'/'0 . - ’ 1 o : *—'* * 2 Y " o

& - l” » . : g ' ‘ "‘I‘ al \.

F 1 T D

o AP Introductlo to Ko ama Labo , \'.
Reqe’lmg the History of :

w:th Observatlons by M ,
Iog1037 Moﬂels

-
. w0 =\ 3 g
k - |-
® V.- |
\ . '* - > .
| A ¥
» \. :
" : » A ¢ T * '
: g ‘ » = Ty . s = * . .
. * ¥ . = - : -
%~ e D .. Taddy Kodama " '
. > N . » - . ~ - ¢
' _ kodama@astr.tohoku.ac.jp | i
=~ N : -ﬁ 5 A _‘. e JWST image’
Credits: NASA, ESA, CSA, STSQl ~ * . . SMACS J0723.3:7327 (2=0.39)

- '\1... Sl \-‘

.an'd Cluster Fdrmatlon and Iutl
Telestopes (e.g., Subaru and /3('

‘- 4.6 Gyrs ago



Labo members

RE B AR EHEF
Tadayuki Kodama Mariko Kubo
Professor Assistant Professor

X Ik
Zhaoran Liu Kota Adachi
D2 student M2 student

N
A\

= N i/ NI =4
Kosuke Takahashi Miku Funaki

M1 student B4 student

LA B8

Naoaki Yamamoto

D3 student

Al FIR
Riho Okazaki
M2 student

"s‘l"!l\ll‘
Ronaldo Laishram KIR —8&
D3 student Kazuki Daikuhara
D2 student

D3: 2

BN B BE % D2: 2

Masaharu Tamura Ko Ishida D1 0
M2 student M1 student

M2: 3

M1: 2

B4: 1

=t: 10

Labo Homepage
http://mahalo.galaxy.bindcloud.jp



Various types of galaxies

"Hubble sequence” of galaxies

Blue = Young
(star forming)

Spiral (disk) galaxy

Pure bulge

Elliptical galaxy

Red = Old
(no more star formation)

Bulge dominated

Lenticular (SO) galaxy
Green = Intermediate

L
- Disk dminated * - Our MW Galaxy is classified as a spiral galaxy!
: There are ~100 billion galaxies in the Universe.



Clusters of Galaxies

A cluster of galaxies consists of 100s -1000s of galaxies.

avitational fens in Gala;y Cluster AF;equgg',@ JiUBBLESITE
* -,
' : | ‘ Abell1689 cluster (2.2Gyr
CL0024 cluster (4.2 Gyr) ©Subaru Telescope ©Hubble Space Telescope

radius ~1Mpc  Mass ~ 101415 Mg
85%: dark matter, 13%: gas, 2%: stars




Star formation rate density
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fraction

Cosmic habitat segregation

Morphology- (SFR-) density relation
(Dressler 1980)

— [

| ;Spirals

= T T T [ T T T T [ T & T 7 7T T

I 55 Cluster Sample — all

Sp -

(old) -

No/little SF

log surface density (Mpc—2)

log surface density (Mpc2)

Nature? (intrinsic)

earlier galaxy formation and
evolution in high density regions

Nurture? (external)

galaxy-galaxy interaction/mergers,
gas-stripping



Internal effects on galaxy formation and evolution

galaxy merger - loss of angular momentum of gas - gas infall to galaxy center >
central starburst - gas infall further to central black-hole - boost of AGN activity
—> bipolar jet 2 removal of gas - quenching of star formation

Co-evolution of
galaxies and BHs.

http://www.mpifr-bonn.mpg.de/bonn04/



External effects on galaxy formation and evolution

Mergers induce starburst first, but then lose or use
up the gas, and star formation is truncated sharply.

Ram-pressure strips gas from the system and tferminates SF.



Environment matters in acceleration of galaxy formation
and its quenching!

N-body cosmological simulation (Yahagi+05)

Fre lo
al axy

Nature? (internal)

earlier (biased) galaxy formation and
evolution in high density regions

Nurture? (external)

galaxy-galaxy interaction/mergers,
gas-stripping

M=6x10"* Mg 20 X 20Mpc? (co-moving)



Subaru/HSC&PFS and Euclid are extremely powerful to probe LSSs
1.3° =75 Mpc (z=1), 100 Mpc (z=1.5), 118 Mpc (z=2) in co-moving

CL0016 cluster (z=0.55)
ES (Tanaka, M. et al. 2009)

] [ L - I

Millenium Simulation
(Springel et al. 2005)

. 31.25 Mpc/h

laremin|

ADec.

| | A A : | i
LSS around the richest cluster at z=0.55

~1,200 redshifts from spectroscopy
red are cluster members, while blue are non-members



Key questions on galaxy clusters

. How much are (proto-)clusters biased (earlier/faster) in
(massive) galaxy assembly and quenching?

. Are the SF/AGN activities ever boosted in situ in

cluster cores, or pre-processed in the outskirts and
then accreted? How do the SF/AGN activities and
quenching propagate within cluster galaxies?

. How much of SF in clusters is hidden by dust?
Is there an environmental effect in dust extinction?

. When and how does the gas accretion to clusters
become efficient and then inefficient?

. Where and how do the gas outflow or stripping affect
the galaxies in clusters?



1. How much are proto-clusters biased (earlier/faster)
in (massive) galaxy assembly and quenching?
JWST seems to be finding (too) many candidates for massive monsters at 7<z<11 !
7 with log (M/Mg) >10, including 2 with log (M/Mg) ~11

ID = 14924 ID = 38094
z=9.92 z=17.56
ot log(Mass) = 10.93 0.2 | log(Mass) = 11.1¢ |
Ng E {\'. 3 : | * ool }
~ Q \ Q. |
log(M/M) =10.932 ‘, \ . log(M/M) =11.16
O o 'L* | i ©
atz=9.92 M. ' | at z=7.56
Tl —— ‘ g —r ’ |
= 0 5 10 15 2 0 5 10 15 a
E redsh i m TdShiﬁ: |
--o—l——— : it 0.0 + @ —— @ —— @ ——
ofo—p—p—ed—tt o
0.5 1.0 2.0 4.0 0.5 1.0 2.0 4.0
Observed wavelength [um] Observed wavelength [um]
2859 16624 21834 35300 13050
z=8.91 z=9.97 z=10.83 z=9.35 z=8.49
n M=10.83 | ol | +M=10.76 n M=10.44 M=10.41 || ‘ M=10.18
¢ # L
. | . 4 ’
051 1'5~ . 0% 1o1s+ 051015 | by 0 51015 * * 0 51015 + !
z ad W z ®, .’ . z * LI z z ‘ [
¢ * 2 [} e |
ofe-o ojo@-® : (] oo 0@0—-0—-0 00-9-0@
05 10 20 40 05 10 20 40 05 10 20 40 05 10 20 40 05 10 20 40
Aobs [um] Aobs [um] Aobs [um] Aobs [um] Aobs [um]

Figure 3: Spectral energy distributions (SEDs) and photometric redshift probability distributions P(z) of the 7 galaxies with
log(M./Mg) > 10.0. The flux density units are in F'A versus wavelength in pm. All galaxies show a characteristic V-shaped SEDs,
with a clear upturn at 3 — 4 um and a double break. The redshifts are well-constrained owing to the presence of two breaks. The two most
massive galaxies are highlighted on the top row. Shown are the contribution of each template in the fit, where the fit produces a prominent
contribution of an older stellar population (left) or dusty stellar population (right) shown in red. Emission lines contribute clearly to the
F356W and F444W bands, with the narrower F410M band providing a powerful diagnostic, improving both the redshift and the SED fit.

Labbe et al. 2022, arXiv:2207.12446 Flux calibration issue?



What causes the quenching of star formation in high-z massive monsters (z~4)?
Whether £ is low, or t,., is long (SFE is low) 7?

- ALMA observations of [C 1](*P; —*Py) line and dust@870um

4(+1) massive (log M/My~11)

Already gas poor! f,..<0.1-0.2
galaxies at z=3.5~4 (ZFOURGE) Y 9as poor= s

o 019589, 18842, 8197
Glazebrook et al. 2017: Schreiber et al. 2018b MS galaxies at 5o Olekyll 57 Hyde
=3.7 (Tacconi+1 ¥V Stack (all)
ALMA/Band-7  HST/F160W 3 RRB
L MS/10 T ——
PZF-COS-19589 8 ZF-CcOS-18842 | | TTSSel 0 TTe=—ll
- individual- a5 <02~ 77" ==—c___
2. | * + L] Jf‘f'@ L
@ @ . 8 0.1 #
M Y : I
ZF-UDS-8197 Jekyll & Hyde i
stack
/ P ; fras < 0.09 ; |
< . L 109 (Mgas) < 9-6-% T
@& ® O Caliendo+21 (z=1.9)
AA Williams+21 (z~1.5) _T_
& Sargent+15 (z=1.4) 'T'
Non detection for % with ALMA W Belli+21 (z~1.0)
® Magdis+21 (stack; z~1.2, 1.9)
(Band-7: 870um, Band-3: [CI]) 0.01 — ' ' '

Suzuki et al. (2022)

"7 10.50 10.75 11.00 11.25

log(M«/Mg)

11.50 11.75

> 3-6 times lower than the MS !



MBFs (K1-K4) can neatly capture the Balmer break out to z=5.4

K1-K2 vs K2-K3

z=45

9 =

A colour

track for a
quiescent
galaxy

K1 — K2

Toshikawa et al.

z= 5.25'\\-\,-';

; ;
eo® =400, 4.25

% =450 475 |

% z7=5

K2 — K3

Ks - K3 [mag]

0.8

o o
£ o

o
N

Ks—-K3 vs K3-K3

|— Dusty SFGs

— Quiescent galaxy
— Star forming galaxy

Tadaki et al.
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1
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MBFs on SWIMS (Y~K3)
and MOIRCS (K4)




Hunting ultra-massive galaxies in the early Universe

RUBY-RUSH

(Pl: Kodama)

LBG-selected protoclusters (Subaru/HSC)
UD-ELAIS-N1
- r-dropouts

Red Ultra-massive
Billion-YeaR-Universe SHiners

ot
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ot
=
(@)}
N
N
N
(6)
RN
-
©

Hunting ultra-massive jewels at z~5
in the Gold-Rush mines
(LBG-selected protoclusters).

56.0

(@]
ant
ot

The existence of such massive
quiescent galaxies at high-z will put
strong constraints on the timescale of
massive galaxy formation and their
guenching processes.

ADecl. (arcmin)
(&4
ot

ot
e
Tt

54.0 F
Un-biased survey will also be conducted
to quantify the massive galaxy formation
| Overdense regions (> 3.8x field: > 4.90) bias (acceleratlpn) in prgtoclusters
245 244 243 242 241 (dense regions at high-z).
AR.A. (arcmin)  Toshikawa et al.
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COSMOS-AzTEC3 cluster

.- .
, - d0arcgeconds

(2=5.3)

Subaru/MOIRCS K3 and K4 filters

MB Ae
filter | (pm)

FWHM

(o)

z (B_a_l break)
3645A

K3 2.31
K4 2.41

0.14
0.12

5.14
45

Ut

Dec [deg]

starburst
z=5.298

RUBY-RUSH

extention to z=5.3

GN10/HSD850.1 structure
at z=5.2-5.3

62.275

2z=5.17-5.30

(JADES+FRESCO)

z=5.17-5.30

(Previously Known Sources)

. Other z=5.1-5.5 Sources
(JADES+FRESCO)

62.250
62.225
O
62.200
62.175
2
g’ O e '
5.0-cMpc m] . FRESCO Footprint
62.150{ " s JADES Footprint
189.40 189.35 189.30 189.25 189.20 189.15 189.10 189.05 189.00

RA [deq]




Selection of Balmer break galaxy candidates

>50 detection
5 sources

>30 detection
14 sources

0
v}
g
cH
N
N
¥

Other detected sources
by SExtractor

Clustering of massive quiescent galaxies in a proto-cluster??

- Many of them turn out to be lower redshift objects due to detections at g, r-bands.



RUBY-RUSH

Candidate massive quiescent galaxies at z~5

HSCr HSC i HSC z HSCy SWIMS]J1 SWIMS ]2 SWIMS K1 SWIMS K2 SWIMS K3 IRACchl IRAC ch2

Object 647, z =5.1, reduced x? =0.55
|

10_1 — —_raA T stellar unattenuated _
Z - 5'1 stellar attenuated
_ model SED
) Mstars_ 4.4 X 1011 M@
1072 F
SFR=4.1 Mg/ yr
—1073F |
=
El HSCr
) i
1 HSC G _
1077 | e |
6 Lyman Break
10~

10"
Observed  Afpm]

Takahashi et al. 2023, in prep.



RUBY-RUSH

Candidate massive quiescent galaxies at z~5

HSCr HSC1i HSC z HSCy

Object 2729, z =4.8, reduced x2 =0.65
[

SWIMSJ1 SWIMS]J2 SWIMS K1 SWIMS K2 SWIMS K3 IRAC chl IRAC ch2

- s stellar unattenuated ]
10 Z= 48 stellar attenuated
model SED
102k Mstars= 1.1 x10M MC)
SFR =10 Mg/ yr
K2

._.10—3 | _|
£ HSCr
= HSCg >

1071 E

107} -

Lyvyman Break
1076

|
10"
Observed A[pm]

Takahashi et al. 2023, in prep.
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2. How do the star formation and its quenching propagate
in and around clusters and within galaxies?

MA - ALO-Subaru
2SFR(R<Rq0) / Mygg ~ (1+2)°

(Shimakawa et al. 2014)

Tllustrated by Yusei Koyama
N

p
@ : passive red galaxy
* : normal SF galaxy

Y& : dusty SF / AGN
- J




Subaru/HSC&PFS and Euclid are extremely powerful to probe LSSs
1.3° =75 Mpc (z=1), 100 Mpc (z=1.5), 118 Mpc (z=2) in co-moving

CL0016 cluster (z=0.55)
ES (Tanaka, M. et al. 2009)

] [ L - I

Millenium Simulation
(Springel et al. 2005)

. 31.25 Mpc/h

laremin|

ADec.

| | A A : | i
LSS around the richest cluster at z=0.55

~1,200 redshifts from spectroscopy
red are cluster members, while blue are non-members



HSC-SSP Deep Survey

ELAIS-N1 |

(UKIRT, VISTA)

Coordinated NIR imaging

DUNES? (UKIRT/WFCAM)
UKIDSS-UDS DR11 (UKIRT/WFCAM)
UKIDSS-DXS DR11 (UKIRT/WFCAM)
VIDEO DR4 (VISTA/VIRCAM)
UltraVISTA DR4 (VISTA/VIRCAM)

- SGXDSS COSM®S
parr | 7 ' _3.0 '-....... 3.5 /
—— T 0| TN
1 s W e | (R
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f } __ DEEP2-3 | 1
T 7{ = | = ' | ' —37r.0 36.5 36.0 E:.’:‘.S 3.’;.0 3445 34.0 151.5 151.“0““ 150.5 15‘(:?(‘]””“:4’:.“5”(‘m:‘;;.: bm::B.S
/- ‘%st?sw? [EEETY T HT_T ‘ T I:IE;[';:']lr\H nl:fEﬁS"im[deg] 2
Galdetic Extinction E(B-V) (C)HSC-SSP . . m
1 3555: E - \ ms
4 Deep Regions 7
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NB imaging e b e e e e s o s o s
Filter CW FWHM z(Lya) 2z([O11]) z(HB) 2([OILI]) z(Ha)
[A] [A]
NB816 8160 120 5.7114+0.049 1.189+0.016 0.679+0.012 0.630+0.012 0.243+0.009 + CHORUS
NB921 9210 131 6.574+0.054 1.471+0.018 0.895%+0.013 0.839+0.013 0.403%0.010 (more NBEs
NB973 9730 138 7.002+0.0567 1.611+0.019 1.002+0.014 0.9434+0.014 0.483+0.011 for COSMOS)
NB101 10095 143 7.302+0.059 1.709+0.019 1.077+0.015 1.016%0.014 0.538+0.011




HSC?
Q—[yﬁrid' Search for Clusters with HSC 0.4<z<1.7

HSC-SSP (Deep and Ultra-Deep layers; 27 deg?)

Two galaxy populations Hybrid cluster finder
1 L DL L L L | LI AL IR A
Ll R TR Observed distribution] i
3ok g T ~O;0‘Of;_< 2 < 0.080__‘ ! blue cloud [o11]
g \ “e--.. 1 0B (narrow-band) N
P — —————— ] i .
251 r(; .» . i i Hy
T X @ ) red sequence A TS LR ‘ Starburst
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A(R)
The conventional red seq. technique alone will bias your sample to older clusters.
HSC?2? is a large, systematic cluster survey with little selection bias to z~1.7



dec [deq]

Hybrid Search for Clusters with HSC (HSC?)

3.U
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N
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N
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1.4

Red sequence galaxies at 0.8<z<0.9

HSC- UD COS]VIOS p85

151.0 150 8 150 6 150 4 150 2 150 0 149 8 149 6 149 4

ra [deq]

3.0

1.4

[Olll] line emitters at 0.82<z<0.86

) {49 1.5 deg *77cMpc
,1 "', il 3\ 2
o5, 0 LT

HSC-UD- c":"oémos‘ ;

o g
- .,ps5
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ra [deq]

We have ~100s of cluster candidates, and systematic and intensive spectroscopic confirmation
with PFS is critical (cluster mass function can also compare with cosmological models).

Panoramic r.l-"o[Tow-uja Spectroscopy with PFS

L .\




HSC= il-(yﬁric[ Search for Clusters with ‘HSC @0.4<z<1.6

Dual (red + blue) cluster
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7 FEuclid 1.2m telescope to be launched in Jul 2023

Japanese Euclid Consortium (JEC)

Japan is participating Euclid through the Subaru intensive program by Oguri et al.:
z-band imaging follow-up of the Euclid fields.
Wide Imaging with Subaru HSC of the Euclid Sky (WISHES)

T.Kodama is a member of JEC and the Euclid Consortium
Will do distant cluster search (1<z<3)

ce X Falcon 9
Cape Canaveral, Florida, USA
17:12 CEST, 1 July 2023



Stellar Mass [h;2 M,]

1011

1010

109

108

EUCLID Deep Survey

Mqrs = (5 -20) X 108 M, (z=1) ~ (2-8) X 10° M, (z=2)

H=26 <-> M*+5 (z=1) and M*+3.5 (z=2)

EUCLID-Deep, 5 @
H (1.60um)=26.0

Y (1.054m)=26.0

— — — - initial star burst

Salpeter IMF, M_, =0.1M,

min

11 1h 1 1 1 1 | 1 1 1 1

constant star formation

H0=70, Qm:0.3, QA:0‘7' Zgorm 10

2
Redshift (z)

I
3

Based on
Kodama et al.’s (1999) model



I8 4l HySPEC-Euclid:
&S Hybrid Search for Proto Evolving Clusters with Euclid

Kodama, Koyama, Shimakawa, Kubo, Ishida, et al.,

Red sequence survey + Grism emitter survey (Euclid-Deep over ~50 deg?)
Similar to our HSC? concept (tracing both QGs and SFGs), but not limited to NB redshift slices!

* VIS, z (Subaru), Y, J, H can capture 4000A/Balmer break back to z=3

H=26 (50) < 3x109 Mg @z~2
(CH1=24.8 (50) < 6x10° My @z~2)

% Grism (R=260) can capture Ha to z=1.8, [OIll] to z=2.6

5x 1077 ¢cgs (3.50) <« 22 Mg/lyr @ z~1.8 Ll A T AL e T
5.2 M@/yr @ z~1 — 3F ; Egssffscés((cplﬁi)r) : E

5 25F & Uss1558 (Cluster) . a 3

(Apg=1mag is assumed) ;

Future spectroscopic confirmation/characterization
campaign is planned
with Subaru/PFS and VLT/MOONS.

log (M, /Mg)



Immediate science goals of HySPEC (only with imaging)

. Finding galaxy clusters and the surrounding structures back to z~3
Selection bias will be minimized by tracing both red sequence galaxies and
star forming galaxies.

. Mapping star formation activities in and around clusters and within galaxies
Propagation of star formation along the large-scale structures
and also within individual galaxies.

. Quantifying starburst, normal star-forming, and quenched fraction

We will quantify its redshift, environment (overdensity, cluster mass), and
galaxy stellar mass dependence to characterize star formation boosting
and quenching histories of galaxies.

. Intrinsic scatter in galaxy cluster formation and evolution
We will address the intrinsic scatter in the evolutionary stages of galaxy clusters,
and its origin.



Panoramic narrow-band imaging by MA - ALO-Subaru
MApping HAIpha and Lines of Oxygen with Subaru
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MApping HAlpha and Lines of Oxygen with Subaru

-26°28'00"

29'00"4

DEC

30'00"4

31'00"4

NB imaging of proto-clusters at 1.5<z<2.5

PKS1138 at z=2.16

A rich protocluster with a giant cD progenitor

USS1558 at z= 2 53

A younger clumpy protocluster
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2. Is the star formation ever boosted in-situ in cluster cores?

“‘Boosted star formation” and “lower metallicity”
in low-mass galaxies in the young protocluster USS1558 (z~2.5)

Main sequence diagram Mass-metallicity relation
SFR(Ha + dust corr.)
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Daikuhara et al., in prep. Perez-Martinez (2023)

Enhanced star formation and dilution of metals in young protoclusters
due to efficient accretion of cold gas along filaments?



3. How much of star formation is hidden by dust?

Submm selected proto-clusters

SPT (South Pole Telescope) millimeter-wave survey (S1.4mm=23.3mJy)
+ ALMA follow-up (CO43, [CII], dust)

SPT2349-56 at z=4.3  Miller et al. (2018), Nature

-56° 38' 10.0"

Tl
N 1.1-mm background
LABOCA 870-um contour

[C 1] contours

Sources A-N
CO(4-3) contours

15.0"

20.0"

Dec. (J2000)
Dec. (J2000)

25.0"

30.0" [

48.00 s 44.00s 40.00s 23h49m36.00s 44.00 s 43.00 s 42.00s 23h49m41.00s
RA (J2000) RA (J2000)

14 SMGs within 130kpc! M ;=9X%10"? Mo
Total SFR > 10,000 M, /yr, Total SFR density ~ 40,000 My, /yr/Mpc? 1?

No current simulations can reproduce such high SFR density!

We may be still missing a lot of SFR by dust??



Unveiling the propagation of “intrinsic” SF activities across the proto-cluster
and within individual galaxies

JWST cycle-1 GO program (Dannerbauer, Koyama, et al.)
Resolving and penetrating into the dusty Spiderweb and its
surrounding protocluster with Pa-beta imaging

Dust-free SF tracer down to SFR=3.5 Mg /yr
Scientific Category: Galaxies (rest-frame 128Hm)

Scientific Keywords: Galaxy Environments, High-Redshift Galaxies, Starburst Galaxies,
Ultraluminous Infrared Galaxies

Instruments: NIRCAM . . ]
Proposl Size: SMALL Data will be delivered in May-Jun 2023.

Exclusive Access Period: 12months - Tha spjderweb protocluster PKS1138 @z=2.16

Allocation Information (in hours): . , , . , . . 1

Science Time: 14 F O CO(1-0) emitter ~ ===-=- HST = =--=- NIRCam (this proposal)
Charged Time: 3.6 g i ]
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We can capture Pap line (rest 1.28um) from the cluster members with F405N narrow-band filter.



4. When and how does gas accretion to proto-clusters become inefficient?

Transition of gas accretion mode in proto-clusters?
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&
As cluster halos grow massive/dense, gas Cold gas is efficiently supplied to proto-
is heated up to high T, and X-ray is emitted. clusters with cold streams along filaments.



A 300 kpc-wide giant Lya nebula centered on the massive galaxy group at z~3

4 x 103 Mg dark matter halo, hosting 1,200 My yr- of star formation

- RO-1001 group (z=2.91)
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Daddi et al. (2021), see also Daddi+22

Red shifted Lya absorption = inflow
Direct evidence for cold streams

0
v (km/s)

But diffuse Lya emission is hard to observe due to cosmological dimming of SB=(1+z)*



Evidence for the transition of cold-stream to hot mode accretion
as traced by Lya emission from 9 groups/clusters at 2<z<3.3

Lya nebula efficiency vs. cold stream mass fraction
Protoclusters crossing the cold-hot boundary nd
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FIG. 2.— (Left:) Our sample in the DB06 diagram. Symbol sizes are proportional to Ly, (Tab. 1). The blue diagonal line defines Msiream (Eq.. Right:
the ratio of extended Ly« luminosity in the structures is plotted versus the Miream to halo-mass ratio. The relation in Eq. ]is fitted (solid black line). Typical
uncertainties are shown: 0.2 dex along the slope above Msream, 0.3 dex along the y-axis below Msiream. Predictions for Mpm < Mstream (cold-stream regime) are

shown (colored dashed lines). .
Daddi et al. (2022)
But Lya diffuse emission is hard to observe due to cosmological dimming of SB=(1+z)™...



Proto-cluster core Field
(or hot-mode cluster)
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Lya/Ha ratio within a certain aperture can trace the associated HI gas.



Shimakawa et al. (2017)  moIRCS (7’ x 4') - NB2315 (Ha)
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Dual NB emitter survey (Lya, Ha) of USS1558 at z=2.53

-> Dense cores are enshrouded by HI gas fed by cold streams?




Triple NB imaging (Lya+Ha+[Olll]) of HS1700+64 protocluster (z=2.30)
Just observed in S22A with SWIMS on Subaru (Kusakabe et al.)

Lya / Ha ratio - HI gas (resonant scattering) + dust attenuation
, Do we see lower ratios towards the filaments?
[Olll] / Ha ratio > AGN

Is AGN fraction higher in protoclusters?
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7 Lya blobs are aligned in 2 filaments! NB4010: Lya emitters

Steidel (2005), Erb et al. (2011), Umehata et al. (2021), Bogosavljevic (2010)



HS1700+64 (z=2.30)
A young protocluster with linear Lya blob (LAB) filaments (Steidel, Erb...)
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An example of extended Lya emitters

Lya size > Ha or continuum sizes

-> resonant scattering of Lya

Ha (NB-BB)

100 120 N 8 100 120

NB4010 BBF Lya (NB-BB)

_ Preliminary!
(Lya) (continuum)

central dent? Daikuhara+ in prep.



Lya versus Ha in the simulation
Osaka zoom-in hydrodynamical-simulation with radiative transfer (post process)

A central dent in Lya/Ha ratio is predicted due to Lya resonant scattering (+dust)
More prominent in protoclusters due to more associated HI gas.
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a simulated SFG at z~2 Nagamine et al., private communication




Mapping HI gas with pair narrow-band filters at z=2~2.5

Lya / Ha ratio - HI gas (resonant scattering) + dust attenuation

Do we see lower ratios (in a certain aperture) towards the protocluster and filaments?

Lya: HSC NB filters, Ha: NIR NB filters 30

10

0.9 2 28-

0.8 N ’@
2 07 B 267
) Rt
%0.6 Y
) —
2 05 o 4 .
o4 T 3 : conflrmed B s S
2% 2 O proto-olugter c o
i 03 % R 22

;0 R
02 -3
0.1 L4 20

9150 2175 2200 2225 2250 2275 2300 2325

Redshift 187
Partially overlapping NB filters (eg. NB391 & NB395) |

CLAMATO Hi sur?ey

. ' S
0‘ .‘ ".’ . x

(D 1.5deg

can also trace 3D structures (at z=2.23). | ' ' . . | ~20Mpc)
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NB387 (z=2.18) and NB428 (z=2.53) are also available on Approve in S22B (Kodama+),

HSC where we plan to make matching Ha filters on SWIMS. and will be observed in Jan 2023



4. Where and how do the gas outflow or stripping
affect galaxies in clusters?

Isolated galaxies (Field) (Outflow)
(Inflow) J Gas removal due to feedback
Stochastic, rapid, cold ... .. (SN, AGN)

*
+*

gas accretion through —> Selective ejection of metal

filaments / “'u i rich gas

- Metal dilution by accreting pristine gas

(Proto-)Cluster galaxies
(Inflow)

A common halo is formed and‘gas is shock heated to its virial temperature.
—> inefficient gas accretion compared to isolated galaxies.

(Outflow) (Stripping)
Fall back of gas due to deeper potential wells Gas stripping (tidal or ram-pressure)

and surrounding gas pressure(Dave+11, Klus+13) 3 Removal of outer metal poor gas
- Recycling of gas (further enrichment)
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Mass-Metallicity Relation of Galaxies in Proto-Clusters
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Perez-Martinez et al. (2022a,b)

USS1558@z=2.5 shows slightly lower gaseous metallicity compared to the field
or richer protocluster PKS1138@z=2.2

Efficient cold gas accretion to USS1558 which elevates SF and also dilutes metals.



Gas Outflows constrained by Chemical Evolution

Gaseous metallicity (Z4,s) versus gas fraction (fyss) diagram

can constrain outflows (mass loading factor).
—— A = (outflows/SFR) (O Field z=0 xCOLD-GASS + ALLSMOG
@ PKS11382z=2.16 /A Field z=1.5 Seko et al. 2016
© USS1558 z=2.53 { Field z=2.3 Sanders et al. 2022
[0 Field z=3.3 Suzuki et al. 2021

USS1558 séhzows more sign of outflow than PKS1138 but less than field at z=3.3
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Gas is more confined in galaxies in protoclusters due to deeper potential wells
and surrounding gas pressure?



Size comparison of various galaxy components

dust continuum < molecular gas < stars
- Formation of bulges with higher SFE in galaxy centers?

XCS2215 cluster (z~1.47)
ALMA hlgh -R observations of CO(2 1) line and dust contlnuum (870pm)

T T T T T TT7 FTT T T T 17

L —— SFGs (z=1.5) i L /_/" i
—— QGs (z=1.5) ,/”
i ‘@ CO emitters (this work) ’ -7 ’
passive members (Chan+2018) ,/” ---- passive members (Chan+2018)
0.1+ I10 I I I — Ill 0.1 = I10 I I l — I11
10 10 10 10
M, [Ms] lkeda et al. (2022) M, [Mg]

Figure 7. Stellar mass—size distribution of the galaxies in XCS J2215. Left: HST/1.6 um sizes are shown for 17 CO emitters (blue circles) and 14 spectroscopically
confirmed passive members (red circles; Chan et al. 2018). The solid lines correspond to the best-fit mass—size relation of star-forming (blue) and passive (red)
galaxies at z = 1.5 (van der Wel et al. 2014). Right: comparison of the sizes of the CO emitters measured from different tracers. The blue circles, green triangles or
stars, and orange diamonds indicate the effective radii of the HST/1.6 um, CO J = 2-1 line, and 870 pm continuum, respectively. Two AGNs (ALMA.11 and
ALMA.14) are shown with green stars for the CO size. The red dashed line is the best-fit mass—size relation of the passive members of XCS J2215 at 1.6 um, as

preseniec i the el pancl We also see this trend for field galaxies at z~2 (Tadaki et al. 2017).
Any environmental dependence? - Need more data.
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ULTIMATE-Subaru 2028-

Ultra-wide Laser Tomographic Imager and MOS with AO for Transcendent Exploration

Ground Layer AO with Adaptive
Secondary Mirror (4 LGSs) 4 laser guide

+ stars
Wide-field (14’) Near-IR Imager (WFI) Adaptive

Seeing improvement Sclzondary
(FWHM 0.4”— 0.2” in K) over 14’ FOV  [RAEECIS

(cf. ~0.4” over 7.5 with VLT/GRAAL)

GLAO  Natural seeing

0 it <€~ Bad(75%ile)
@ 05 <— — Moderate (50%-ile)
o)
d'— J o/ 3
I 0.2 P Good (25%-ile)

K-band
0.2 04 0.6 2.0 1
FWHM [arcsec)

- 0.2” resolution for extended sources
1.5~2x higher sensitivity for point sources IEESMCDHRENCINK L]

NIR instrument




ULTIMATE-Subaru 2028-

Ultra-wide Laser Tomographic Imager and MOS with AO for Transcendent Exploration
Ground Layer AO (GLAO) + Wide-field Near-IR Instruments w/ MB/NB filters
largest FoV (14’ X 14’) and a 0.2” resolution (FWHM) in K-band

Subaru/MOIRCS
(4 x7)

| Subaru/IRCS
o (1"x 1)
International
Gemini/GeMS partners are
(1.4 x 1.4)
welcome!

e
s

A : ; VLT/HAWK-I JWST/NIRCAM
- (1¥ x14) . (75'x7.5) | (2x2.2"x2.2)

Subary/ULTIMATE-WFI
# Roman will have a Ks filter, although the priority of its large survey is likely to be low.

0.2" & 1.5kpc at 1<z<3
(1/3~1/2 R, for SFGs)

A clumpy
star-forming
galaxy at z~2

Spatially resolve extended SFGs and
gain sensitivity (1.5-2x) for compact QGs.

w/ GLAO (~0.2”) Seeing limited (~0.5”)

Courtesy: Y. Koyama A powerful tool for future protocluster studies.
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Unique and
complementary!
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Wide: 15,000 deg?
Deep: 50 deg?



Summary

Revealing the History of Galaxy and Cluster Formation and Evolution
with Observations by Modern Telescopes (e.g., Subaru and ALMA)
and Phenomenological Models

Formation of galaxies and their clusters was most active around 100-120 Gyrs
ago. We aim to see the galactic Universe across this peak epoch and obtain
global and statistical views of galaxy formation and evolution (macroscopic
approach) and at the same time spatially resolve the internal structures and
kinematics within individual galaxies to understand the physical processes
directly (microscopic approach). With the observational data obtained through
modern telescopes and the phenomenological models to interpret them, we are
revealing how the galaxies and clusters form and grow.



