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g DEE(E: —DDMIm

(1) (8)B=ESDER = EZKE

 SERIETO
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““Cosmic noon”

0.4 0.6
log(1+2)

Hopkins & Beacom (2006)



g DEE(E: —DDMIm

(2) WWBEBSDERE = )\v I ILRFIDAZH

BHARY (early-type) < > BRHABY (late-type)
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g DEE(E: —DDMIm

(2) RBERDER = J)\v T JLRFIDAZH
EHARY (earl| Galaxies at z~2
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Star Formation “Main Sequence”
= SFR-Mx relation for star-forming galaxies
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Elbaz et al. (2007)



Stellar mass is the king?

Mass-metallicity relation

SDSS (z=0)
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SF main sequence out to z>2

v MS exists at z~2

v SFR o Mx%?

v scatter always small
(~ 0.3 dex)

-
o

v “starbursts” are
rare (e.g. SMGs)
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v/ ULIRGs are not
necessarily “star-
Stellar Mass [M_]

bursts” at z~2.
Daddi et al. (2007)




SF main sequence out to z>2
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From NEWFIRM medium-band survey (Whitaker et al. 2012)
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Galaxy evolution & environment

58 Cluster Sample — all
| “ Morphology-Density Relation”

Spir'al red, old,
low SF activity

o
™

fraction

o
i

blue, young,
high SF activity

Jf///ga

—1
Low-density log surface density (Mpc2) High-density

(Dressler 1980)
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arge-scale structure (z=0)

20n

© SDSS



Main sequence vs. environment

SF main sequence is “independent” of environment at z=0

©
o

D1

—star=forming galaxics: D4
s star-forming galaxics: D1

w— star-forming palaxies: all

10.0
log Mass

D4
m— star-forming galaxics: D4
e srar—forming galaxics: DI

— star-lorming galaxies: all

high-density
(z=0)

log Mass

Local star-forming galaxies from SDSS (Peng et al. 2010)



Any trick... ?
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Q: How about in distant universe?



Two big challenges

(1) Distant clusters (z>>1) are very rare.

- The number of known (proto-)clusters is now increasing.



Galaxy clusters at z>1.5

Spec-z confirmgd & X-Tc clusters only
(candidatds are much more)
CL J1449+0856 2=2.00. Gobatet al (2011; 20B)

JKCS 041 - | | z=1.80 ':;Newma.n__et al, (2013)

IDCS J1426.5+3p08 ~ — z=1.75 < Stanford ef al. (201-2)'

XMMU J10532¢ +572348 =1 75 Henry etat, (2010) -

SPARCS J0224%7- 032354 z=1. 63 Muzzm et al. (2013)

ClG J0218.3-051 o A\ 25l 62 | Tanaks et ak (3010), Pa'pov h et al. (2010)
CL J033211.67 246334.8-.‘ 2=1.61 Tanaka et al. (2'013)

XMMU J0044.p-2033
XMM J1007+1 7 A
XMMU Jo338.¢§

XMMXCS J2215.9-1738 z=1.46 discovery by Stanford et al. (2006)

z=1,58 Santos etal. (2011) -

z=1.56 Fassbender et aLﬂzm )

by Hilt 12009
1.48" R 35tast &f '



Two big challenges

(1) Distant clusters (z>>1) are very rare.

- The number of known (proto-)clusters is now increasing.

(2) Large uniform sample of SF galaxies required.

= NB emission-line survey is an ideal solution !
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AHAL O-Subaru project

Collaborator: T. Kodama (Pl), M. Hayashi, K. Tadaki, I. Tanaka, R. Shimakawa, T. Suzuki, M. Yamamoto

Apping H-Alpha and ' ines of Oxygen with Subaru

Suprime—Cam filters
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Big advantage of Subaru

z=30 z=95 z=3
e
- -
“ ¥ ‘)‘ r - ' ’ - -
. iy oS5 . N

/| . ' Y :
M=6X10" Msun, 20Mpc X 20Mpc (co-moving)

Yahagt et al. (2005)




NB survey: powerfulness & Recipe

v/ Easy selection of (star-forming) cluster members

v Measure line fluxes (SFR) for “all” galaxies within FoV

rrprrrrprrreprrr e e e p et ey
X . NB emiT'l'er'S ﬁf[HUIII]

x : NB emitters = |-
. O z=D.Bn“

E(B-V)=0.2

/

z'—NB921 [mag]

H
n

I|IIII|IIlllllllllnl:llllqlllllll|IIII

L @ Select NB excess source '@ Check-their BB colour

L1 | - L1 | L1 | I L1 1 NI FEEEl ENENE FR NS AEE RN AR Nl SRR N EE R

19 20 21 22 23 -1 -05 0 05 1 15 2 25 3
NB921 [mag] R-z' [mag]

An example: z=0.4 Ha emitter survey by Koyama et al. (2011)




Some MAHALO Highlights

Red Ha emitters strongly clustered in group-scale environments

A R.A. [Mpc (comoving)]
2 0 —2 —4 —6
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lllllllllllllllllllllllllll

10 ) 0 -5 -10 -15
A R.A. [arcmin]

A Dec. [Mpc (comoving)]

N SIS NS VYA NP SYA NN U R I NP VY AN

258 2N

_——— - 0% _ =

IIII|IIIIIIIT

B
=1/ 5<Rc<d 05'

1.0<Rc<I. 5|Mpc

IIII|IIIIIIIT

..ocu S 2,

___-n_ g W R
roups = o) -

IIIIIIIIIIIIIIIIIIIII@

@

20 22

z' [mag]

M .red Ho emitter (B-1>2)

O:blue Ha emitter (B-1<2)

(Koyama et al. 2011)




High-z structures revealed by MAHALO

AR.A. [Mpe (comoving)]

4A R.g. [M[())c (c212110vi_n4g)]_6 (HayaSh|+10, 11)
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A R.A. [Mpe (comoving)]
0 -5 -10 -15

8
=

5
T T T
ADec. [arcmin]
ADec. [Mpe (comoving)]

A Dec. [arcmin]

A Dec. [Mpc (comoving)]

A Dec. [arcmin]

e b b by by by a by

A Dec. [Mpc (comoving)]

0 -1

AP P N TS I : .
5 0 -5 -10 -15 LN W e NN AR.A. [arcmin]
A R.A. [arcmin] ’

Many strong emitters
in z>1.5 cluster cores
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Cluster galaxy evolution revealed
with MAHAL O-Subaru project

KQ : passive red galaxy\
* : normal SF galaxy
¥ : dusty SF/ AGN

J

Schematic diagram of

cluster galaxy evolution
since z~2.



HiZELS: High-Z Emission-Line Survey

Collaborator: I. Smail (Durham), D. Sobral (Lisbon), J. Geach (Herts), M. Swinbank (Durham), P. Best (Edinburgh)

Ha Ha Ha Ha
@z=04 @z=08 @z=1.5 @z=2.2 |Total~2deg’surveyin COSMOS & UDS

# now further extending the survey area.

Filter Field Detect W/colours Emitters Stars Artefacts Ho
NB C/u (3er) # (3T = #

155542 148702 2819
236718 198256 6957
32345 31661 700
21233 19916 551
65912 64453 723
26084 23503 418
09395 98 085 1359
28276 26062 399
1054 940 52
1193 1059 33
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o

~500-2000 Ha emitters at each redshift,
providing excellent comparison sample
for our MAHALO cluster samples.

Subaru
filter UKIRT filter Sobral et al. (2013)






Cluster vs. Field comparison out to z~2

The MS location is always independent of environment since z~2 !
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From rest-frame log(M*/

R-band photometry
+ M/L correction (Koyama et al. 2013b, MNRAS, 434, 423)
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©

From L(Ha) +
Mx-dependent
dust correction




SSFR evolution: following o< (1+z)°

Look back time [Gyr]
0 5 10

= log(M*/M_)=10.0

x
>
e
o
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Il
2
o
N
N

B : Cluster HAE
@ : I'ield HAE

1 2 1 1 1
Redshift

(Koyama et al. 2013b, MNRAS, 434, 423)




Interpretation: rapid SF quenching ?

@ D
Sa 20@1@
L




Interpretation: rapid SF quenching ?
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Looking for signs of
environmental effects...

(1) Stellar mass

(2) Dust extinction

(3) Metallicity



Mx, SER, AMS distribution

log(M*/M®) log(SFR,, u.)

Excess of
massive galaxies

in proto-cluster
PKS1138-262

(HiZELS)

: Cluster
o 10 1 (MAHALO)

log(M*/M®)

(Koyama et al. 2013b)



PKS1138-262: a proto-cluster @ z=2.2

B A famous over-dense region
at z=2.2 (radio galaxy field)

- first identified as over-density of LAEs
(Kurk et al. 2000)

B Multi-wavelength follow-up

- optical/NIR spectroscopy
(e.g. Pentericci+00, Kurk+04, Croft+05, Tanaka+13)

- X-ray (Pentericci et al. 2002)
: : - Ho survey (Kurk et al. 2004)
= 35 5 &2 o
: NDINE (Kodama et al. 2007)
: LAE, [1: HAE, O: ERO
(Kurk et al. 2004) - SED analysis (Tanaka et al. 2010)

- morphology  (Zirm et al. 2008; 2012)



MOIRCS Ha survey in z=2.2 proto-cluster

AR.A. [Mpc (comoving)]
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(Koyama et al. 2013a, MNRAS, 428, 1551)
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Massive SF galaxies in z>2 proto-cluster

AR.A. [Mpc (comoving)] Our MOIRCS+NB(HG) survey
0 -2 -4 -8 .
revealed red Ha emitters
dominate the core of z=2.16
proto-cluster (PKS1138-262).
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Red emitters are massive (Mx IR S
>10"M®), and clearly dominate 19 20 21 22 23 24

dense environment at z~2. Ks [mag. AB]
(Koyama et al. 2013a)




Looking for signs of
environmental effects...

(1) Stellar mass

—> At z~2, SF galaxies in cluster environments tend to be more
massive (& redder) than those in underdense environments.

(2) Dust extinction

(3) Metallicity



Dust extinction vs. environment (z=0.4)

Higher dust extinction (different SF mode) in high-density env?
| A(Ha) from

_z=0|4 :s*almplle SFR(IR)/SFR(Hc)
I r—m / .

A(Ha) from _
SFRg fia

SFR
95 10 105 11 115 S . ‘Har, 008
log;o(M: /M) - Ve _;+ - T. . —

(Garn & Best 2010) RN 1 £ oMl A(Ha) from ]

stellar mass _

A(Ha) from |
A(Ha)-M# relation *'-° E
(Garn & Best 2010) logZ,, [1/Mpc?]

(Koyama et al. 2013b)




Looking for signs of
environmental effects...

(1) Stellar mass

—> At z~2, SF galaxies in cluster environments tend to be more
massive (& redder) than those in underdense environments.

(2) Dust extinction

—> SF galaxies in cluster environment may be dustier.

(3) Metallicity



Metallicity vs. environment

Proto-cluster galaxies are more metal-rich particularly at low-mass end ?
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(Shimakawa et al. 2014b, MNRAS submitted)




Looking for signs of
environmental effects...

(1) Stellar mass

—> At z~2, SF galaxies in cluster environments tend to be more
massive (& redder) than those in underdense environments.

(2) Dust extinction

—> SF galaxies in cluster environments may be dustier.

(3) Metallicity

—> High-z cluster galaxies may be more metal-rich, particularly
for low-mass systems.



What's next?



What's next (1) — morphologies

. .,;._‘-.' AN | '.« ;'Zf? } Ogies Of
i+ emitters
38 proto-
r eno.

M. (Ma) v (Koyama et al. 2013a)



GANBA-Subaru

Collaborator: Y. Minowa, MAHALO-Subaru team, HiZELS team

Galaxy Anatomy with Narrow-Band AO imaging with Subaru
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Pinpointing the site of stellar build-up

Galactic centre? On disk? In clumps? Any environmental dependence?

median '[U"'"}'.EL median IGE{SSFR [1/%r])

06 08 10 12 14 16 18 2.0

= Bulge
. (nuclear)

-1
1og(R/R,) [2800,q] 10g(R/R,) [2800 ]

From CANDELS 3D-HST by Wuyts et al. (2013)




What's next (2) — 3D spectroscopy

3D views of cluster SF alax1es z=0.4) with Gl\/\OS+IFU observation.

CLO939-GMOS1




What's next (2) — 3D spectroscopy

The first [NII]/Ha map of transitional galaxies in distant cluster env.

CL0939-GMOS1 | CL0939-GMOS2 | CL0939-GMOS3 | CL0939-GMOS4 (R RI-31-¥e] .Y o1
" |

[ Positive



What's next (2) — 3D spectroscopy

The first [NII]/Ha map of transitional galaxies in distant cluster env.

CL0939-GMOS1 |CL0939-GMOS2 | CLo¢
" | -

7ol

CL0939-GM




Spatially resolved line ratios with TMT

Mapping multiple emission-lines over the galaxies to unveil
central AGN, metallicity gradient, excitation states... etc.

AGN in the central region Purely star-forming

Deep3a-15504 e R zca07302  Redder symbols show
. oL z= 2.1823 ' 7 e
' galaxy central pixels

—
XL
=
=
o
L=
u
=
o
—
o
L=
—
=]
o -

[DHaE map [Mll ) He [Ol)Hg map j Reglon colorcoding
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Blkpc o [l B kpo \ [ % B kpc - ' k|
‘ )| ‘ @3 |
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0.5 0 . = 1 0.5 0
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Pixel-by-pixel BPT diagram from SINFONI+AO observation (Newman et al. 2013)



What'’s next? (3) — gas/dust with ALMA
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Dusty SF clumps in high-z SF galaxies

HST image
" (ACS+WFC3)
NB23%5-4
ALMA will allow us to
‘. directly test the nature
of these Ha strong
clumps.
ST image
(ACS+WPC3)

Ho emitters at z=2.5 in SXDF/CANDELS from Tadaki et al. (2013)
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