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The peak epoch of galaxy/SMBH formation/dust extinction: 1<z<3 (6>T_,,(Gyr)>2)
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PFS line detectability (A <1.26 4t m)

TAO (5600m) : 98.7%
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i Wavelength Coverage (A/AA=5000)
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HSC + PFS will easily map out LSSs

CL0016 cluster (z=0.55)
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Subaru-HSC Legacy Surveys

Layer Area  # of Filters & Depth Comoving volume
[deg?] HSC fields [h3Gpc?]
Wide 1400 916 grizy (r ~ 26) ~4.4(z < 2)
Deep 27 15 grizy+3NBs (r ~27) ~0.5(1 < z<5H)
Ultradeep | 3.5 2 grizy+3NBs (r ~28) ~0.07(2<2<7)
survey area cluster number (dn/dz)

HSC-Deep 27 deg? 200 (>10%* M,) atz=1
6 (>10145M,) at z=1
HSC-Wide 1400 deg? 10,000 (>10'4 M,) atz=1

300 (>1045M,) at z=1



Hybrid Search for Clusters with HSC (HSC-HSC)

“blue sequence” survey (SF galaxies)
NB [Oll] emitter survey to z~1.7

“red sequence” survey (passive galaxies)
phot z (or color- color) survey to z~1.5
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Filter CW FWHM z(Lya) z([OI1]) z(HB) z([OILI]) z(He)
[A] [A]
HSC NB816 8160 120 5.71140.049 0.016 0.679+0.012 0.6304+0.012 0.24340.009
NB NB921 9210 131 6.5744+0.054/ 1.471420.018 0.895+0.013 0.839+0.013 0.403+0.010
filters NB973 9730 138 7.00240.057 0.019 1.0024+0.014 0.943+0.014 0.48340.011
NB101 10095 143 7.30240.059 \ 1.709£0.019 1.077+0.015 1.016+0.014 0.538+0.011




Red sequence (colour-magnitude relation) of

cluster galaxies

ol Coma (z:0.024) | 12
o o " w :
DI - . E al—
~ ) & 5 L
L e Elliptical .o, E.E;E 6l
L @50 . 0\ L
< [~ eSpiral + Irr . . :
- o Unclassified : CIONG+16 4
| | "
12 14 e =
Terlevich et al. (2001) v, SAEEHI] T
E
0 3 4
i "E/S0 g
= Cl0016 (z=0.55)

RDCS1252 (z=1. 24) -

&

P

814

23 24
Zgso (mag)

Blakeslee et al. (2003)

[4"]
o

'8 1e 20 21 22 23 Ellis et al. (1997)



Red sequence survey of high-p regions (galaxy clusters)

The combination of R, I’ and z' photometries is effective to cull out galaxies at 0.9<z<1.3.
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Dual Cluster Finding Approach

* The red sequence survey will be biased to well-
evolved rich clusters at any time, since it Is
sensitive to passively evolving galaxies, and
would miss young clusters with only weak red
sequence.

- By combining with blue sequence survey with
narrow-band filters, we can be also sensitive to
young, actively star-forming clusters, which are
common at high-z (>1).
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LSSs around two x-ray clusters at z~1.5 traced with [OII] emitters

NB912 A R.A. [Mpc (comoving)] 7
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Suprime-Cam/Subaru
30" ~ 30-40 Mpc
(co-moving) on a side

(Hilton+09) NBO/73
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Panoramic Follow-up Spectroscopy with PFS (PFS-PFS)

» Resolving Star Formation History in Finer Time Scale
Ha+ Balmer absorption + SED
107 yr 1089 yr >109yr
Starburst? Truncation timescale? - Physical mechanisms

» Dust extinction
Ha/H(B (Balmer decrement) - Dust extinction

» Chemical Evolution of Interstellar Gas
N2, R23, [Olll]am4959,5007/[Ol11]a363 (T,) = Gaseous metallicity

» AGN / SB separation, ionization state
BPT diagram - AGN contribution (environment and time)

» Electron density
[OIl]A3726,3729 - electron density of HIl region and PDR
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Galaxy evolution on the main sequence diagram

Star Formation Rate (SFR)

DUSty starburst Starburst mode is

(mergerS?) more prevalent
in proto-clusters!

fast track

Star-forming
main sequence

late track

Passive

Stellar Mass (M*)



Environmental (In-)dependence
of the Star-Forming Main-Sequence at z>2?
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M*-scaled dust correction for Ha is applied.

(Garn & Best 2010)

The same location of MS.
But cluster galaxies tend to
be more massive.

Dusty starbursts and
Truncation may be
environmental dependent

- Large scatter around MS
for cluster galaxies?

Koyama et al. (2013a)



Line diagnostics

AGN / Star-formation separation lonization/excitation state

Steidel et al. (2014)

Kewley et al. (2001) KBSS-MOSFIRE
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Relationship between SF and AGN? High ionization state (strong [Olll]) at high-z
SB or AGN driven wind? due probably to high SFR and lower metallicity.
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GGaseous meta”icity (Star formation + gaseous flows)

M-Z relation and its evolution  Fundamental metallicity relation (FMR)
Erb et al. (2006) Mannucci et al. (2010)
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Direct Method (gaseous metallicity)

Electron temperature (Te) measurements
from [OI11]Ar959,5007/[O111]A4363

[OI11]A4363 is ~1/100 of [OII]AS007 !
T T R SR T T SRS T T TR TS

wb [oin]

;_IJ_LJ_J.-_I_ M | [ Gl db |||||__|_|_ _I_|_L._I_LJ_I_l:
4330 4340 4350 4360 43?0 4330 4340 4350 4360 4370 4330 4340 4350 4360 4370 4330 4340 4350 4360 4370

Rest Wavelengths (Angstroms)

Fic. 1.— Detections of [O111]A4363 in z ~ 0.8 DEEP2 galaxies. The Keck/DEIMOS spectra for 8 of 28 galaxies are shown by the solid
black lines, with vertical red dashed lines indicating the locations of HyA4340 and [O1m1]A4363. OH skylines are indicated by the grey
shaded regions. The signal-to-noise of [O 111]A4363 detections is reported in the top right.

z=0.8 DEEPZ2 galaxies, Ly et al. (2014), Keck/DEIMOS
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Stochastic, rapid, cold ..o

*
*

. Metal dilution by
gas accretion through T . primordial cas inflow
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Electron density and the Schmidt-type law
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E+A galaxies (post-starburst galaxies)

K-type red continuum + strong Balmer absorption lines

I I
. Couch & Sharples (1987)
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Distant clusters contain increased fraction of galaxies with strong Balmer absorption lines which
have truncated star formation recently (within a Gyr). The strongest lines require starbursts just

before truncation.



H Balmer absorption line is a good tracer for recent SF quenching
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A-type stars (T~10,000K, age=0.1~1Gyrs)

Hydrogen Balmer series lines are strong.

Balmer absorption lines
become strong at the age
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integrated spectra, and then
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' 5 Post-starburst galaxies in group environment

Comparison of stacked spectra of red galaxies at different environments
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What quenches star formation in cluster galaxies?

Ram-Pressure Stripping (~107 yrs)

The gas in a galaxy is stripped off by the ram-pressure of ICM when it falls
into a cluster.

Galaxy-Galaxy Mergers (~ 108 yrs)

The gas is stripped off by the tidal force or consumed rapidly during mergers.

Suffocation (~10° yrs)

The gas trapped weakly in galaxy haloes can be easily stripped off by tidal
interactions with other galaxies or by ram-pressure of ICM. The remaining
gas in the disk is consumed rapidly without a supply of fresh gas any more
and the galaxy “suffocates” and the star formation is eventually truncated.

AGN/SB feedback (~ 1087 yrs)

Galaxy mergers often induce starbursts and AGN activities which can expel
the gas out of the system due to large energy input.
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PFS 1 hour exposure & 1.8 X 1017 erg/s/cm? (50) at 1-1.26um
< SFR(Ha, [Oll])eor ~ TMlyr @ z=1.5
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For absorption lines, 6 hrs
exposure will achieve 50 at
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Summary

 PFS-PFS on HSC-HSC
- ~200 clusters at z~1 (Az=1) in HSC-Deep

 Star formation history, Dust extinction,
Chemical evolution, AGN-Galaxy co-evolution,
and Physical States (electron density, electron
temperature, lonization state),
and their Environmental Dependence.

Truly statistical analyses (including stacking
analyses) to z<1.5 across various environments!



