- v Ve ‘ " e de
(RX-EFPEETEOTR OB, 2312/23/2) ,
: " 2 o. v . 3 ” "
0‘ . ! . g . T g ;
AL ENTE
. . f. e : /
» . * ' .. : ‘. ®
: - '.o 3
. N . 4 .
~ o .;..:
. _ . ° |
'. . % . .. _ - ..ﬂ »
s . . .

RE %% u—’és 7‘—#@%) il
'@*Hé/\\'jaféﬁ;ﬁoﬂﬁﬁ Soo. J

\
L
-

’. I3 e

& ga/axi/ c/usfér RXJ 0152 at z=0.83¢( Sabar'u/Supmme -Cam )



N

 AbOFTI Y
[ERAIDEE L. i -ZME-E=1

» FRIATAERESF
BRIFICEIFSNOIMAI DR A EEE]

o SROAIAE T
[RoEA:RAIRZEDET D]




N

 A/hOF DI

[ERATD1E

B FE-ZR-E

=
==4

]



IRAIDMEEZRET 93 DD H

$RA] D R
(EfEkk. hPHEE. BB

BH= (m)
T35

FFfE (T)
[EF] w2 (o)



BB 70 gRn] « R O R (BT 7 L)
http://4d2u.nao.ac.jp/
1258 AT ERIFT B Ak R IE K

100{E &/

movie
[

movie

RAERIZ D 1 IMEVR

RIDITNSIRRIENTZS SAEEN, TNUONESTHEG>THEED,
BREZBROIRLRNG, XV RERRE~EHEL T,



fraction

i)

FRAAAE

It D3~

AN

frola

R DR —Z E % (Dressler 1980)
0f————
1+ -
58 Cluster Sample — all Z~O g
{80
o8 LoRRERE AT
AR
08|
0al .
EWMRGEFR [0
(&LY) 4 //
4/, —
s 1
0 l—— b : _
-1 0 1 2 3 4

log surface densitv (Mpc2)

MRe(ZEMERE) - /\O—E= Bk

T OREPRIE 2

group

(i)

J’/'

Jalaxy

clusrer cove

JERH) (EFEhn) 2

¥ PSR T B0 528 L2 e 7 i
TEFI., IRIENIID LEN
T7 44—V RTHEEND,
®“RH (FH) °?

R O FE T & SR 235 H
GRS L o AR AT 5,



SR DOEZE . A1

(P&, EFOA—L )

R B IR TlRB RSB,

FHESAPOIEN NI ILFEHEREIR)



o wn. ATEMEIEaL—aY & &8 FE £R 5] [ oh D 4R 5A]
bl » 3

G T A 72 & QBN K 28R T A O FEHY

RN B Ly B L
0913 = & N

S e - NaCH#s2)

HlonR .«
2 g A
12ps S -
2% “" - - ﬂ
_— . »
: nhk 2 e ®
= : ;
g AR AR
g 10+ S g ' 4 =
(=) . : . e .8
09} ARY .=
& L B L4
08 — : : . ¥ s il
| | | o » R

40 35
RIGHT ASCENSION (J2000)

176 -0.56 0.64 1.85 3.05 P —_ p V2 Kenney et al (2004)

log (8)

Abadi et al. (1998) V~1000 km/s

(4R ST IRMHIRIE CREIERMN,




SRIAT DI RE I = 48 REnE I T2 b4 5 2

SR I8 1 A 2 I E T 6 LT L o IR 72 5 2



B UVER AT
TR E
EHRIRA O
HEMNFLY,

EEDERBREL. BN ORAREDELES.
AN AT DAY — )L TEEZBEL TS

| Baldry & Blanton based on SDSS

00 0
WA Landictuclindouloilendndneliosudidhasimliniodetaibadbadimlddindonioduhsbuiinndminiiibtsgmiiateyinaaiumindod 0.0

cs €S r< o< er

(pom) & orpol € ;M sbulinpom siuloedo bnod-—% Eﬂéé(M
\C 0 i ® |)




§==3
E 38—
E 0%.0 > 5> 0RO 3 ERSRAR IR e ———— =
£ 0.40<z<0.7 ] . » e
= I Je- 25k ;
; Bl - e
] L e
EN .
1 - =30 1 -
; T £
7 — x s ) —
:E: x_l, 8 _3 5 o p—i" | ]
] T M r = ]
IO [ |/ ]
HJe-2 a —4.0r¢ : ]
] ™ = & ]
3 g - r i
d..T @ —45¢ .
1 2 9 /) z ~ 0.1
] s BH - 3
e Vg 153 <2< 20 ]
E okt > s> 000 1 - i | 20<2z2< 3.0 ]
-1.00<z<1.40 ; ~5.5F 7
E I " —;E.— 30D <z < 4.0
= I <15 . - e w1 DTS P s oois voia g
ras>sao_fp_ 11 10
ot oo o Log(Mstor [Msunl)
¢ oyhod 8.0 < 8-Ux3

ot ot oor “ Yale-Chile, GOODS-CDFS
log Mstar Marchesini et al. (2009)

Bundy et al. (2006)
REVRANZE R D RL INSWRAIIFE BN TREENS 2 “Down-sizing” ?



» FRIATAERESF
BRIFICEIFSNOIMAI DR A EEE]




Final cluster with M=6x10'* M , 20x20Mpc? (co-moving) (Yahagi et al. 2005; v GC)



ES

Panoramic /maging and Spectroscopy of

Cluster Evolution with Subaru

10 X-ray clusters at 0.4<z<1.5

Class Cluster RA Dec 2z Lx
(2) (J2000)  (J2000) 1044
0.4 CL 0024+1652 00 26 35.7 +170943 0.395 3.2
CL 0939+4713 09 42 56.6 +46 5922 0407 9.2
0.55  MS 0451.6—0305 04 54109 —-030107 0.550 12.0
CL 0016+1609 0018 33.3 4162636 0.541 26.0
0.8 RX J1716.44+6708 1716 49.6 +6708 30 0.813 2.7
RX J0152.7—1357 01 5241.0 —-135745 0.823 16.0
1.2 RDCS J0910+5422 09 10 00.0 4542200 1.110 2.1
RDCS J1252—-2927 1252544 —=292717 1.237 6.6
RX J0848.9+4452 08 48 56.3 +445216 1.261 2.8
1.5 XMMJ2215.9-1738 22 1558.5 -173802.5 1.457 4.3

Kodama et al. (2005) +update
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"MAHALO-Subaru”
MApping HAlpha and Lines of Oxygen with Subaru

‘11/\‘l

/l(vl A STAT

B T2 —% BAVRABHE LS (1.5<2<2.5) DIEMRIBA (EREGEEN I VvEV Y
Pilot obs (5 nights) + Intensive (10 nights @S10B-11A) + Normal (3 nights @S11B)

environ- | target z line A camera NB-filter conti- | status
ment (pm) nuum | (as of Apr 2012)
Low-2 | CL0024+41652 0.395 | Ha  0.916 | Suprime-Cam NB912 2’ Kodama+'04
cluster | CL0939+4713 0.407 | Ha  0.923 | Suprime-Cam NB921 2! Koyama+'11
RXJ1716+6708 0.813 | Ha 1.190 MOIRCS NB1190 J Koyama+'10
[O 1] 0.676 | Suprime-Cam NA671 R observed
High-> | XCSJ2215-1738  1.457 | [O 11 0.916 | Suprime-Cam NB912, NB921 2’ Hayashi+'10,'11
cluster | 4C65.22 1.516 | Ha  1.651 MOIRCS NB1657 H observed
Q0835+580 1.534 | Ha  1.664 MOIRCS NB1657 H observed
CL0332-2742 1.61 | [O ] 0.973 | Suprime-Cam NB973 Y Hayashi+ in prep.
CIGJ0218.3-0510 1.62 | [O 1] 0.977 | Suprime-Cam NB973 y Tadaki+'11b
Proto- | PKS1138-262 2.156 | Ha  2.071 MOIRCS NB2071 K, Koyama+ “12
cluster | 4C23.56 2483 | Ha  2.286 MOIRCS NB2288 K. 1anaka+ 11
USS1558-003 2527 | Ha 2315 MOIRCS NB2315 K, Hayashi+ ‘12
General | GOODS-N 2.19 Ha  2.094 MOIRCS NB2095 K, | Tadaki+'11a
field (62 arcmin?) HpB  1.551 MOIRCS NB1550 H not yet
O] 1.189 MOIRCS NB1190 J observed
SXDF 2.19 Ha  2.094 MOIRCS NB2095 K Tadaki+ in prep.
(110 arcmin?) HB  1.551 MOIRCS NB1550 H | not yet
(O] 1.189 MOIRCS NB1190 J not vet
2.53 Ha 2.313 MOIRCS NB2315 K. Tadaki+ in prep.

IREBFHNTAEAIFR, X [Principal Investigator] ) . #JF R (ELRXXE).
/J\IJ.MEﬁ(EI_L?EK"")JE*%—(iK EIZRXXE). HEE UNTAEAIFT) . it
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T EXHERFED Suprime-Cam & MOIRCSIZERH N -Z<DIEFEH T ILF—
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Suprime—-Cam filters MOIRCS filters
NB912 NB973 NB1660 NB2071 NB2288
NA671 NB921 NB1190 NB1657 NB2095 NB2315
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Wavelength [um] Wavelength [um]
i Camera Filter Ae FWHM _ '
4 narrow-band filters =2 NBI10 T80 0.01sm 7/ narrow-band filters

NB1550 1.550pm  0.018um

NB1657 1.656pm  0.019um

NB2071 2.068um  0.027pum

NB2095 2.095um  0.025pum

NB2288 2.288um  0.023pm

NB2315 2.313um  0.027um FWHMs correspond
Suprime-Cam | NA671  0.6714pm 0.0130pm + -

NB912 09139um 0.0134pm to 1000 3000km/3
NB921  09173um 0.0132um

NB973  09755pum  0.020pm

Y 0.9860pm  0.059um
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Broad-band colours (phot-z) are used to identify which emission line is in the NB filter.
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Keck/OSIRIS(IFU) + AO - 0.11~0.15" resolution (~1kpc@z=2~3)
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Figure 7. Ha spectra of ZC406690 (z = 2.195), for the entire galaxy (top left), as well as for selected clumps marked in the central He—ACS [-band composite
(Figure 2). The dotted gray curves in all panels denote the SINFONI spectral response profile measured from OH sky lines. Before construction of the integrated
spectrum, the galaxy rotation was removed for each pixel. The thin red curves show the broad He (clump A) or broad He + [N 1] (integrated spectrum, clump B)
components obtained from multi-component Gaussian fits. For region D, the thin red curve is the scaled broad He component of clump B, and the velocity scale is

relative to the systemic velocity of nearby clump B.
Genzel et al. (2011)
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Stellar mass—SFR correlation for z = 2 star-forming galaxies in GOODS. Points are taken from the deeper GOODS-S field to K = 22. W
ed galaxies: passive/quiescent galaxies are excluded from this analysis. () SFRs denived from UV, corrected for dust extinction. (b) The Z
explicitly exclude all mid-IR excess galaxies. The large green squares are the result of the average SFR-mass relation in GOODS-N determi
< 20.5 galaxies in 3 mass bins. The blue line is SFR = ZOOM](}Q(M-_;; yr 1), where M), is the stellar mass in units of 10'! M_. The cyan sol
rrelations, taken from Elbaz et al. (2007), that have a similar slope of 0.9. The cyan dashed line is a prediction forz = 2 from the Millenniu
nock light cones of Kitzbichler & White (2007). The magenta star near the top shows the location of typical SMGs in this diagram.

Daddi et al. (2007)
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Figure 1. Comparison of molecular gas masses and total IR bolometric luminosities: BzK galaxies (red filled circles; D10), z ~ 0.5 disk galaxies (red filled triangles;
F. Salmi et al. 2010, in preparation), z = 1-2.3 normal galaxies (Tacconi et al. 2010; brown crosses), SMGs (blue empty squares; Greve et al. 2005; Frayer et al. 2008;
Daddi et al. 2009a, 2009b), QSOs (green triangles: see Riechers et al. 2006), local ULIRGs (black crosses; Solomon et al. 1997), and local spirals (black filled squares,
Leroy et al. 2009; black filled triangles, Wilson et al. 2009). The two nearby starbursts M82 and the nucleus of NGC 253 are also shown (data from Weil} et al. 2001;
Houghton et al. 1997; Kaneda et al. 2009). The solid line (Equation (1), slope of 1.31 in the left panel) is a fit to local spirals and BzK galaxies and the dotted line is
the same relation shifted in normalization by 1.1 dex. The dashed line in the left panel is a possible double power-law fit to spirals and BzK galaxies. For guidance,
two vertical lines indicate SFR = 2 and 200 M, yr~ in the right panel.
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Table 1
Overview Deep Lookback Surveys
Field Area Filtermorph Image Depth® Sample Depthb No5cze15° N15cz225°
(deg?) (AB mag, 50) (AB mag)
COSMOS 1.480 Ig14 27.2 25.0 106080 21430
UDS 0.056 Hi60 26.7 26.7 10443 6796
GOODS-S 0.041 Hi0 27.0 27.0 7008 3973

GOODS-N 0.042 7850 27.6 26.8 8797 3450
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Fundamental Metallicity Relation
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Radio Galaxy MRC 1138-262 = The Spiderweb Galaxy HST = ACS/WFC
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#1058 &R

NASA, ESA, and G. Miley (Leiden Observatory) STScl-PRC06-45

INYTIVFHERE Miley et al. (2006)



AGN/Starburst/Passive separation

Webb et al. (2006)
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SED slope at 1~5um (rest-frame) can discriminate AGN / SB / E.
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BB selection (passive) + NB emitters (active)

Advantages of NB survey:

(1)Good indicators of SFR, especially Ha (low reddening, well calibrated)
(2)*Unbiased” sample (no pre-selection of targets is required).

(3)"Complete” census of star forming galaxies to a certain limit in SFR.
(4)Membership can be confirmed by the presence of emitters in NB +colours.
(5)On top of the phot-z selected members (e.g. “passive” galaxies),

we can pick out “active” galaxies which tend to be missed by phot-z selection.

Phot Z distribution of true members

Z spec-z member % e ]
40 — —

phot z member % P %

T All true N ]
. members™ > || ]

20 |- I I -
- | : | =

Ha emitters
10

CL0024 cluster (z=0.4)
NB912 + Suprime-Cam
Kodama et al. (2004)
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ClG J0218.3-0510 (z=1.62) in SXDF-UDS
[OII] emitters are traced by Suprime-Cam/NB973-filter
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USS1558 proto-cluster (z=2.53)
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Chemical evolution and spectral synthesis of early-type galaxies
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Photometric evolution of cluster galaxies

Evolution of the red-sequence

Evolution of the whole population
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Panoramic /maging and Spectroscopy of

Cluster Evolution with Subaru

Arimoto, et al. (2005)
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ClG J0218.3-0510
(z=1.62) in SXDF-UDS 7|
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@ Cluster outskirts is the key environment
Pi-cES for environmental effects

Sharp color transition in the "medium-density” regions
(i.e. cluster outskirts / groups / filaments )

2.5 T T T T I T Ii T } T T T T T T T T
l.}'- T ] b T ".I.‘;:I-'l.:l l..| . S A T 9 I. T j‘ f. T&J'ol n_ B I
o St A SOl . N T -
, .:l:*- . & v . &l ::. I ...-“ . - . B . . . Y A “ (a)
10/ % Eoag BTt S T e A
;4 o e 2 ey e L
7 S el 2 A0
:'o e .'.: . .;“.-.:'.’. a S i
5~ -.'("’.- » 4 .t.t':’..' .-— 2 - -
t . et Ratise " e
~ ke T - A _
= Q‘n % , :' i R ° s y
g _':';.. ', ., ) R ".‘. .| o > o o & oo.“
- - [ . e . 5 ¥ —~~ (-] /-
50RO et = UL 20% %
~ g . e " - V2N by | ° olC o
8 [ i -.. -...,J : :4’,‘ .:_ > i v 0\’ ) o © <
.~ .. o518 ) Ll 5 [/
= BB L Sy gL B0% TR -
= —5 [me w2 .", wiee . °, Colg, © s
25 o 75% T
L i el Wil . a',‘~ . » CIRE 3 “.Q":~ s l =
B ritg e s B AR S ST 5 I : :
i . -, el CLth
< Bl : s eld 1.6 Cl
G NN 1 Fie I. Group uster |
) S : ..yt ) . 'jri‘/k ..‘ ,'»’,...: " .-— ; o 'I' t X |
b e e e Y il A L4 S R S T B low I'llgl'l
10 5 -5 —-10 | | | |
. | | 1 1 1 1 1 1 1
A RA (arcmin) .

0.5 lll 1.5 2Illl2.5
“Octopus cluster “ (CL0939 cluster at z=0.4) Log £ (galaxy number density)

Kodama, Smail, et al. (2001), see also Tanaka+05 and

WAy nrAaLNO



The End

\ HAWAIIAN ISLANE

/\. i 1
‘i\l/\ 'I/\l

‘l ALOHASTA




SRR T 5 D3 A5y

SR DONIKS =2 L— 3 /(Yahagi+05)

M=6x10"4 M, 20x20Mpc2 (F:EhFERE)

T OREPRIE 2

JERH) (EFEhn) 2

¥ PSR T B0 528 L2 e 7 i
TH I, EZERIID LEN
T7 44—V RTHEEND,
®“RH (FH) °?

SRHME O Tt & S 2545 H
GRS L o AR AT 5,



BRYAT D A= Tig

CSRYTIIREIL D SRR, BAVOE ]I
I TRl XAV, STRE. SR~ &
YL, X REHEBEEEZIE- TwpL

(\(

yius

/Er
]
O

CERIITEEN R D D L BENEE FE AR T
. SR A VDOEZEC, HADFEE
B 72k L., FoRESCERENE
Y o - el




T
YNSRI
iR 7
FHAAEH
TH: ] 0D Ja
{0 A 5 2K




