES L
L TRIERREE 2 BT 5 C L 2 AL T 5,

Principle Investigator
Name: Yuzuru Yoshii (Principal Investigator of TAO)
Affiliation: Institute of Astronomy, The University of Tokyo
E-mail address: yoshii@ioa.s.u-tokyo.ac.jp

Name: Takashi Miyata (person responsible for this proposal, project manager
of TAO)
Affiliation: Institute of Astronomy, The University of Tokyo

E-mail address: tmiyata@ioa.s.u-tokyo.ac.jp

7AY 7 MIKE
R4 - FHH RE (FHERER )
P : BRI FHEIE v & —
E-mail 7 F v 2 : yoshii@ioa.s.u-tokyo.ac.jp
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K4 Bl BEE (KERBOBMEE , BAERET 2 7 <BllFTiER )
FiE : A RFERLFEHE e v X —

E-mail 7 F v Z : tmiyata@ioa.s.u-tokyo.ac.jp

Co-investigator and his/her role
Kotaro Kohno (the University of Tokyo)
Takeo Minezaki (the University of Tokyo)
Shigeyuki Sako (the University of Tokyo)

and other 35 individuals (see attached document)

70Yz MRREE L ZDRE
FIEF FRER (AR
AR BAKER (RS - ELRYA )
el X (AR
A BT (AR
fib 33 4 et 40 4 (GIIREZS )

Estimate of total cost
4.1 million USD/year (operating expenses)

#axbroRIEY
6.1 18M / # GER#E)

Estimate of total FTE (Full-Time Equivalent) necessary to accomplish
the project

40persons x 40 years = 1600 FTE

7RYz/ P RBICHELHE FTE (AF) ORRKY
40 A x 404 = 1600 FTE

Duration of the project
From fiscal year 2026 to 2066 (possibly extended)

7nvxy FEERR
2026 FEE» b 2066 FEE T EED D)
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1.

7AYz/DEE

Science goals of the
project

2.

W)

TAO FtEI ORI ERE (goals) & FH ORI L ElLd X U & 22 H Bk
REOERE L Ebc O TBHICHERT 5 L TH 5,

A= 24 Moy Sicd =g
Science goals of the
project

3.

TAO FtEOFFEHP (objectives) &\ A HEEE DY A M ICKREIFRNFREEHS %
AL RMEER R LAY — x4, BRile=%) v, RERBEHI*ElT 5 C
&Cy LELoRFEEE (goals) Z#RT 2 L TH 2,

7avz/ FORIFR
ERLBERORM
Rationale for the
scientific goals and
objectives

1. BZHNERORY : AROER. HZAIPFOMRIRR. F / Scientific
background, status of the relevant scientific area, etc.

FHOEE & Ebrs L UCEME ZN 2T UHIREZRE o fE & #EL oI I BRR
XFOHED HEE (goals) TH V. ZDEKD DI HFw, B, BHHEMEY 21—
vav, ERNER, IV 2—v R ELEOT Irn—FnL b TE Lk, TAO it
HCEESFH ), HE, RARE, KBERKRE, EFWECET 2 2842 E#RE
b 7c b RARBIANIC X b BEE (goals) oEMUCHEt FRAMRBIHIZRELT 2150
oM ERTIEESE &, HIRRKOPE L BT O FHEREEL ZNENOF R &S
HLARBOAF ST EESIL CE o LELDBER (goals) ZERT 2icid, BEARE
HIRFE 2 A L 2 RNRIC X BRIV — <A, Bfle =%V v 7| R#aBEHEI2ER
HTHd, CNbEFEHRT I ICEM ERBEREREL T 528, HERRKIC X 557
NIRER~ DO ZEDO KB E L A 5, TAO FHEICR T YV EFMET 2 4~ @ oFE S
5640 m #AIC A 6.5 m ORBIFRNHFEEFT 2 ERT 5 cC oM@z RS %0

2RETZ7OV/PAVETMIERSBICEICZDELZSET DD / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area

TAO 6.5 mE@ZEL A5 C L TIRFCEBERT 7 v 7 +—, BFHE, EHE. 2N
RESCNPRER ELBICh e 2RIERERRIAE NS, TAO ¥4 F CHEHIERARR DE
RREL S EFRMED 0.9 — 2.5 1 mETCRBERESDWENE C A GER LAY
FLERIRTE 32, chic kD Pl dERELCFEHRERIE B & LR TTIRE L 8
FIOBERRAIRY — XA TR E RERBAFRFCE 20 FREIFMNET T 7 - 24 1 m
TEWARRERE T ER T 5 C iz, 30 ¢ m TR L Z& 2 ARK&RY 723 EBLHIZ W] BE
Kb, CHICEDPIZEX R MCELSED NARE2RFORESEERTZ 3 5K
RoORME=2Y v /CEBHAROBILLTIREIC R 5, HiEHiz 7L ¥ v 7 VICHERT 5
T LTy ERRECENECFH=2— P JEDOVLLF A vV v —A4 XV MCHT
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4.

% TR > D B D FRARIC X 2 BB % FREIC T B,

A RETZ7aVz/bave T oA LBE, BE. KROMBOTASI M
% - &L OBE% / The competing power of the proposed project concept
and its relationship to past, current, and future other investigations and
projects.

TAO 6.5 m EEHFFHAREESORIMERET CTH 5 20, TFRNEE X CHHERAN
BREIC B Wl REESE L L ClmE/KEED R & BRI MRRE T ER T 5, JWST 2 ik
L® LT 2FHFAMIEZEECERE L d0n, BEABABHOZ ) ¥TLIL
TAERBRADOERT 2 C LT, FHEEFE CTREEL AEY—~1, Eflc=21 v 7,
TuH BRI % EH T 5, FfkAh v+ 7 oRNEEESEEE B2, TAO
6.5 m EEHFE HARARELIRICRAE T 2 WO RBEZFECTH W HROKRL I 2 =274
~Z L ORENEEL b 72 b3 2025 FICEHEI%ZBLET % 8.4 m LSST #HiEsE (59
CRE) LRICKEBEZBHEICE 2 5id LSST FHEIAHED 2 FEFH Y — 4 | EHBHRY —
XA L OFEEECENTHARDEA L % D,

7RSI MIEETS
51E

Scientific
investigations of the
project

S.

TAO EHHEI T/ 6.5 m EEHE & 5 1 HBHEE L AU ToRFE 2 TEL Tw
%o BB 1HIBIHIZEE & L OERNRE Rk 2 E SWIMS. M & NICE.
HER AR 0 iR iGEEE MIMIZUKU o#f#2R5ETLTw b, SWIMS w3 C &
T, IR OEEEEA S = X o, RAELICKRIETEEMR, 2~ 2 IR0 ERREA Y
DOEBRICE T 7 BRIAFTE I T n b, T/, HERERT 7 v 7 +v—roffb, £x b
([CHE S N7 TEBNSRFIRL ORE . HFTE CENBERIKOTFRNGEIRISZ B & L 728D
FtEE Twb, NICE 2w % C & T, [GEEERFIZOZABINIC X 2 FHFZRHIE S
SRS IRBRIAED Fe T /Mg I HEEGRE O HITE C X 2 55— AR TR o #e7E 553
FEIN TS, MIMIZUKU w3 C & CHRIFERERHBOE DT =X Y v 7
FipRERMEO 30 ¢ m #H&RiE. KEEEOM#IL L X X MK, EFA A+ ofifio
GOBRE. HIREHL/ NRE OB OBIHIS G TE S T 5, fic b 55 2 HABTHIRE &
L CHEHTESOEHKHAROHBHEBHEIC. ~ 7% 2 —LEERE N —X F OR[EHEA 7 v
& —R— + OEFEBNE LY B L L DR GSOLRE S, RNRELSEEHHHE O
TN TERR OFRFE b #D 2ETETH 2,

Rya—v
Schedule

1. XEH»H R 2— / Rough schedule
2026 % EESEK - BB

2027 £ EWHC X 2 EEFIFAEE % Bt
#7140 FEoRPEEM % 18 E
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2. FARR TV 21— IVORZERRA~DEE / Schedule impact on science
EEETRE L TE L VBN 2026 FEOTFE 7272 L TAO OBIRIBEN EIEF Ic 2 = —
7THD. TOBNEIA v AERCeT Y 27 MBS 2 5228 I3IE AR v,

6.

7Rz MCERTS 1. EfET2EE - 8 - a2 EIR T 5K / Description of the technology
Rl to realize the investigations
Instrumentation of 125 5640m O HhIc T RBIFRAELESE 5 X OBIHISEE % B3 3 Bl

the project

2. EWET IR - 8R . SR EERRTIHE - FTICOVWT, bR, LU
LR HT £ D L8 / Comparisons of the selected technology with other
technologies

NI AB= YR T (B 4200 m) ([ CREBIFRNGRERESE B X CEIIEEE 2 S
2 Hiifi s X CSEEAEET 5. TAO FHEiCl 2 b 0l & 5% 2% 1R 5600 m
CCRIEEER S AR A SES B X CEHEE 0T BiE T,

3. REEBOEELEHEE / Major functions of the proposed instrument
DIFic 6.5 m EEsE ¢ 5 1 EHEREoME L Rd,

6.5 m EiRE
¥ Ak F U HEFET % H~ St
F v+ v b —lE (E 5640 m)
FHRORE 6500 mm (FEHFHE)
%% /45 Ritchey-Chretien / #&f#5
ik FE 12.2
kg 25 arcmin
SRR e Ly, FAIAX D,

XV bAETL Y X2

IEFN RS XS HEE SWIMS
Be—r &%, ZRIEDH

ey $ 9.6 arcmin (F&{%)
9.6 x 6.0 arcmin (43%)

B E 09-25#m

e ARt HAWAII-2RG x 8 &

T4 NR— Y, ], H, K, &k

W R fReE Al A2 ~500-1000

% RN R 5
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7.

IEFRAN RS HERE NICE
Be—r w®&, = =t

kg 50 x 50 arcsec ()

B E 09-25¢m

etz HgCdT 256 * 256 NICMOS-3
e = 5y fifae AlAX ~2600

e EFRN LR 5k

ARA R HREEGEE MIMIZUKU
#Be—r wE, B2V v bkt

kot 2.0 x 2.0 arcsec (&%)
Bl R 2-38 #m
IR Si:As 1k x 1k AQUARIUS
Si:Sb 128 x 128
HAWAII-1RG
T4 NE— K, L, M, N, Q, &
E=Tay At Al AA ~100=250
% Field Stacker 1 X % i EEEGHADE

(&2 AIBDEEEE L RIMRE 0 Bt ds 74 & 2 BT

7AYzI b TCEBTS
F—%
Data to be obtained

TAO cERFFFEHEIRRH D 5 b 45% % 7w ¥ = 7 PR & L CRBEBEIC L 77
v RBIENCE D 5T 50 #935% FEMNHHEH S L CEAPTREICEHD 5T2T5,
5-15% FAEIFEZERR & L CORECERNNIES cikiftd 2,

BHclE o T — 2 GRFEAI—EHFRICIZ HRIC AT 5. TAO 23481 2 B8]
HE 5-10 FREEOWIERMEIC CER T 25 CH 5, 2 DRIE HANREFERICRE
T RAROEDOLRMNEEES & L CERRORImEFET — < O Ic#EcHF ST 2
T2 ERLTY L,

8.

FERMER
Key technologies

1. TERNERLARDP B ELTMTER / Key technologies and those
requiring further investment and development

6.5 mEEFEE X U5 1 HEHIEEE > \w» TR BRIc e & EERZE 1 31T 2 iR 2
FTTLTnwb, 48, A9 4+ (FE 5600 m) TOFEFMRBRPFEEI LTS, 52
LR OBHHEEE IC O Tk, SRROBPFIEREICIG 2 3 BINER 2 A A 72T A
YEERLZOEBICHEY AT,
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2HEWMHAHEEE DO KEL KN E R/ Assessment of uncertainties in
technologies

6.5 m EEES L U 1 SIBIHIEEE o v IR BEICBIE & 28RS B 1T 5 HiliEtER A
FTLTwb, 4% A v oA+ (5 5600 m) TOEFRBRAEEHEI N TN, 2
5600 m TOHEESEE & CBHHIZEE 0 2 E B E O FERE S X871~ 7 D BT RTE
EMEE &0 ERE COMRGHEZ T ICER LT A B~ Y 7 TIEER 4200 m)
DHEEGRE OB T CHE L CHRENCHID AnZkcd, REAMELEIALA N
tEZTn3,

3. AFEH i ;EA M / Assessment of heritages

HRKFREZEW T v 2 —<id TAO 6.5 m E@EFEEEICHEL B 2009 FICH
#4 i 1.0 m mini TAO Sz % ik U HffisEiE & SRR OTRE L FfMiL 720 % 7y [
& v 2 —T1& 2000 Fc~V A LT A 70 (BEE 3050 m) € 2.0 m MAGNUM
EEG AR L, Siic s 0 2 R oERE - BABHEICHKII L T\ 5, TAO FHEIC X
ETEXETRESEFEEDOLD LT ICHB L 2 A v N —BE L BINLTH . KEISEESE
DB B EACEE R ERERET RO, cNbOEEFHE s X CEIIEEE ORFE
TR HfT & #RBR % 6.5 m EERSFOEL & BB ORRICAEL LTS,

9.

BEINDIXE
Cost estimate

10.

UNGE-& 262,000 M / ¢
& 47,000 FH / £
HAZE (BX. @E. #88) ¢ 173,000 FH /£
YR VT TAVTF VR 72,000 TH / 4
G ANESFA 58.000 TH / 4

Bl 7 — S Ll
RFIR EFFFHE
Technical heritages,
technology
development status
and plan

1. EffinU = LR IRIR / Technology heritage, development history
and status

6.5 mEEHER L UHE 1 HEHEEE > W» T IXB IcE/E & EBRE Ic B 1 3 Hiffi B2t
FTLTwb, 5% v ¥4 b (55600 m) TOFEIGRBAFHE I N T NS, 52
AL D EHIEEE IO T it ZRROBIENERRICIL 2 2 HMER AL T A
VEERLZOFERICEYHATA L, BECHE 2 HEHIRE & L <. AEtRES L
B RN R AR B RN R YRR DBIFE A BRI T\ B, $72. THETIC
TAO HEHIEB OFFR Z #D 2 C. RARBEEERRAA v & 2 7 4 V2 —CmERS)
$in L KRN RE RS R AR A TN ORI ORI L T %,
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11.

2. $1iiBZEEHE / Technology development plans

R TORF

2026 % HEEgEHAR R
#BHEEE (NICE, MIMIZUKU) o3r s B & R8I o Bt
W7 74N B X B ONEBEHT O ES

2027 % EWNBEIE L LREERA oG

ERETORR

2022 AELDREEORIK 2 G (ZH)

2023 4 EFRMEEDEER TARAYS OBRZE%BItE () A+ U HK)

7AYzIbDYRIER

Risk Management
Plan of the Project

12.

AFHE A BICEES B X CBHEEE OBV A b ~DRRE D RIREREIC D 5 7o OB
ZBEHEHIE -, ENCEMT 2 7 r Y 27 + 2o CEEIESCeFLE & & 08X
205 55, FIVEAOKRE, F VB 72 h~vHBOBIR 4 & & BEREEDO b &
DTS 7H, NERIC X 2 RETEOZT~DREHEH D Ko

RXFEIAZ2=T14D
e A e M (CRB 4 B HERE
Strategy for the
Sustainability

of Astronomical
community

T A O FHHEIF KRR R IHFEZE OBER % FHWD 1 DB Tk h . Himshz v i
FE L CEBEW R HEET 2 FETH %0 7oy TAO HEiEmsE I REMF7EE cHLY 4
L BRTE ZHEOEMBAROFEIA DG E LCHIEHT L C &R TE 3, TAO FHED
TI79 N7 —LTHoAMDE, Z20BICIVARIO ey = 7 b CIEHEL AADEL
¥a a7 4 WEHEL T C EEREALTR S,

IS

Co-investigator and his/her role

Yuzuru Yoshii (the University of Tokyo) Project PI.

Takashi Miyata (the University of Tokyo) Director of Atacama Observatory

Kotaro Kohno (the University of Tokyo) Director of Institute of Astronomy
Kentaro Motohara (the University of Tokyo/National Astronomical Observatory of
Japan)

Takeo Minezaki (the University of Tokyo)

Shigeyuki Sako (the University of Tokyo)

Fumi Egusa (the University of Tokyo)

Itsuki Sakon (the University of Tokyo)

PART III: The University of Tokyo Atacama Observatory (TAO) Project 229



Masahiro Konishi (the University of Tokyo)
Takafumi Kamizuka (the University of Tokyo)
Kazuya Matsubayashi (the University of Tokyo)
Hiroaki Sameshima (the University of Tokyo)
Kana Morokuma (the University of Tokyo)
Hidenori Takahashi (the University of Tokyo)
Mitsuyoshi Yamagishi (the University of Tokyo)
Masataka Imai (the University of Tokyo)
Takashi Horiuchi (the University of Tokyo)
Yuki Hirao (the University of Tokyo)
Shuhei Koyama (the University of Tokyo)
Natsuko Kato (the University of Tokyo)
Mizuki Numata (the University of Tokyo)
Aiko Masuhara (the University of Tokyo)
Noriko Kasahara (the University of Tokyo)
Takahiro Uehara (the University of Tokyo)
3 local employees in Chile

12 graduated students

Zayxy bILERER & 2 0%E
R (R KRY) Fmyz2 b PL
HH BEE (HREKRY) T72h~E R
TP FERER (KRS ) AR v 2 —R
AR FERER (RHKRY: - ENLRYE)
IR 55K (BRRF:)

] BT (BREKF)

LR SEFE (HEKF)

FEil 8 (BORRY)

/NP B (KT

IR B (REKRF)

AR At (BRERERS)

ficks B (BRERTF)

PR R (HEKRY)

EiE A (KR

LR R (EEKRY)

S IEFE (REKF)

SN B (BREKRF)

PR (HEKRY)

/N B (BRERF)

Hi5 | Defh (RERT:)
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hnig B (AR
THH s (AR )
IR B (RERE)
S Db T (RAEKF)
R BN (AR
7V BiEHE 3 4
REBE 12 4
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First Galaxy and Star Formation Investigated
through Participation in International Large Projects
and Japan’s Unique Missions

EBRATLE T ~ DS & HAEE O EFHE <

B 5 HURERT] - FIRETBRL
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B=

Summary

First Galaxy and Star Formation Investigated
through Participation in International Large Projects
and Japan’s Unique Missions

EER BT~ S & HARFEE O M HEHEC

B 2 WIRER - FIRETBRL

Project Category
3. Science only (FHl0%E - ik DL &% A4 = v 2O HFEORE)

Abstract of science goals, objectives, and methods

Studying how stars and galaxies form and evolve over the 13.8 billion-year

history of the universe remains a crucial goal in modern astronomy. Particularly,
investigating distant objects, including the first stars and galaxies, holds immense
importance in unraveling the timing and characteristics of the universe’s earliest
star and galaxy formations. While JWST has made significant progress in
researching distant galaxies, its limited field of view restricts the discoveries to faint
galaxies, making it challenging to find bright galaxies whose physical properties can
be thoroughly investigated. Moreover, since JWST primarily focuses on observing
galaxies, studying distant stars, especially those from the earliest epochs, poses
additional challenges.

This project aims to address these challenges by participating in large
international projects and Japan’s independent missions to observe bright galaxies
and stars from the early universe, which are difficult to observe with JWST.
Through wide-area surveys conducted with the Nancy Grace Roman Space
Telescope and GREX-PLUS, we aim to discover over a thousand bright galaxies
with redshifts ranging from z710-20, which is more than 500 times larger than
previous studies with HST/JWST. This will enable us to conduct research on the
formation of early massive galaxies, supermassive black holes, and the synthesis
of heavy elements in the early universe. Additionally, leveraging distant GRBs
detected by HiZ-GUNDAM, we will not only investigate cosmic reionization
but also investigate early massive star formation including first stars. Furthermore,
TMT/ELT/GMT observations targeting gravitationally lensed individual stars
at z>6, which are expected to be discovered by JWST, will allow us to investigate

the physical properties of stars at high redshifts. Through these studies, we aim to
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uphold Japan’s international scientific presence from the late 2020s through the
2030s, and pave the way for galaxy formation research conducted by Habitable
Worlds Observatory (HWO) , which is scheduled to be launched in 2040s.

70z bOBRERFEN - HFEVEE

138 BEDOFHORCELOPCELRANR LD L S chEE N, #ELL TV oD
FBEROKLEOBEREDO—DTH 5, FHCHIRE - MRS % & 1@ Rik% 7+
5Tl FHRVOL - RO OORRICEE N, LD XS AWEL s ZH2
LCHERICEECTDH 5, EHRFOWIRREE JWST Ic X W BERICELSOD 558, —
75T JWST GHRE AR A7 OB EG A L 2 FE R & 3 B & ) P oFHd ¢
HELZLEZONIHD WA E RO 5 GRECH 2, F7c JWST (&I iR
EBAILCw 27D, PIREZETESTOEZOBHD HL »o

K7ay 2z b Cldy JWST CRREZFEHYIAOH 2 WilE - 2OBHIEZ, &
BRARIGHE~ DS & HAAFES 2 MEOFEIC X ) EH$ 2 DTH 5, Roman F
HEEST - GREX-PLUS ORFHEEHRAEC X b 2710-20 D2 WEEH 2 4Ek D 500 5L
£ &7 1000 ECL BRI L. FHOMOKREERAK - EXT 7 v 7 Hk—1 -« BT
REROME L BT 50 %7« HIZ-GUNDAM I X ) ROo» 2EH 1 v =i N — &
b (GRB) A CFHBEEMZ T TR MRE - REBERROTELZITV, TbiIC
JWST cRo0 % LI N EHOENL v XX Wi A% TMT/ELT/GMT %
TEHT 3 C & © BHFHOMEROZOWEIME ZHREST 5, chicXh 2020 F1K
% -2030 R0 T, HRICET 3 BROBEHFHEMEDO L LY 2% FkH, 2040
FLREICHTS L1 b5 Habitable Worlds Observatory (HWO) (€ & 2 SRR RZE
~O%RIF B

Principle Investigator
Name: Yuichi Harikane
Affliction: University of Tokyo/ICRR
E-mail address: hari@icrr.u-tokyo.ac.jp

7oz MikE
K4 el —
P « ORI FERT
E-mail 7 F v 2 : hari@icrr.u-tokyo.ac.jp

Co-investigator and his/her role /
Masami Ouchi (NAOJ/University of Tokyo) : Early universe observation
Yoshiaki Ono (University of Tokyo) : Early universe observation
Kimihiko Nakajima (NAQ]J) : Early universe observation
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1.

7aYxy MERREE L ZDRE
RANIETS (BERLRXXE [ AR &5 FHEH
NEFERR (BREORYE) @ @ e
PEEE (ENLRXR) &5 FHEH

VA=DE A N0} ¢

Science goals of the
project

2.

EEXRBGTE~DZE & HALEEOMEBFEIC X b, JWST #EhicrNE LR 2 iRk
- EOBHINIFEZ R L. WIRERA - MIRERKICIES .

A =P A Moy S =g
Science goals of the
project

3.

RK7vl 27 P OHWERD 22TH 5,

A) JWST CREFERERI S » (EHHENER M_UV<-21 mag) SRz 5K D 500
5L 75 1000 fEDL L L. BB 2~ 5 C & ©, FHIEOREERATE
% EILREGHR. ERT 7 v 7 v—ABEEFARS,

B) JWST oSRmEiHl & Z M7 77 v =i N— 2 + (GRB) oBHINUTENL v XX
N7 o ZEOBH» b, FHYIC B T 2 WRERKICIES .

703z bORIER
ERLBEZEDRI
Rationale for the

scientific goals and
objectives

1. BZHNERORY : AROER. HXIPFOMRINR. F / Scientific
background, status of the relevant scientific area, etc.

138 EEDORFHOBLEOT T, BLHFIL ok RENRED X 5 KB LELL
TwokDhZBffET 2 C Lid, BRORLFOREEBFEDO—D>TH 5, FICFHT
RUICEENTE (WIRE) LHF (WIREH) 2 8LEAREE, wOED L5 KK
WrREEN, ZENORED XS BEEL > 70 %2 HffT 2 ECEEABARTD %,
JWST o#lHlic X 0 z=10 2 22 DIRFABAO5 0, —HESARFREL LI NT
B, BEOREHRF DGR 2=14.44 £ K> Tw b, FIREERIZ 2-20 T A ICFitH:
L7c L ERRIIICRE X DN T2 DTy JWST ol 45 AER T I E RS O
RS R 2T L BR[EEMED D %,

JWST o##lz o, B TTFHEIN TN LicE < D% WERF 25 2510 OFH
THRO» 5 TH Y HERABPRICO » CTER AR 2TTONL T2 (e.g., Harikane
et al. 2023, ApJS, 265, 5, Finkelstein et al. 2023, ApJL, 946, 13L). Hwc~ v 7
NVEES (HST) oBlfllc X ) Bon b, JWSTIc X o THMR<7 BB b
z=10.60 DB 2 \» (M_UV=-21.5 mag) " GN-z11 &, ZORREMEE» bIEFIC
FEHZB T35, JWST/NIRSpec DA ~<=27 bric k- C, BEOHERTEE x
DNBRIEERBOERHNABROD 07720 T% < (e.g., Bunker et al. 2023, A&A,
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LR AR ORI ERE
# A % % (Harikane et al. 2024,
ApJ, 960, 56 ZHE), FEDLA
YEIAR S RRE SNSRI, KED
BHIRZEDNL JWST o Roh-7-8R
FHER (FEPAREINTLAL
SR, JWST IEBREAI Wb F
ATRENLZELIICHEVLREEEIC
BHLTHEY, M_UV=-21 mag &V
B35 L RIAT 1L 2>10 TIE GN-z11 &
GL-z12-1 LR 2h>ThL,

677, 88, Isobe et al. 2023, Ap]J, 959, 100). AGN ®JkfE= (Maiolino et al. 2023,
arXiv:2305.12492) &4 Pop-1II £ o Jkf& b #H&E & LT w2 (Maiolino et al.
2023, arXiv:2306.00953)c GN-z11 ® & 5 % z>10 OFEHIHICHFET 2005 iR
F KEERAEK. BELREER EXT T v 7 A=A RO b b EBEEAMESR T
HHH BEETICA22>Tws M_UV<-21 mag D% IR z>10 T GN-
z11 & GLz12-1 D 2flosrch s (B1). ik HST © JWST ofE 235k < | %
FEDO/NE I R E B D0 2 0ORHEEL > e bTH b,

JWST o £ ABHINRIZEFMcH O, YIRERKZEZEH TG TE R,
HST® JWSTic &k b, BAHL v XENZBEMDER L D 2=1-6 DFH TR O P -
Tw 22 (e.g., Welch et al. 2022, Nature, 603, 815). W\ 7c», JWST D& %
FoTLTHRHARS bA%BT, WENAEELZRARLCLETETwAV, &
—HBDEGRAClE 2ER 0 D Pop-lll E0JkEL L & b oEiET LT d 2 (eg,
D'Eugenio et al. 2024, A&A, 689,152). FEEMAFEL L BE 2 O T, FIK
ERRZFARS o, JWST X 28HLNOFHIOT 7 e —FBBETcH b,
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2. RETZ7AP 7 b AV ETMIEZESTICRICZEL=HZ5LT5DD / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area

AKF7w s bTldy FHUBHOHE S IRF O KBEY v TV 2 B LT L ERT 5
T Ty JWST o ol & &b CEHIRFIER OF— 2 B % FREC T 5,
¥ 7 GRB * B0 £ 0@l % @ L CHIRERHKICES,

A RRTZ37/AV s/ bave7tnEHLiBE. RBE. kRofto7AL I HFR-

E&E L DORIR / The competing power of the proposed project concept and its

relationship to past, current, and future other investigations and projects.
KImy x 7 b OiEHE, JWST Bt ciiREECH 2 PEEATIRREEIC. chET
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4.

DHADBHZEH LTI MU R TH 2. EHRMOMIERE JWST Ic X o> THEBIcHE
ATE Y, Z0FER GN-11 2E T2 WIRFIORERAIERE ICEH 2B U Tnd, K7 v
VxZ b TCREDLS BFDL VI Z, HASRZE T 5 Roman HiEE S H RS EES 2
GREX-PLUS (¢ X 3 AR E CRBICHA ST 50 EHFHOILEEEAER L E CH
RH331E 5 HiE$E D Suprime-Cam, Hyper Suprime-Cam %ffioC) —FLT& Tk
Dy AT mv =7 b OFETOBICEZ ORERE TGS L TR ORIt et L8212
5T LENTE Do

7RSI MIEETS
5

Scientific
investigations of the
project

B 2: KRR OB, L AFILIETF
HOELERLTEY, TICKFE
PAN—FTBHET—~ - TARE
ZRLTW3,

K7y =7 bk, W8 A) IRFIBEEIC X 22 WM oA & Hi%E B) GRB &t
FRNERENC X 2 ¥RETERL @ 2 D DWIES G D D0 ¥ 2 ICHilg 2R T o

EvINy

FHERMF RERIAL ?

REDIRT

0 130
RE L)

BOETORE < JWST ,
ROADOR T EBTMTHWOE (F BPIRE)

BA 3 LW\RA DR E Roman

(FZEA) —2080__, GREX-PLUS
E0BE %) o HiZ-GUNDAM "
~ TMT/ELT/GMT+HST/JWST

MR A LEFREICKZAZVWIRADEE

2um % T% #°—F % Roman &z & 2um Bl L% #7—3 % GREX-PLUS #H
W\ z~-10-20 DS WERF[ % RER D 500 5 & 72 % 1000 fELL E (z-11:1500-4000 f# ,
z2~13: 60-7000 f& , z~15: 40-3000 1 , z-17: 20-100 f@& , z-20: 10-50 &) R>F %,
COREBEDOHRF S v 7% JWST 2 ALMA <#lilll+ 2% c & T, DhFEET 20 Th
SYBEMAMEZ RS, chick b, AEERTHL VHZ AR o TWED
7% OEHEFAR, GN-z11 KA bhic X 5 ARE ARSI A D5 L 5 5
DR, 72 AGN okfE%HAR, EXT 7 v /7 +x—1VoBEZHIET % C & TEXR
7Ty AR AORFEICIES Z LHARETH 5, TD X5 BHAS IR, JWST <#l
HIc& RO AERFI L D D XV FHOWMATIE L L E2 bbb DT, Finkh
BPFEND CETX WHRIRFARRICES TR TE 5, $hEPIOTey =7 MR
RCHD X5, COFRBETRDD LD IRFOETICIZEILRBLRE Z T T AW
A AREINT L AEER D 0 WBEAT A LHEL 20 ) OIRFER 77 v 7 R —
LHBEETE 5,
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S.

3% B) GRB L AFAEHRBIC L IR ERK

GRB B REEEDIBRZLEZONTE Y, FEFHICHL O EHFEHCRE THH
HIZsmlgETH 5. HiZ-GUNDAM & z>7 < 10 ALl Lo GRB ##H3 2 FETH %,
cnboEHRTREE GRB #5122 TMT. JWST & o 2 tHFiNo KBS RS C8
BHT 2 C & C, FHBERELE Lya BEROBHICHR 720 Tch EFFHFOK
BEBROWMEL BFTE 2, KRB C L GRB oREL%HIE L. HST/JWST
THEONT W EENENETEE L LFHE L 2 ERE L ik 5 C & o, ¥IEERESIc
HIBRZMZ 2 C EATE 3, BIAFHTRISEELEKNC & &t CMBREREC & T,
T 2 ERMBIICEZ 20 WIIERBKA top-heavy IL2 2 C e B FEINT
w37 (e.g., Omukai et al. 2005, ApJ, 626, 627, Chon et al. 2022, MNRAS, 514,
4639)s TNEWAET 5 C L BFHEIC AR D, X HIC>10 2R 2FHICE T 52 KREE
EOBRFELERRL C LR TE 720, MIRE (Pop-lII £) DEFEZELLC LATE
20b LNAv, Ty HSTRJWST kY, ENLv vy XS nicBifdoE%r, TMT/
ELT/GMT & w57 30m 7 7 2 0#h RIS ESG CBMlT 5 C & T, EBLAFHOED
YE A EE R e b TE D, BERAEADTAO % 2 [ZREASHEERCH L L,
JWST cidfBoniasr o7k 5 %E SIN HORXT PV EZRFURFIRECH 5, CICLD
EHFHOEPEEFEHEDO D DL HRTED X S AE 2 > T2 DAhFHR 5,

LR L b, HEPIOTrY =7 MEREIC X D BEVE S8R 0 5306 F 1) 7%
WHZBMFES 2 C L AFREICA D . EATFHICH VT, B2 OREWIREL B2 Wil £
JRAZAF Iy 7Ly VORKEK « #IEORRF 2t —ICEE T 5 C L AAJBEIC 2 %,
ek Wik T 3 BROESFHED 7L ¥ 2 2kb, 2040 £LIRICHTS 1
Foind HWO i X 2 ZHFHME~>% T 5. HWO @ 6.5m #< H band ¥ <3t
B ORISR GEE L&, JWST cRIERTE AW XS RIFFIC/NERAHRAE
BOWRA % 2-6-10 DESFFH TR CTE, Th bz TMT/ELT/GMT chHxdhid,
AT DB %2 BB 5 © L BAAlBEIC & %o

RyTa—Iv
Schedule

KEDMHBRT T 2—I [ Rough schedule

< 2020 R
WEA % 2<~13 % TIT 5 0 2020 FERZFICH B LT b1 5 Roman S8 O JRFHE 7 —
ZEFN, HZ WRFMOEEZITS .

<2030 A
W7 B 21750 2020 FRBELLBECHB T2 TMT/ELT/GMT % v, JWST %
ETHRHOD B EFHINIENL Y XS NEMOED D HEHIZIT5. $7 2030 4
fHEFTH B bn s HiZ-GUNDAM i X Y g S W igFxFHRE GRB #4113
2 TMT. JWST &\ o e FNo KBS RS CEBHIT 2 C &t KEEEFRKD
W% BB 5.

-+ 2030-2040 4 :
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Beyond the optical observations and behind the dust:
Probing optically-bright/hidden supermassive black
holes in the multi-wavelength Universe
ZIRIBREHICH o 2 C T %

HMEKT 7 v 7 h—Efesh
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Summary

Beyond the optical observations and behind the dust:
Probing optically-bright/hidden supermassive black
holes in the multi-wavelength Universe

L RSB CH O 2T 5
BEKRT 7 v 7w — s

Project Category
3. Science only (FHl0%E - ik DL &% A4 = v 2O HFEORE)

Abstract of science goals, objectives, and methods
Wide-area and high sensitivity surveys, unique features of optical-band
observations as of now, are undergoing a transformative phase from the 2020s to
the 2030s, expanding their wavelength range to include radio (VLASS+ngVLA) ,
infrared (Euclid+Roman) , and eventually gravitational waves (LISA) . In this
project, we summarize the upcoming wide-field multi-wavelength and gravitational
wave surveys, which will open new avenues for observing supermassive black holes
(SMBHs) . We emphasize the essential role of optical and infrared observations
in revealing the physical properties of SMBHs, and the unique contribution of
Japan’s optical-infrared community’s instruments and team efforts holding data
rights of such surveys.

Specifically, we focus on exploring the universe at z>=3, where black holes
experience rapid growth, expanding our survey domain to z>=10, representing
an exploration of early black hole formation beyond cosmic reionization. By
combining multi-wavelength and gravitational wave observations, we aim to
uncover dust and gas obscured SMBHs in the distant universe. Combining the
UNIONS, Rubin, PES, Euclid, and Roman data with multiwavelength ones, we
will uncover important physical parameters of SMBHs such as redshift, BH mass,
gas accretion rate. This endeavor aims to elucidate the birth and growth history of
SMBHs across the universe from z=3 to 10. Finally, we also touch the potential of
SMBH exploration with GREX-PLUS at z>10.

7RZz/ POBRLNFEN - FEOEE
B O 2 = — 7 RIFECTH 258 - BEEY —~A4 &, chnb 2030 FRich
JTEEHZ B2 £ OWEEZER (VLASS+ngVLA)\ 7~ (Euclid+Roman)
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ECIRP, ot A CEAW (LISA) KETCZOHEBZIAF T, KFavx
7 b TRy COEEMCETE I N T REREZNE + ENEY —A 2Bff+sc e
BN 2BEKRT 7 v 7 +—n1 (SMBH) BHllicow<TiiEd b, 20 X5 ARiLoH
T b EER D FERE D D B R 2 RO 23~ D ICEEECH B Rk R, X HICHARD
AN 2 =7 4 OB - T2 74 VR =— s AEE R R T C L BB B,

B E BH 2L REZ R T 5 2>=3 OFHICEB L. FHHEERMOMC 5
CH MR BHEETH % 25=10 £ C* DFEBEBE LT 5. L EEH & B EH
PHarEDbE, SECRBIINTELL X ClEBEI N SMBH ##&%f75, T T T,
UNIONS, Rubin, PES, Euclid, Roman @Yt RANREEIZ, FRAREHE L SMBH
AR OAREEFICR e R R TH 28 - BH BRI E cEEAKEIZHS C &
R RB, cHICE > Ty FEHD 2=3-10 ¥ TtD SMBH 0A43t - iES OEHCHk T,
Ht&ic. GREX-PLUS T z>10 » SMBH & A[REHEIC O W T hfilt 2,

Principle Investigator
Name: Kohei Ichikawa
Affliction: Waseda University

E-mail address: kohei.ichikawa@aoni.waseda.jp

7AYo MRS
K4« mi)lEF
FiE « BABH K2

E-mail 7 F v % : kohei.ichikawa@aoni.waseda.jp

Co-investigator and his/her role /
Yoshihisa Asada (Waseda U.) : Science Investigation using ALMA/JWST
Takuya Hashimoto (Tsukuba U.) : Science Investigation using ALMA/JWST
Masatoshi Imanishi (NAQ]J) : Science Investigation using Subaru
Akio Inoue (Waseda U.) : Science Investigation using ALMA, JWST, GREX-
PLUS
Takuma Izumi (NAQ]J) : Science Investigation using ALMA
Yoshiki Matsuoka (Ehime U.) : Science Investigation using Subaru/PFS,
JWST, Euclid
Ken Mawatari (Waseda U.) : Science Investigation using ALMA/JWST
Tohru Nagao (Ehime U.) : Science Investigation using Subaru/PFES, JWST,
Euclid
Masafusa Onoue (Waseda U.) : Science Investigation using JWST, Euclid
Rhythm Shimakawa (Waseda U.) : Science Investigation using Subaru/PES
Yuma Sugahara (Waseda U.) : Science Investigation using ALMA/JWST
Takumi Tanaka (U. Tokyo) : Science Investigation using JWST, Euclid
Yoshiki Toba (Ritsumei U.) : Science Investigation using Euclid, PFS
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7adxy MtRREE L ZDRE
EH B (BRER) : BEEmaHEY (B - ALMA/ 79 - JWST)
faAR it (BR) - BIEEREHES (FER - ALMA/ #5438 - JWST)
418 B (ERLRXE) : BEmaHES ORAMR - 373 2 2E5)
b R (BRRER) - BEREE S GRAR - JWST/GREX-PLUS, & -
ALMA)
R (ERLRXR) : BEEmaHEY (B - ALMA)
Fabe BAs (FERF) « BEEREHEY (FIHDE / 75 - PES/JWST/Euclid)
FHUE f# (RRRER) « BEEREHEY (B - ALMA/ 775438 - JWST)
RE & (FEKE) : BIEEREHES (AP0 / /5 - PES/JWST/Euclid)
Bl EE (RRHER) : BmitEy R - JWST/Euclid)
M E (Kavli IPMU) : BE@REHEY (RAAR - JWST/Euclid)
I g (RARFR) - RREEREEY (FIHE / 75 - PES)
EEALE (RRER) « BEEREHEY (Bl - ALMA/ 77942 - JWST)
Bl QLR « BEEREHEY RO « Euclid/PES)

VA= AN)) ¢

Science goals of the
project

2.

FHICBFI3BEKRT T v 7 v— 13 EDHE & 2 DWBIKES 2L 2 Cd %,

7Bz FOREEN
Science goals of the
project

3.

AR B, RFic 31X 5 HSC-SSP I X 2 A Y — A4 BEEEBIEE /X
o z=4-7 O &5 O IEB R #% (Active Galactic Nuclei; AGN) « 7 = — % —% £
BHEALCTE /o KT v Y 27 P CRRITONIZZHELEY — XM BlHITH 3
UNIONS+Rubin "AI#5t % —~ 4 | Euclid 7#4+## Wide-Area Survey, Roman wide
survey, ngVLA B survey 2 20 &b¢ 3 c e T MERT 7 v 7 F—ARZRELE
F2z2=3 OHIRBEKRT 7 v 7 x—ABHFEL S S 2=10 F TOBEKRT 7 v 7 H—
N DOFHERWELZES . 2D X5 ZRRIC A - ThH HHRNMEEEIZ AGN % Cof
HiRBHE CARENCEREcH Y, BEKT 7 v 7 +—1 (SMBH) EOAKREW Y
HECHINE - T 7 v 7 - VEBERDIBICEETH D C L &k~ 2%,

703z bORER
BERLBEZEDRI
Rationale for the

scientific goals and
objectives

1. BZHNERORY : AROETR. HZAIPFOMRIAR. %F / Scientific
background, status of the relevant scientific area, etc.

HBEKRZZ v 7 +w—n (Supermassive black holes; SMBH) o## & BH ~» 7 %
5 CcBl 5 < TEBEERMEL (Active galactic nuclei; AGN) % probe & L TfibiT
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® 1: () 31£% /HSC-SSP &l
THREIN 2=5-T D/ T—HY—D
KER# (Matsuoka et al. 2023) .
(/) EHEIWST THRRIN, &
Z MBS T - BB RS L AGN
(Little Red Dots) . 1& % E il T
7 T—Y—REBE#HH,LFRIN
HZELHBEICKELREBELVI/SH S
(Kokorev et al. 2024) .

¥ 7co AGN OHEED/NE & (-6 Tn-107 Mpc?) Wz, #EHFEH D AGN #HE
FIEEY — XA FE, OF D EAHDEY — <A CEBEHICRON T & 7o HEEHIIC X
% AGN #2& & 2000 R SDSS #—~_4 % L. HARD HSC-SSP HEC X 5
1000 “F Lz B 2 % IR BB 2=4-7 © 7 = — 9 — LRI & Hrivih 23
D (knee) ZE&DTHIDTH LA IC L% (Matsuoka et al. 2023; B 1 %),

AGN FFE R AR 2 20 TiFMEE b o THIZESED b T, —D@, X ) FHH)
Bi~ems s, ¥IKBH 28> AGN#HRETH 5, 2>7 B2 5 AGN & X Ly o H#
ROTRNRERE G1lpum) CAS T Ehb, BRCTEENRE AGN TH 5 7 =—F—&
10 RIEL TR E T (Wang et al. 2021)0 vk, HEHE2 1000 deg” %
B2 5 &5 RIRE» OBBE RIS — A 23ThbN s L RUB—ET 2 (4a. ZH),

b5 =2k KA LD —T v CREIN AGN OBRETH 5, TFED JWST AR
BWEEZ DR — <A (-0.01 deg) CdrrbbF, ZOERIAREEC K >
TXAFTRINZE N AGN ZHRX W THE LT, chb i JWST Bl R
(2=5-8 IL BT\ LW EHT >4000A) T# 2 MK (Av-3 mag) &Ebh 2k
A7 bbb, JWSTThav s b a4 A=V %FFDC L5 Litde Red Dots
(LRD) &M T2 (Matthee et al. 2023)0 BRENC & 1IC, TOREL A7
P RO AGN OBEE FIFFICKE < (2=5-8 T 10--10° Mpc”®, 1 HZMH). &
FEHCENATE. FELTVWZEIVEZLDAGN BEFEET L LERELTWS, B
Wiz 5L, A FELDOSMBH 2 272 LTy 3 AREMER S O . XX MEDE
DHEEZ TR VEE. FICERK - R - X coLEEmEE AGN REXHEZECH
5T LRREL TS,

1000.00 ® BLHaor HB, Greene+23 @ BL Ha, Kocevski+23 % X-Ray, Giallongo+19  Q Scholtz+23, Type 2 AGN
@ BL Ha, Matthee+23 [0 BL Ha, Harikane+23 A Maiolino+23c ’ Red Dots, This Work

T e
100.00 | i T oouwen+21 ] ! T T Masuoka+23 ]
= -~ to —Niida+20 | [ 7
o 0 E - Kulkarni+19 | | ]
g 1000 > [ 40 T Galaxies ulkami+19 7 r ]
. £ -4 s.—.g A % B 4 =
T P + " p L9~ SR, .. 4
o 7 L : F - ]
& 100 ' L Red Dots i -3, $- .
¢ L " g :
- ~ 5 . L % ]
& L L \ ]
0.10 = _F [ \ ]
o -8 \ -
12 Tt e S W ]

0.01 H H \ 3 =
. g q I S B IR W 1 - 1 PR BRI Y N
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Miaso (mag) Myy Myv

2 RETZ700z/ b avE T MIERSBFICRICZEDHZ5ETHDD / Goals
and objectives: new scientific steps the proposed concept aims to
achieve in the science area

AK7my =7 bk Euclid £ & Roman ’ARREC & > TERITDO W3 [Rigi»D
ERRETRINEY — X4 ZFERA L < YIFHS X CFHBERY (2=6-10) © AGN #
BEET5 T FHEMROBEKRT 7 v 7 x—10ftd - REZHGCT % (4a
B, T bic, ZEEBHICX>THF A bTlRE N AGN 2HE L. 4 CcRBIX
NT &7 SMBH OBEHE EFRE BRELHG 1T 2 (4b, 4e)o TN O OYBEED D
#If% BH £k o&EiE. % 0 RHE#F 2> 5 Lambda CDM model ~® tension % &#iw 3 %
TEMTE D,
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4.

I RETZ/N/bave7 oA LBE, RE. RROMOTASIF, AR -
BE&E L DR / The competing power of the proposed project concept and its
relationship to past, current, and future other investigations and projects.

ML 4 TR B 3, KT mY s MIRETEEEFE CITbh AT E 5 /HSC-
SSP H—_A FHNTITbNHELEE LR > TS, HSC-SSP 4+ —~x4 #@BL T
4k SHELLQs &\ 553H AGN & T — 24 (PL: i) 2HEL s, 20 Kz
DM E NS B 7 = —F = KB~ TR CHEBOMLEYHE S, D
RERZ G LT 257 DBEAFFEH AT 0 Euclid+Roman BE IC X 5 [REFHRNRY —
A I & ST BRI — <4 ©H 5 UNIONS+Rubin AIfDES —<_Af Z 2D &
Nh HEADKFNET I 2 =7 4 pOBRBHINZPI A v =T 7t AFEETH ) T~
@ HE UNIONS #H¥ic & v» Tk UNIONS Photometry Catalog % H\»T AGN %
YINMEREBEL CTwb L 5 TH B (Yoshida et al., 2025, Ap] in press., Zhong
etal., in prep.)o

¥, AT vY 27 b TiRREZEH e AGN HFEEHICOWTH, WERGS 7—2 (PL:
M) BEERELTY—FLTWw3, WERGS & & HSC SSP #—~4 & VLA/FIRST,
VLASS Bl — A % pF &b BRIV —_AF—L4TH D, TOEHINK
AGN 0% v Fr ot 3135 HSC-SSP @ Deep Field TORf%EL b2 % —F LT
#0 (B32M). Deep Field ik - HEFRNKROEH b & A 72 u2k Joint Catalog
Field # T, B XERTHZ Wich 225b b AN CIERICHE . B2k E -
7z Rz%iwv (HSC-dark) A REBFER I NIAED TR, ThbDY v TAEED /v
AT EWENTC LTy XY IAEA Euclid+Roman FAKRY — XA TH D iz AGN @
BEETS.

7RSI MIERETS
L3 A

Scientific
investigations of the
project

2: [REARMNE Y —RA DR TS
835 . Euclid+Roman Wide #—~
AI2&Y, z>=7 2BV TH, K
RYEEEHZTINDS AGN OF
EBHBOITNMAYEHN—-F BT
e TED (L et al. 2023 & —EFR

%)

M1as0 |
28 26 24 22 20 18 l
1072 (a) z~7
Bouwens+ 21
galaxies Harikane+ 22a
- a — -- Harikane+ 22a
a- 105 I a*" —— unobscured QLF
I@ . \ === intrinsic QLF
o :
,?E 107
1%
Q
=
= 1078 S
$ \
© \
10-10 , A
Roman wide \
\ | Edclid wide <
10—12 | b X
-18 -20 =22 -24 -26 —-28 =3(
Miaso

Euclid /45 2 & Roman FRAREEIC X o CTHRMNE D IAERERE ¥ — ~ 1 2{7h
npciickh, M2edHs k5, AGN OHERBEEOH W 230 (knee) %1k 5 E
BABIHITHIRE . 2>7 AR T % € & A3FRELE & Do

P v IEE 257 TE X % 120 KiK. 2>8 TH & % 20 KiK. z>9 T FRME A FHE
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B 3:HSC-SSP #—~A THRR N
7= HSC-dark % & 3% AGN (%&£ L)
FHBEIN3 SED (£ F) ARk HsD
EIRICES cutout 1 X —2 . HSC
HENHET dark" THHI LA HD
%.(H) BEAGN THBZEeHE
Randzeicky, 18E W color-
color plane TX X MR %EZ =2
I—Y—FENABEERD .

En<Tw3 (Li, Inayoshi, Onoue et al. 2023)o

Fuclid =5 Ef& (Primordial Universe; PU) F— 2Bk & BARDEFF— 24 & Ao
THh RERRERD 2025 FiCBs T, 7+ v =7 v TBHCHERTCAW Y YV — 2%
BHWCREL TV, B2 WRIKICES &, Fx DF— L A v oN—C k5T, Euclid
Grism 37 T% 2-9-10 D RESBRABHE X N AREERDH D, ZhbDHHKY I 2
L—>avbfioTwb, fic Euclid TEIR X N 257 AGN KiKiZ 51 % /PES,
TAO/SWIMS C X > THHADARETH 2 L b, HADKFNE I 2 =7 4 R
e RERKREL DHT7 v —T v X BFHRBRBCIFATHREL TSy 2
7 b —=F%H5, Bic GREX-PLUS 2ZFEHTE, 2-5 um B COERBERE T — %
BEOND 72D, 2>=10 L WS EFD 7 T—H —FRELS BRDOFNEF —LCY —F
T% 5%,

4b: # AN AGN BE (ERER)

BHD 7 T—H—FEE, BEARE RO Tw 2 7 =—%—D SED o728 2=0-6
TEIEA R AT L 2R E LTy ENEESFHICHEET 5 & LT color-color plane ®
5b EOEBICK S e THIL, v I Bz #] 3 5. —7 T color-color selection
/& interloper 28T b T\ RN DI ERIRIZ brown Dwarf 227 = — % — & D
%% interloper & LTHIONT WD, — /AT, loWRETAGN 2 3 &ZIRF 5 &
RTENR. £ X5 7% interloper D-LELZBIEY R\ v T2 RS 5 C LA
T& %, A% CCOFHERMBEEBROIR LN H — A4 fHElE L CBKEOE X 22 bl
BEINTE e, WERGS +—~x A4 F—Lnic k> T VLASS % & GHz # D& cHA
%<, AR E Bl X A vw HSC-dark VLASS source & EFRENTETH
D (R3ETF). EFHEA 27 VT L220H5%, cnbTEHI N AGN @& color-color
plot TR X % MK (Av=1-3 mag) %% 7%/ =—3%—o SED OkfEERL T3 C
Ehb BHFEH (257) KT 234X Fclld e AGN OBEEABEHREK L ZoTwn
3 (B3%). coFE% Euclid Wide SHiC/ZiF 2 c &<, Table l €2 L 5css
X% 10 TR#E D dropout radio AGN ¥ X 1F 2000 KIK(E & D z>7 O X A + R % %
J 7 AGN BE#RKE RO 2 C L 230[REL 2 Do

SED, photo-z, cutouts of HSC VLASS ID2

ol Z=211%045% =5.49) ~ Zoust = 2112045 = 549 )
z2=09.16%0.245(x% = 1.1) =7 Zpest = 91620245 e = 1.1 35
10 2z~ 8 QSO Candidates
L~ | [7] Targets for JWST cy3
E 10 { ) L/M/T Dwarfs
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% 1:Rubin fEE TR REINS VLASS
THIB L 2>8 DiEF AGN &

S.

Table 1: Expected number of dropouts of radio AGN in the Rubin footprint
u-dropout (2 ~3) g-(z~4) r(z~5) i(z2~6) z-(z~7 Rubin-dark (z>7)
Value 65,000 30,000 14,000 4,500 3,000 2,000

b Euclid TRR & 12 KK REFRRE C <24 mag & BRI 2 WKk %
(s T3 [IPES % % w»ix TAO/SWIMS TR —~<A4 21723, chboREDZE
REDRFEIET 2 LnTREL B D, TNOLERIARFEINEIHZ X0 AGNLES X T
EEBEIEFCRE N L BTFHEIN, FICORREINT 28 KB L B3bhb L,
BHRECOWTRUIKT Z v 7 F— L DHERAH =X LICDWT, SRR DOW»TE
CDM =7 A5 bFEINEMEEED LIMECHHAFHIREZ 525 C L8 TE %,

4c: &\ AGN BE (BRER)

JWST c# R & L7c v AGN. i Little Red Dots (LRDs) I 2T 4%%
2oNdI A4 Ty ZBREEIT5. HRO JWST +—~<x A1 ¢l LRDs ¥ —~1 & 5<z<8
ClEbhTws (R1ESH), chid, z>8 TREEDE L 3 JWST/MIRI i &k 2 4
VIWERBBEL B0 THY, 5B ZL oFEHREOREBHFCE LR, %
D—F T 2030 FERIC FEK D VLASS £ 0 b GHz HcoRER 2HLL LR ET 2
ngVLA 57 7 —2 b 74 b %04 30 GHz #1242 M MOEOHERITIE A L\ HAIC
FLBON 258 DiEH AGNHEICRETH 5, 7. LRDs OEE R IEFICKE
WC EEFER DL, RARBEILEED 2 &2, BEREINL TS 10 FHFERED
ngVLA #—~1 (Kirkpatrick et al. 2018) T £ < Dy 1 7c AGN BFER IS C
ERTFHIE NG, TND R BHEES/ NI W &5 JWST &l o 3 clonig X
nTH Y (Maiolino et al. 2023) , FKEtHEIC©H 2 ES1WE L LISA o&ifo 2 —7 >
FMIFAIR L 2 5o LISA ORHHR L Hltd 2 ¢ & ©, FIFEHO BHRED 5 b, £ ofd
FE2 merger HIEA %3R5 2 C L b AIREL 2 %o

RFTa—Iv
Schedule

KEHERTa—Iv / Rough schedule

¥ 9, EiE 2020 e wT, AGN#E & L CEERRE %2R T D, Eucid
(2025-) +Roman (2028-) #HAN###E 2. £ L T UNIONS/Rubin "8 4 — ~ A4
(2025-) TH %, [EARET IO BIEKD UNIONS IS —~< 4| BKD Rubin
ARYEY — XA iIc & o T~ X Euclid Wide-Area Survey 2377 v—3 % 25000 “F 5
D5 bEEZ 20000 FHEC R SHEBICH LT, u-band 2> bIERNRE COBHEIT —
2y b BT, chboT—%%y F2HWT, 2025-2030 FC BT 257 DiE
B z—%—%FE (Fuv s Ml da) 2175,

¥ 7. 3 CIC Lyman break =& H\ T z>=3 OAV v T b Fx AEE L GO TEH
D, ZEEBHICX>TH A FicH b e AGN 2255+ %, Tablel # R Thb 3
X 5w, BEEFEY Y T2 T 2>=3 ® AGN KIEHE 10 FRECE L &8, chbd
ZHWT, £X bo@Ec SHlo SMBH RESRZHL2ICT 2 (Fey =2 Mif%E 4b)o
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mikic, 2030 FRUck 3 & ngVLA I X O LISA A& irB) 3% &L FiEE 5,
ZOEEEEICE Y 2510 Db e AGN FES LU T 7 v 7 kv — LV ERAAREL 72
%o #ic GREX-PLUS #A%EH T E, 2-5 um HCTORBELRT -2 235005, %

5KBL, TuT s b badcDnTRICBNTY 2510 &5 L YiEH D AGN Kk
BIHZ BA[REER D B,
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Summary

Unveiling circumgalactic medium with integral field
spectrographs on TMT
TMT HE4 e E -l 5 s8R E 0 E

Project Category
3. Science only (FHlo%iE - ik OB L &% A9 A4 v 20 HEEDRE)

Abstract of science goals, objectives, and methods

In the process of baryon cycle that governs galaxy evolution, the Circumgalactic
Medium (CGM) is the site where gas inflows that support star formation
activities and feedback-driven gas outflows occur, with “multi phases™ of different
physical conditions intricately intertwined. However, direct observations of the
emission from diffuse CGM are challenging, and the lack of comprehensive
investigations into the multiphase CGM of individual galaxies has hindered the
advancement of our understanding. This project aims to significantly advance our
understanding of the physical properties of the CGM and the underlying physical
phenomena by conducting a comprehensive survey of the multiphase CGM in

the era of upcoming 30-meter class telescopes. We will particularly focus on star-
forming galaxies around a redshift of 2, a time when star formation activities were
extremely vigorous, maintained by a large amount of gas inflow and powering
intense outflow. For these galaxies, using visible and near-infrared integral field
spectrographs, represented by TMT/IRIS and the proposed WFOS IFU, on
30-meter class telescopes, we will perform emission-line mapping of resonance and
recombination lines of hydrogen such as Lye and Ha , as well as emission lines of
metal ions in different ionization states like OVI, NV, CIV, SilV, Sill*, Mgll, [OII],
and [OIII], to identify and investigate multi-phase structures of the CGM.

7R/ bOBRLREEN - FIEOEE

SR 2 XL 2 MEEERRREC B » T, SBMEZHE (CGM) ZEMRKIESE % X
ZDHARMALBHEREALED T 4 — NNy 7 X2 HARMBEHE N BHETH
0. PWHELREED A 2 H AMHESEHECHELEG > T D, Ll CGM B A 72O
FoBEZHEERE . F—RFcx LT A CGM % #—MIcTHE L 2Fl723 4
WwWZtitkoT, HRORENHEINT VWS, K7 Y 27 bTld, #7235 30m HKE
BEERRICZHE CGM 2 8fEMICEHE L. CGM ofplEiiE & Bk D 2 Pl
DHEfRERECREX 2 C L #HIET. Fric, SBAECELI LM FEn 2 KA RES X %
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1.

2 0RROERRBMICER T 5. C ORROIAM L, BRBIEHAIEF ICERTH Y
INEMRFT 27O AHMALBL T 4 — PRy ZICHEPEL T IS,
c o oRFENCK L <. TMT/IRIS ®#atHh o WFOS IFU cfREZ 5, 30m itk
HEIFEO P - EFRANFRE L EEZ H T, CGM OWELRIEED R 7% 2 #HOBUHFEER (+
L—4%—) A% Lye , Ha 2 8 DKFEDIIE - Higai. OVI, NV, CIV, SilV, Sill*,
Mgll, [OI1], [OIIl] % L ER/ER T v > v L D5 % 2 &EA 4 VEROBSH ~ v v 7%
frosc e, CGM oZHEE 2 FE - HET %,

Principle Investigator
Name: Haruka Kusakabe
Affliction: University of Tokyo
E-mail address: haruka.kusakabe.takeishi@gmail.com

7AY I/ MIRE
K4 : HTE BE
I « SRR
E-mail 7 v 2 : haruka.kusakabe.takeishi@gmail.com

Co-investigator and his/her role /
Satoshi Kikuta (University of Tokyo) : Co-leader of Science Investigation
Daichi Kashino (NAQ]J) : Co-leader of Science Investigation

7a s bERREELZDERE
Z5H B (FIEKE) - REEREEEE
FHEF K#t (ENLRCHR) : Bl EE S

VAL A N0} ¢

Science goals of the
project

2.

SREEAL & FH O WHE R T M 2 2

7AYo EEN
Science goals of the
project

SR DR & AL DR 2 3B RIE. W ARE, BRK. ZLT74—F~y 72
TH 5, WAMWHE (intragalactic medium, IGM) 2b@Ea X3 v 27 v =7 IR
5747 A v MROKBEEECIH > TRIFICHZABHATSE (fvr7ve—), MALL
HARZGHL CERKEZHE L, Ao REEREXRET 2, —FHT. KREEREHEHN
ERREEECL, BWRAT AL F— L EFRLEFO N ZICE 2, /FEIAT —LTDH A
OFH (7Y b7e—) 2BERCT, chick ), BExERLEUREDH R A ERFRZ
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3.

RMICH X8O X N5, BHEBRREIC K 3 7 20MBCH XK O ERKE IHIT 5,
THEEDT 4 — PNy 7R EMES, T X 5 ICERFEL & FH o WE R EH
RLTVwd, $2THTEZLDLD XS RILRZEA. TD X5 BiiRIEZ < OHERIICE S
RECEE S, HROBEHRICD 2 PELBROMEBIT 2 R0 Tdh b,

COWBRERIET 27D CHHAREH L A>TV EOR, MAMCHAT S ZD
BRTHDDV 74— F Ny 7 CXVHHET 27 ADFERTH H2MAHALWE
(circumgalactic medium; CGM) <% 3 (K1ZM#). CGM @& —&iic s o 4t
flipox—r<E—ru—DORMEET Iy o v SN F VRETHLONS X 51K X —
=2 —r~u—NETRE L ISM BRAARK) & LTBllEh T N+ oEEE,
FHOX—I <2 =, NIV OUELLEEIND XD DELIC/HI L, KREDNY F v
BCCGM HPCHFEET D EEZOLNTVWSE (Blz XL v 2 —i3 Tumlinson et al. 2017,
ARAA, 55, 389). € D7 CGM &\ sRFHELE T L OfIRZ T4 FHOWENE
BAEZ 5 LCyEBEAERCTH 2 X BHUARECDH 2 2o ICHRBTEATA R N,

BHHICR R 7 X 5 ZIRFELOHEBRICE T & Vb TEEA N ZADFA L HHOBRA
WARA N =X LEAREFHINTEL T, $IRTIv IRy 7R LE2 D, Hrld. K
HREE % H v - IERNMEOE S BHIC L s Cc DT T v 7Ry 7 2% T UH
. 2% CGM & % C CTERX N2 PHEBR. O\ TR EL o BAR R % H—
BICHRfRS 2 C & % BiET o CORDICIA EZFTIRYE 272-2.5 OB, wbw 3 (5]
AL ) DIRFICER T 5, C O OMBIR A k. BECHNCERRER
110 225 100 5 b m HE T 2BHEBFELRE AT 4 — PNy 7R EEATY
eI NG, THICHT BB > TRV EREREREHERFT 2 coicid. KED 7 AHHEA
VETH ) HADOFHA « M FBEROBAEL D bR E2PCHML o7t ELbND, &
7en TOFRSRBE R, CGM D FL—H—& L CEEAR L RENED O AEED
FERR S H E SRS IC X - CBIHIRIEECH B, 2D, CGMMRICET 5 A4 —F %
Ry bEEZX 5o

703z bORER
BERLBEZDRI
Rationale for the

scientific goals and
objectives

1. BZHEROIRY : FROER. HZXIPFOMRINR. % / Scientific
background, status of the relevant scientific area, etc.

WD A ZBEE (8910 kpe) 2 o HBIE 2 3R IEERE (K0 1 Mpo) BEDO X7 —n
i ->TIh2A 5 CGM 0EE . EFE (nterstellar medium; ISM) ©BE (kFE
FFH X% n=10"" m?) ick~<, #EHICE 100 50 1T (n < 10* m-?) ©» 2%,
Ebic, CGM @k~ npEiREE (GRE, FE, ¢@BER. EibkE, €#5HREsL) o
HADD R IDLZENEEELF->TH ), B—olEZ0Z2E8HIL <d CGM DARFKDLE
BFR2TChv, EFGEEZHGICT 2 ICiE. &4 AHICGHE L 8IS 2 A cglifllz
T, ZNDoZHET 2 DEND D,

Bk 72 CGM OBRIITE . BRIGEDOIEHATFRICDH 3 80 CGM % @3
LB 2RI A FIF S T & 72 (Werk et al. 2014, Ap], 792, 8)o Chic kb,
CGM c 3%, ¢E&E. BRERER CYBREORL 2 HARSHWICHFEL T
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L4 BEFD CGM 0 ZiEE
Zhoo b —%— (Tumlinson et
al. 2017 &%)

T EBHLICEINTE & (Tumlinson et al. 2017)0 L2 L\ WRIGER%E F v 2 HETHE
flél = DI HT LTy HREFEOHR LoEHRL G503, CGM o2z iEE S
5 ECIRAMAREZEL TS, TNEH S O EFERREIC 7% o T & 2[R EFHI49oF
BRI T 4 L 2 —1RIRIC X 2 CGM b OB OEE~ v © v /' TtH %,
U & IR OEE % M AaEbE, BEx 2lEHE > Tw < T &2 CGM D EfRICRAI R T
H5o

CGM Dt o~ v © v 7/ Clk. ZNZE o 7 AHIC X - TBIBITERE & & 2 1R
DEZD, I CREIEEOHRICHES h, RARBICK > TBHlcE 2H1E
K