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HSC-SSP (Deep and Ultra-Deep layers; 27 deg?)
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The conventional red seq. technique alone will bias your sample of galaxy clusters.
HSC?2? is a large, systematic cluster survey with little selection bias to z~1.7



Hybrid Search for Clusters with HSC (HSC?)

Red sequence galaxies at 0.8<z<0.9
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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 Follow-up Spectroscopy with PFS (PFS?)




Two examples of HSC? selected clusters at z~1.5 in COSMOS

Dual (red + blue) cluster

® NB [Olll] emitters

Blue dominated cluster/group
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HySPEC-Euclid
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, [OIlll] 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 = 0F ; i : E

5F § USs1558 (Cluster) o >
[ o ]

(Apg=1mag is assumed) =

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

log (M, /Mg)



Panoramic Follow-up Spectroscopy with PFS (PFS?)

Confirming our large samples of HSC? cluster candidates
and
Revealing the full quenching history of galaxies since z=2

Key targets:

Large sample of galaxy clusters from our HSC? and HySPEC-Euclid surveys.
Rare objects such as RQGs, SBGs, and AGNs across Environments and M*

Key questions: when, where, and in what galaxies (mass/size) do they appear and why?

We can put constraints on the recent star formation histories (Qquenching time-scale,
starbursts), chemical evolution (gas flows), AGN contribution, and their environmental
dependences.

2025~



Panoramic Follow-up Spectroscopy with PFS (PFS?)

PFS ¢ | mm) SWIMS, ULTIMATE and with SWIMS/ULTIMATE
2.00 ] ‘ 47 . ;v;
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wavelength [um]
z<1-1.5 with PFS and beyond up to z<3-4 with SWIMS and ULTIMATE

1 hr integration - f~2.5 x 107 c¢gs (50) <> SFR([Oll])corr ~ 10 Mp/yr @ z=1.5
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Emission line diaghostic (gaseous metallicity)
- to explore environmental dependence of SFH and gas in/outflows -
Separation between ionization parameter (q) and metallicity (O/H)

[OI}/[Ol1] vs. R23
Two solutions

_IIII I I P

(O z=2.2 LAE (This work) LAES

| I [ )

T TTTTIT
Ll lllllll

) z=1.7 lens (Rig11)
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AR T o
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® z~3LBG (Pet01)
® z~3 LBG (Man09)
> =i g LBGs
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75 &A_:CFO?]Q
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| 2% 107
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1 10
R23

= ([OlI]+[OI]) / HB

Nakajima+ (2013)
z<1.5 with PFS

LOG ([OIN]/HP)

[OHI}/HB vs. [NH}/[SI
Single solutlon

J

. log(OH)+12
1.0-—939 ___ 869 )9 i
L 917 8.39 ____7.69
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0.5 / = —
0.0~ .
[ log(q)
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LOG ([NII)/[SI])
Kewley+ (2015b)
z<0.9 with PFS



Emission line diagnostic (AGNs)

AGN quenching may also be related to environmental quenching
if AGN activities are enhanced in clusters (e.g. interactions/mergers)!

: : Line width
Line ratios Low-mass (log M*/M$<10.9)
BPT-diagram SFR driven outflow (Avygaq~300km/s)

Separation between SFGs and AGNs

T T

Mux

.:: High-mass (log M*/M5<10.9)

¥ ] T AGN driven outflow

log [OII}/HB

Mz

log [NIIJ/Ha

ig--'.
_i{“‘
53

Z<O_9 With PFS I I.'h:ulnI I I:llul,nI - |I — :"Iu:ll - Jl.nlu:llll I;l-q.lﬂlllill .-l;'llllilll I-I -II II:‘"!H!- SHHY
elocity (kmis) SINFONI/VLT velocity (kmis)
AGNs are rare (a few %) objects. Genzel et a. (2014)

PFS is ideal to make a statistical sample!
PFS: R=3,000-5,000 & AV=60-100km/s



Absorption line diagnostic of RQGs
- fo constrain the timescales of star-formation/quenching -

Balmer absorption lines (A-type stars) Mg/Fe ratio
—> timescale of quenching, existence of starburst - timescale of SF before quenching
: l "M z=2.1galaxy Kriek+ (2016)
1k Couch & Sharples (1987) | 4.0 % z=1.6 stack neker { )_
: [ @ z=1.4 galaxy _ ]
10~ Truncation _ a5 ] . 1
ol W sta(gburst x A3c295 o 0.0 .
°r - A SO NS P I
-1 Simple trungation y sk’ - o :
ol ‘W/o starburst ~l ' :
7‘5 il i . | 20k / 0. ' :
| ° ) L ]
> : L T T T2
E al ' . 15F ,,%00 tyu=2 Gyr J
;' O F [Z/H]=0.33 [Mg/ Fe] 0.5
3 I _ T PR E TR [FTETTETER FETETERENE FETER TR Losasas
I ! o0 2 3 4 5 6
2f ! | Y _ Mgb  a-enhancement
r pes | > short SF timescale
1+ l’ : II.ﬂ};I I - 25Fd EHB EFeI EFeI EFeI FeIE FeIE -
o} (% 2 x ! | ak M o
1 ; 3 [ N C O
B,-R: or D4000 480 500 520 540 560 580 [nm]

We can access to these lines back to z=1.5 (Mg/Fe) ~ z=2 (H®) with PFS



SW/ms$S

Institute of Astronomy, University of Tokyo
A new NIR camera and Multi-Object Spectrograph developed for Tokyo
Atacama Observatory (TAO) 6.5m telescope (Co. Chajnantor 5,640m)
Initially operated at Subaru (2021~2022) and then moved to TAO (2025)
FoV=6.6" x 3.3’ (Subaru), 9.6’ x 9.6’ (TAO)

2-bands (0.9-1.4/1.4-2.4um) simultaneous imaging/spectroscopy

> Survey speed is doubled (imaging and spectroscopy).
Line ratio is not affected by slit loss (spectroscopy).

/—‘ Telescope Focal Plane ‘
- | MOSU Slit-mask Exchanger |
- L - il ==

TAO 6.5m

Blue Camera

Cryogenic Storage
- Slit masks
- IFU module

‘, | s P ‘
{0 ﬁ
BN ‘

= =l Il _
5 ‘L‘.w ] i |
1|
e L
0 U

Tokyo Atacama Observatory
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Full survey of SWI1/1S-18 on TAO (2025-)

survey area # of NB MB BB overhea Time Total time
layer (sg.deg.) pointing (red) (red) (red) ds (/FoV)

Wide 1 100 3 hrs 2 hrs 1 hr 10-50% 32 hrs 3,200 hrs
Deep 0.1 8 18hrs 12hrs 6hrs 10-50% 192 hrs 1,500 hrs

(1 mag deeper) Blue filters are observed simultaneously with double exposure times

SWIMS-18-Wide (1 sq. deg.)
SFR-limited sample (HAEs) : 7.5 X 10°Mpc3 at each redshift
M*-limited sample: 1.2 x 107 Mpc3 (Az=1)

- We require ~470 nights of observing time at TAO

This can be done in collaboration with l0A, Univ. of Tokyo.
Moreover, >33% of TAO observing time will be open to Japanese community.
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Early star-formation rate (M yr™')
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K1-K2 vs K2-K3 K2-K3 vs redshift
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RUBY-RUSH

Candidate massive quiescent galaxies at z~5
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Takahashi et al. 2023, in prep.



COSMOS-AzTEC3 cluster
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Subaru/MOIRCS K3 and K4 filters
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Triple NB imaging of high/low density regions in Deep2-3 at z~1.5

z~1.48 [Oll] emitter imaging with HSC partly overlapping NB921/NB926 filters
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Triple NB imaging of high/low density regions in Deep2-3 at z~1.5

DEEP2-3 field (HSC-Deep)
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HS1700+64 (z=2.30)
A young protocluster with linear Lya blob (LAB) filaments (Steidel, Erb...)
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Dual NB imaging (Ha, [Olll]) can identify AGNs on the photometric MEx diagram
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HS1700+64 (z=2.30)
A young protocluster with linear Lya blob (LAB) filaments (Steidel, Erb...)
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GRACIAS-ALMA

Galaxy Resolved Anatomy with CO Interferometry
And Submm observations with ALMA

SEFEE (~1koo) ORTIEFAIRYDABIEE
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Subaru/IRCS NB+AO  HST/ACS HST / WFC3 ALMA ALMA

SF traced by Ha SF traced by UV~ Stellar mass  Dust cont. CO line
0.1"7-0.15" "’ 0.16” 0.1” 0.2”

2 || 2

GANBA-Subaru HST imaging JWST% ! GRACIAS-ALMA
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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)
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Unveiling the propagation of “intrinsic” SF activities across the proto-cluster
and within individual galaxies

JWST cycle-1 GO program (Dannerbauer, Koyama, Kodama+)
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 1282|Jm)

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 r O CO(1-0) emitter ~ ==--- HST, ~— ====- NIRCam (this proposal)
Charged Time: 3.6 g i 1
58
g 4 S T |
0.5 Py B sl Oo ¥ : \‘\~~»\_§I ] )
S F410M | g @ ¥ |'
0.4 ] o - : © o o B fo) %
51/ -10 E { ! o 54
a ] -l = s o g 1',
= s ) g r I o . oo ,,I -
=2 0.3 8 8 N I : o Se o - ,: . 51
§ F405N I 2 A o :||; s ¥s @ o o ]‘l: (%
[=] | 4
ﬁ 0.2 -5 B -1k Ell 3 % e o l: : ] 7
- E § HI o : %0 | ® .
|
0.1 I S l ELOQ\O‘ I" |
0 0 T T ||| T I\KISPECZ=61 I 0 2 § i :____9_:::::::::::::-__::\_:‘F_‘_\,H_‘_‘ ___________ 4':__1 7 37
39 4.0 4.1 4.2 4.3 o
’ y £
Wavelength [pm] gL 3’ x 6’ field ] *
205 210 2.15 2',20 2.25 2.30 2.35 05.0 11:41:00.0 55.0 50.0 45.0 40:40.0 35.0 .
Redshift RA

We can capture Pap line (rest 1.282um) from the cluster members with F405N narrow-band filter.
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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 Sf_iondary
(FWHM 0.4°— 0.2” in K) over 14’ FOV Mirror
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- 0.2” resolution for extended sources
1.5~2x higher sensitivity for point sources: IEESMCDERENCINKIIE]

NIR instrument
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