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Current Trend in Galaxy Formation Research : Ultimate Goal

SRR R RGE(CARZIDEIM : B

» To reveal the full picture of galaxy formation happening within the
cosmic large scale structure, including central supermassive black
holes, through understanding the origins, evolution, and present-
day physical structure of galaxies. To understand the cosmic
reionization, which is thought to have been driven by galaxy
formation. (fRIEIDECIR. EAL. IRITOVIEBESOE#AEZEB L C.
MCFTET DBEKRT SV IR—)LZ S TCTFHDOARIEESDH
T Z DIRAERDOETZHSMNIT D, HRAFERNERTTZ EZE R
SNSFHEHBEMZIERF I D)
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Current Trend in Galaxy Formation Research : Immediate goalst

SRR IR ERAT A2 AE LA T D ENR): HAR

» Unraveling the History of Galaxy Formation : Detect the first stars and first galaxies

and uncover their properties, and understand the dynamical and chemical evolution
from primordial galaxies to present-day galaxies (FJXE - FIKIE A ZRH L. €D
BZHSMNCT D, ¥R SIRIEDIRAFTDNTF - (LFECZIEAET D)

» Unraveling the Origins of Supermassive Black Holes : Reveal the formation process o

the seeds of the super massive black holes, and unveil how they formed and co-
evolved with their host galaxies (BBEXT 5w O/R—)LDI&E(IANC K> TDL 5.
DLD(CHRE EBICRER UM ZBSMNTT D)

» Elucidation of the Process and Origin of Cosmic Reionization : Identify the sources of
cosmic reionization and elucidate the progress of reionization through the growth of
reionization bubbles (FEBEEHEZHSMNCL. B/ \TILOMKE CFEHOBER
EOBEZTIAS NN T D)
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Current Status of Galaxy Formation Study / IRTEE TODEiE R
Unraveling the History of Galaxy Formation
Ry HZ Bk SE D4R

Discovery of galaxies in the early universe with JWST

Starforming galaxies with different chemical composition
Massive quiescent galaxies at z>5
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Current Status of Galaxy Formation Study / IRfEE TORIES
Unraveling the Origins of Supermassive Black Holes

HBEKXT 5w UR—)LOIEIROHEA

Discoveries of new population of AGN in the early universe with JWST

Massive SMBHSs in the early universe
Overmassive black holes inside dwarf galaxies
Little Red Dots with unique spectral properties
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Current Status of Galaxy Formation Study / IR{EFE TCORLES

Eluc1dat1on of the Process and Origin of Cosmic Reionization

FHBEGhEIE S tCROEEER

» Constraints on the reionization history of the universe with JWST
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Future Research Trend and Science Strategy of NAOJ

SEOHRENME & [EZ R XA ORI FEES

Scientific Methods and Goals for “Galaxy Formation and Cosmic Evolutio

[ ROz EFEEEIL ] DFEEHIFHER

» Unraveling the History of Galaxy Formation

ERIAIHZ Bk 52 ODfFAR

» Unraveling the Origins of Supermassive Black Holes

HBEXT S v OR—)LODIEIROEA

» Elucidation of the Process and Origin of Cosmic Reionization
FE B EAEIE SR OAFH

Phasing in the 5t mid-term planning phase (55 5 HAZEAZHIEBI (C DT DEE:
[A] Analysis = 34T & BkEEEIH. [C] Construction = #25%. [P] Plannin

B
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Unraveling the History of Galaxy Formation
AT FZ A% 52 (D% R
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Detection and Characterization of the First Stars and First G

FIME - HIRIADOIRE SYPIERYIEBE ORFR (1)

» Deep and wide field surveys in NIR and MIR ((Z7R4MER - BRETRIME COERE -
[A] JWST, Euclid, Roman, ULTIMATE-Subaru
[P] GREX-Plus

» High-sensitivity and high-spatial resolution spectroscopy in NIR and MIR, hlgh sensitivity su
spectroscopy (T7RIMR « FEITRIMR COERE - SZERIDEREED JE. BT = S RESS
[A] JWST
[C] TMT-IRIS, ALMA2
[P] ngVLA, LST/AtLAST
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Detection and Characterization of the First Stars and First G

FUE - HIRIBADOIRE SVPERYIEE ORFER (1)

» Probing the Galactic bulge region with near-infrared astrometry and spectroscopy (T’
hOX bU EBYEIC KDIRAR) VUL EEBDEER)

[A] Roman, ULTIMATE-Subaru
[C] JASMINE
[P] TMT-HROS, GREX-Plus

» Constraints on the properties of the first stars with gravitational wave observations (/i

TZHKEANDHIIR)

[P] Third generation GW detectors (Einstein Telescope)

From white paper [06:3™ gen. GW]
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== LIGO A+
= Voyager
== Cosmic Explorer

== Einstein Telescope
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Understanding the Dynamical and Chemical Evolution toward the
Present-day Galaxies (1) IRTEDIRIRINDIZFE - (LFECEIZODEEESE

\

Probing circumgalactic material via optical and radio absorption-line survevs (R ROEE
DIRIHREE (C L DR EDYIEDIRT) w0 —
[A] Subaru-PFS, ALMA S D I
[C} TMT-WFQOS, ALMA2, LAPYUTA (em-line)

From Subaru-TMT science book (2020)
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Probing large-scale galaxies structure and galaxy evolution in the structure via large-scale

spectroscopic surveys (KFMRDTEIRE (C K DI KRS DR & SRR L DERER)

[A] Subaru-PFS, ULTIMATE-Subaru

Wide-field radio spectroscopic surveys of gas emission lines for early-universe to trace larg
structure in the early universe (BIEILIRETDVE(C KD H RIFERIC K DFEYIEAD A MR E)
[A] SKA1-LOW

[P] LST/AtLAST, ATT30, ngVLA
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Understanding the Dynamical and Chemical Evolution towar
Present-day Galaxies (II) IREDIEANDHE - (LFEELIBIZD
» Unveiling the dust-obscured formation process of massive galaxies through wide-band
spectroscopy (U7 S URIATIHD K (C KDY X MMIEESNIEXKE=IR A REIZEDER

[A] ALMA, ASTE-TIFUUN P I N P e P
[C} ALMA2 s
[P] LST/AtLAST, ATT30, ngVLA _ |

Probability (z)
o
\ Flux density (mJy)
g & 5

__Cycle 3 observations
[ B S R Y S

Observed frequency (GHz)

SRR B T From white paper [21: ALMA2]
» Probing the massive dust-obscured galaxies using rest-frame far-infrared continuum surveys (5%
RIEFRIMRIC KDY X MMIBEESNTEARABEIRTDEER)
[A] ALMA
[C] ALMA2
[P] LST/AtLAST, ATT30, ngVLA
» Revealing the evolution of dynamical and chemical structure of galaxies through infra
field spectroscopy (FRIMEREIZDEEVAI(C KDIRADHZE - {LEBEDELDREERR)
naclEJEM TR ES2025



Unraveling the Origins of Supermassive Black H

HBE XTI ZwvIR—)LOEIRDEZER




Unveiling the Seeds of Supermassive Black Holes EEXJ
)LODIED#EER

» Wide-field deep near-infrared surveys and spectroscopic follow-up observations (JT7R%b
REILRETRE &S0 y6EREVA)
[A] Roman
[C} TMT-IRIS
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Revealing the Obscured Growth of Supermassive Black Hole
JcEBE XD T v IR— )LD RIBIZEDEREA

» Wide-field deep mid-infrared surveys and spectroscopic follow-up observations (HRI7RSH;
RELHREFREE &N /6ERENH)

[A] JWST

[P] PRIMA

» High-resolution spectroscopic and imaging observations in millimeter and sub-mm (ZUKEHY 2T
K T DR BHERE i EEDR))
[A] ALMA
[C] ALMA2
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Elucidating the Growth of Supermassive Black Holes throug
BIRCLDBEKXRT T v IR—)LREREIZDEZHA

» Statistics of supermassive black hole mergers revealed by gravitational wave observation
(CRDBAREET TV IR—)LEERIRRDHET)
[P] LISA
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Elucidation of the Source and Process of Cosmic Reioniz
FHBEEhHEIE &R 0OAZA
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Identification of the Source of the Cosmic Reionization
BERHROYEFTE

» Understanding the escape of ionizing photons through rest-frame UV
observations (BfLERERIMEEDH (C KD EEE TR LI BIEDEFER)

[C] TMT-WFOS, LAPYUTA
[P] HWO
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Direct Detection of the Ionization Bubble
=at/\ )Lt

» 21cm observations of neutral hydrogen during the reionization epoch and cross-correl
analysis with galaxy populations(BBEEFHAD 4K ER21 #REVAIS KOERAFER & DR
[A] SKA1-LOW - Subaru-HSC / PFS

- Expected errors on 3D Cross-power Spectrum(z=6.6) z= 100 .LHI_.O 98 (5T21-—76mK
10 [ Sgnel(z=6.61y=0.44) — =

1 oA S % ,Q
kiMpc™) (Kubota ot al. 2018 | ¥ ,ﬁ'f'" 9
i %
L
! 1 t 2. RS

Corr‘;WIth [O111]
(Moriwaki+19)

Corrw CMB
o L e e (Yoshiura+19)

From white pa
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Sc1ence Strategy of NAOJ : Summary

|¢| I

B3 AN S DORIFEES : FEH
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[A] Large breakthroughs from the wide-field large-scale survey fac1l1ty starting
science observations (FIZERZFIR T DILREY - AMRIBIEBEDRE (CKDEHT

SNBd3KERIL—OXIL—):
» Roman space telescope, Subaru-ULTIMATE

» SKA1-LOW (in combination with samples from large scale surveys with Subaru)

[C] Constriction of the future facilities to follow-up obJects discovered in the
wide-field surveys (RIRIRRE (C K DFER =N DKADIEKEDADIZ b DIRIEAEE

%ODLDR)
» TMT, ALMA2
» JASMINE (astrometric follow-up)

[P] Planning future facilities to make the next breakthroughs (RDT L —2 X)L—
& EHE I TIERERBEDIRET) :

» GREX-Plus, PRIMA
» LST/AtLAST, ATT30, ngVLA
» HWO

» Next generation GW facilities




