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Origin of Environmental Dependence

N-body simulation of a massive cluster

Fie lof
z=30
(Yahagi+05)

% Optical Survey with S-Cam (0.4<z<1.5):
Kodama+, Tanaka+, Koyama+ Hayashi+, PISCES team

*NIR survey with MOIRCS (1.5<2<5.2):
Kodama+ Kajisawa+, HzZRG team (Subaru+ESO)

s it
becomes more important at high-z.
Nurture? (external)

Need to go outer infall regions to see
directly what's happening there.

M=6X 10" Mg, 20 X 20MIpe? (co-moving)




Star forming activity in the cluster cores

UHa emitters at z=0.81 (RXJ1716)
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O [OI1] emitters at z=1.46 (XCS2215)
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Inside-out propagation of star forming activity in cluster cores !?



Fraction of total population

PIDDNLIMUNZERBER - BENBITITSH?

Galaxy formation bias & External environmental effects (mergers?)
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High redshift(z) Radio Galaxies [HzRG]
with Subaru, VLT, and Spitzer

7/ confirmed proto-clusters at 2 < z < 5.2 associated to radio galaxies

Overdense regions in Lyman-a emitters by a factor of 3—5.

PKS 1138-262 2.16
4C 23.56 2.48
USS 1558-003 2.53
USS 0943-242 2.92
MRC 0316-257 3.13
TNJ 1338-1942 4.11
TNJ 0924-2201 5.19

Name redshift NIR Spitzer Lya spectra others
JHKs 3.6--8.0 16 NIR/Opt Ha, VLA, Chandra, SCUBA
JHKs 3.6--8.0 NIR Ha
JHKs 3.6--8.0
JHKs 3.6--24.0 29 Opt
JHKs 3.6--8.0 32 NIR
JHKs 3.6--8.0 37 Suprime-Cam, VLA, MAMBO
JHKs 3.6--24.0 6 Suprime-Cam/ACS (LBGs)

using MOIRCS/Subaru and Hawk-I/VLT
Kodama et al. (2007), De Breuck et al. (Spitzer HzRGs)
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Structures in proto-clusters

Spatial distribution of NIR-selected member candidates and emitters
Kodama, et al. (2007)
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“Red Sequence” of galaxies

PKS1138-262 (z=2.156)
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Emergence of the red-sequence at z~2

in proto-clusters?

z~2 (PKS1138)
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The red sequence seems to be emerging between z=3 and 2 ( 2 < Tuniv[Gyr] < 3).




Spectroscopic follow-up “still” in progress...

Incredibly unlucky with weather so far!
(10 out of 13 Subaru nights were clouded out !)
Nevertheless...

» Subaru/MOIRCS (NIR, ~30 slits over 7> X4, R=1300, 5 hrs)

3 Ha emitters (members) are detected around 4C23.56 (z=2.483)
2 Ha emitters (members) are detected around PKS1138 (2=2.150)

» Subaru/FOCAS (optical, ~30 slits over 6’9, R=1000, 5 hrs)

6 redshifts (Lyo+) are measured for USS0943 (2=2.923),
of which 2 are members (LAE, b-JHK), while the others are still
within 2.4<z<3.1, consistent with our b-JHK selection.

» VLT /FORS2 (optical, ~30 slits over 7> X 7°, R=1000, 5 hrs)
11 redshifts (Lya+) are measured for USS0943 (z=2.923),

of which 2 are members, while 4 out of 9 others are still

within 2.4<z<3.1, consistent with our JHK selection.
We don’t see many strong emissions... Need to search for continuum break and/or absorption lines.



Ultra-Deep Continuum Spectrum of a DRG
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Continuum (Balmer/4000Abreak)
redshlfts for DRG  iexetar 2008
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NEWFIRM Medium-Band Survey
(Kitt Peak 4m, 27.6' X 27.6’)
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Fig. 1— Medium-bandwidth filters designed for NEWFIRM and used in the NMBS. The throughput of the filters ranges from
7= 70 %9 for J; to == 90 % for H» (excluding effects of the atmosphere). The top panel shows the atmospheric transmission spectrum.
for two different water colummns: the broken line is for a colunm of 1.6 mum and the solid line 15 for 3.0mm.



Medium-band redshifts

® NEWFIRM medium-band data
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Fig. 2 — Spectral energy distributions from 0.3 —2.4 pm of the four galaxies in the SDSS 1030 Kriek et al. (2008) sar
the highest S/ ratio. Black points are broad band photometric data. blue points are the new medium band data. The med
data are able to pinpoint the location of rest-frame optical breaks in the spectra. Dark grey spectra are the best-fit EAY
SEDs. Light grey poinfs are binned near-IR spectra obtained with GINIRS on Genuni, from Kriek et al. The best-fit mode]

the (independent!) GNIRS spectra very well. AZ/(1 +Z) - 006 %Eﬁk‘

van Dokkum et al. (2009), arXiv:0901.0551
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Fig. 3.— Comparison of photometric redshifts derived from
medium band photometry to spectroscopic redshifts mea-
sured with the GNIRS near-IR spectrograph on Gemim for
the four galaxies shown mn Fig. 2 (solid symbols). There 1s
very good agreement, with scatter 0.01-0.02 in Az/(1+2).
Open symbols show the remaining 10 objects from the Kriek
et al. (2008) sample. The scatter 1s small even for these
galaxies, even though the S/N of their medium band pho-
tometry 1s lower than our survey criterion.
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OH lines
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4C23.56 (z=2.483) Halrha [SI1]

OBJ2_1 (4C+23.56)
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OBJ2_4

K-band spectra with Subaru/MOIRCS (4.7 hours, R=1300, 4’x7’)

4 Ha emitters including the RG. |. Tanaka et al., in preparation
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Science with Line Emitters

*k 3-D large scale structures with spec-z

*k Environmental dependence of SFH
Star formation rate (Ha, [Oll] emission lines)
Dust extinction (Ha/Hf)
Gas metallicity (R23, 032, [NIl}/Ha)
AGN separation ([OlI}/HB vs. [NII]/Ha)
Dynamical mass (line width)
Post-starburst (composite Balmer absorption)

“When and Where do we see (post-)starbursts and truncation?”
“How much star formation is hidden in the optical (rest-UV) surveys?”



Ha Mapping of CL0024 Cluster (z=0.4)

Suprime-Cam + BRz’ and NB912 (FWHM=134A=4000km/s)
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Colour selection of Ha emitters Phot-z of the Ha emitters
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Narrow-band emitter surveys (Ha, H[3, [Oll])
with Suprime-Cam/MOIRCS on Subaru

Targets Redshift Filter Instr. CW
(2) (bm)  (um)
(Clusters: PISCES)
CL0024+1652 0.395 NB912 S-Cam 0.9139 0.0134
CL0939+4713 0.407 NB921 S-Cam 0.9196 0.0132
RXJ1716.4+6708 0.813 NB119 MCS 1.1885 0.0141
NA671 S-Cam 0.6714 0.0130
XCS2215.9-1738 1.457 NB912 S-Cam 0.9139 0.0134
(Proto-clusters: HzRG)
Q1126+101 1.517 NB1657 MCS 1.657 0.020
Q0835+580 1.536 NB1657 MCS 1.657 0.020
PKS 1138-262 2.156 NB2071 MCS 2.069 0.027
4C 23.56 2483 CO MCS 2.288 0.023
USS 1558-003 2.527 NB2315 MCS 2.313 0.027
(Blank fields)
GOODS-N 219 NB209 MCS 2.091 0.027
NB155 MCS 1.545 0.017
NB119 MCS 1.189 0.014
SXDF/UDS 2.19 NB209/NB155/NB119 MCS

FWHM Line SFR Status

(M/yr, 50)

Ha 0.1 Kodama+04
Ha 0.1 Nakata+

Ha 1.7 Koyama+09
[Oll] Koyama+09
[Oll] 4.3 Hayashi+09
Ha planned

Ha planned

Ha 5.4 proposed
Ha |. Tanaka+09

Ha 12.4 proposed

Ha 10 Tadaki+09

Hf Tadaki+09

[Oll] 10 Tadaki+09
planned
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z=2.2 Hot#E#R ER:A] in GOODS-N
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TAO/Subaru (Near infrared)
 L(NIR)+SED

- Stellar Mass (Mstar)
* Ha/HB/[OlI] survey - Hll region (SFR)

ALMA (Submm--Radio)
« Submm conti. (850um)

> Dust (SFR)

« CO(B22) (~100GHz@z~2) -> Mol. Gas (Mgas)
Mstar » 3 4 <=7
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 Medium-band break survey (J1,J2,J3,H1,H2,K1,K2)
IRWNZEIRIER A D A /\—[E] TE L SED F %
(D4000/Balmer break)

« Narrow-band emitter survey (10~100 filters or TFs)
BLVEHMRAOERRERLETTREZ. AGN

(Ha. HB. [Oll]. [Oll]. [NII])
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