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z =30 (136{E4ERM) z=5 (125E4R0) z.=3 (115{E4R)
47 >< 7)

34X 27 2 il

% S-Cam|Z X5 FIHIEHISE (0.4<z<1.3), PISCES
Kodama et al. (2001; 2004; 2005), Tanaka et al. (2005a;b; 2007a;b;c)

* MOIRCSIZEDERIIF (2<2<3), HzRG
Kodama et al. (2007)

M=6X10"Mg, 20MpcX20Mpc (co-moving) Yahagi et al. (v GC; 2005)



anoramic /maging and Spectroscopy of

luster “volution wit ar

u volu with Subaru

Class Cluster RA Dec z Lyx Bands Coordination

(J2000)  {J2000) 104

z~0.4  CL 0024+16a4 00 2635.7 +170943.1 039 3.2 BR:z NB , MM, Chandra
CL 093944713 0942 56.2 +46 59 12 041 92 BVEINB XMW
RX J2223-+2037 22 2836 420 37 12 042 16.5 BV R Chandra, 5-7

z~~0.00 WS 0451.6—0300 04 54 10.9 —02 58 OF 0.4 120 EVEHEI , Chandra, S-Z
CL 001641609 00 18 33.5 +1626 134 0.546 26.0f BV R , AMM, Chandra, 8-7
MS 2053.7—-0449 205621.8 —04 37514 0583 50 BVE!Y , AMM, Chandra, 5-Z

z~-0.80 RX J1716446708 17 16 49.6 +67 08 30 0.813 2.7 VR!Z Chandra,
M3 10564.4—-0321 1056595 —03 37284 083 200 VR , XMM, Chandra, 5-Z Spitzer
RX JO152.7—1357 01 52 42.0 —13 57529 0.831 16.0 VER:/Z , %MM, Chandra, S-7Z Spitzer
RX J1226.913332 12 26 58.2 133 32 49 0.9 53.0 VR XXMM, Chandra, 5-Z Sp@tzer
CL 1604443 16 04 28.3 +43 16 24.0 0.9 2.0 VR'Z , AMM SpltZéI‘

z~1.2 RDCS J0910+5422 09 10 44.9 +54 22089 1.11 2.1 VR!S Chandra Spitzer
CL 12022927 12 52 54.4 —292717.0 193 6.6 VR'Z , ZMM, Chandra Spitzer
RX J1053.7+5730 1003 43.4 o7 3521 114 2.0t VR!/Z XMM Spitzer
RX JO343.9+4452 03 48 46.9 44 56 22 126 2.8 BVE/Y , XAMM, Chandra Spitzer

" 0.4-10 kev, ¥ 0.5-2 kev, others are bolometric X-ray luminosity (Hp="70).

CL0024, CL0939, CL0016, RX1716, RX]0153, CL1604,
CL1252, RX]0849,
CL0024 (2=0.39), CL0939 (z=0.41)

RXJ0153, CL1604, CL1252, RX]0848
RXJ1716, RD0910
CL0939, CL0016, RXJ0153, CL1252, RX]0848 P ES

Imaging : Suprime-Cam-BB

Suprime-Cam-NB (H /)

WEFCAM (NIR)

MOIRCS (NIR)
Spectroscopy : FOCAS
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Down-sizing In star formation

as a function of Time
8,000 galaxies at 0.4<z<1.4 from DEEP2 Redshift Survey

0.40<z<0.70
4.3<t(Gyr)<6.3

0.75<z<1.00
6.5<t(Gyr)<7.7

1.00<2z<1.40
7.7<t(Gyr)<8.4
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The critical mass
that separate
red/blue pops shifts
to lower mass as
time progresses!

Bundy et al. (2000)



&3 Down-sizing as a function of Environment
P s red/blue galaxies

RX]J0152 (z=0.83) CL0016 (z=0.55) - SDSS (z=0)

= field ,,qg_qj—ﬂj—ta - =

— | | —
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Tanaka, TK, et al. (2005)



Down-sizing as a function of Cluster Richness
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Star Formation Histories of Galaxies
vs. Mass and Environment

Redshift
0 0.6 1 2 3 5
9 I I I I I
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Thomas et al.

(2005)
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When does the red-sequence of
gaIaX|es eventually break down ‘?
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The most distant X-ray cluster to date
(z=1.45, 9 Gyrs ago)

FiG. 1.—K -band image of a 3’ field centered on the cluster with an X-ray
overlay of contours in blue. The six spectroscopically confirmed members are Stanfo rd et al . (2006)
circled in red (ID = 14651 is not detected in the K, image). The green circle

of diameter 60" shows the location of the region used for the X-ray analysis
reported in § 3.1.
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Subaru/MOIRCS observations (except for 1558)
(0.117’ /pix), 7’=10-15Mpc@z=2-3

Targets redshift J H Ks PSF
(radio galaxies) (2)
PKS 1138-262 | 2.156 | 83 min 55 min | 0.5"~0.7"
USS 1558-003 | 2.527 | 180min 175min 0.7”
(5’ x5) (SOFI) (SOFI)
USS 0943-242 | 2.923 | 118min| 68 min| 63 min | 0.4"~0.6"
MRC 0316-257 | 3.130 | 78 min | 60 min| 55 min | 0.6"~0.7"

J=23.5, H=22.3, K=22.0 (5 sigma, Vega)
Kodama et al. (2006) in prep.




JHK selection of 2<z<3 galaxies

H - K_

Kajisawa et al. (2006), Kodama et al. (2007)

Common criteria (DRG):
J-K>2.3
passive/dusty gals at z>2

|

Our new criteria (JHK):
(J-K)> 2(H-K)+0.5
&& J-K>1.5
passive/dusty (2<z<3.3) +
star-forming (2.4<z<3.1)



JHK selection of 2<z<3 galaxies

H - K_

Kajisawa et al. (2006), Kodama et al. (2007)

Common criteria (DRG):
J-K>2.3
passive/dusty gals at z>2

|

Our new criteria (JHK):
J-K)> 2(H-K)+0.5
&& J-K>1.5
passive/dusty (2<z<3.3) +
star-forming (2.4<z<3.1)

J-K>2.3 -- +-JHK
J-K<2.3 -- b-JHK



JHK diagram (0943@z=2.923)

USS0943 (z=2.923 GOODS-S (blank field

T

I T T T

T T T T T T T T
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Statistical excesses of both r-JHK and b-JHK are clearly seen (factor=2~4).
Kodama et al. (2007)
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Environmental dependence of
stellar mass function: Theory
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Red sequence at z~2.3 In the Field
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Kriek et al. (2008)



Environmental dependence of
age and stellar mass: Observation

A proto-cluster at z=2.3
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Ages and stellar masses of galaxies in the protocluster are 2 times larger than in the Field.

Steidel et al. (2005)



Small environmental dependence of star
formation epoch In early-type galaxies?
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van Dokkum and van der Marel (20006)
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Submm sources In 7 proto-clusters
(2.1<z<4.3) around radio galaxies

PKS 1138-262
Beam/PSF (3C345)

K
g
:
b 3

Stevens et al. (2007)




Summary for the Distant Clusters
Surveys with Subaru

» Groups In the outskirts of clusters are the
key hierarchy for truncation/transformation of

galaxies.
-> Formation of SOs (and some Es)

* The redshift interval of 2<z<3 Is the key era
for the formation of massive galaxies in high-
density regions.

-> Formation of Es (and some S0s)
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