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Velocity Structure ot a Lensed High-z Galaxy

MS1512-¢B58 @ z = 2.73 (%30 magnification)
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Keck-II, 4hrs, resol.=58km/s, Pettini et al. (2002), ApJ, 569, 742
* Av = 1000 km /s, Mparyon ~ 10" M, Outflow ~ 255 km /s

* (O, Mg, Si, P, S) ~ 0.4 solar, (Mn, Fe, Ni) ~ 0.1 solar




Tully-Fisher Relation at 2 ~ 1 and z ~ 2.3

IE4-1304—1007 1E2—0201-0520 NE4-1263-1248 SW2-D288—0404
168.56 0.74 20,52 0,97 20,28 5 |21.45 0.88
T @l @ [
gL . e . S [ e [t il
—19.1% —R20.1B = —20.08 * —19.78
z = 014 ; : 2z = 041 : : z = 048 : ] z = 048
®
% .
i ; Viem = 180 ; Vi = 195 o
IE % (] T - | é I ¥ Xn d T §
(=] L 1 =
i L ]
E [=1 =N e = —H =
m E -
= | 8 |
g 1 1 1 1 1 g | 1 1 1 L 1 | g 1 1 1 1 1 g
4 0 —4 4 0 —4 4 0 -4 @
areegac arcsed aregac arcsec

2= 1, Vogt et al. (10062007

Radius (arcsec)

-05 0 0.5 1 -05 0 0.5 —-1-050 05 1
300 J_.\ ‘ TroT ‘ TTT1T ‘ TTT \%\: 300 f TTT ‘ TT 1T ‘ TT 1T ‘ T \t 200 :\‘é\S\A\z‘\zH\MI\);\I‘HH‘\ H:
F Q1700-BX691 E F West—BX600 E E a— ]
200 £ z-2.1895 EE 5 200 E,-2.1607 E% 9 100 fz=2.1713 H =
100 £ ;2 4 100 SERIE N EEH E
TR B SR ﬁ ]
_ -t f gt 4 -100F 3 4 1% } E
b '200;_\?‘”\””\””% '200;_&‘5\5””\””\% —R00 B T
E -5 0 5 10 -5 0 5 -10 -5 O 5 10
.4? -0.5 0 0.5 -05 0 0.5 -0.4 0 0.4
Q 200 _‘ T 1T ‘ L ‘ 171 - \\‘\\\\‘\\\ \‘\\\L C ‘ T T T T T T ‘ ]
S o Q1623-BX4477] 100 L Q1700-MD103] 100 Q1623-BX511
L 100 E { 2=2.1481 ] . { 2=2.3148 1 5 E z=2.2421 ]
ST ) MHH 1 o M{
-100 { } = C { ] E ]
—-200 = ? -100 :_ {% o0 E_ ¥
S A AP AP P e I =R SRR TR i _100'\”\”\\”\\\ =
-4-20 2 4 6 -5 0 5 -4 -2 0 2 4

Radius (kpc)

2 < z < 2.6, Erb et al. (2003)




Fundamental Plane of Early-Type Galaxies in
z = 1.27 Cluster

— spectroscopic measure of May, and M /L —
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Mass Assembly History of
(Galaxies and Clusters of Galaxies

Quantifying the “Bottom-Up” of the CDM Universe on:

e Galaxy Scale —
by NIR Luminosity Function as a function of Redshift,
in particular, the number density of massive galaxies

e Cluster Scale —
by Correlation Function / Bias as a function of Redshift,
of the mass selected galaxies.

— T'wo Essential Aspects —

e We should go for NIR (2-10pm) to get unbiased
views of the early Universe by mass-selected galax-

ies unlike the UV-selected LBG/LAE’s (SF /dust).

e We should survey large volume at least 2-3 deg?.
preferably 10 deg? to average over LSS and /ot to
have good statistics on rare objects (eg., massive
galaxies).




Evolution of Galaxies Stellar Mass Function

in the Hierarchical Galaxy Formaiton Model

log(dn/dlogM h3Mpc—23)

- data:

O Cole etal. 2001

Durham semi-analytic model,

11
log(Mstars/h_zMQ)

Baugh et al. (2002)
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stellar mass M (M)

e [ BGs at 2=2—3 «—— L of mass at z ~ 0

e Mass assembly largely completed by 2=1-1.5

Stellar Masses of HDF-N Galaxies
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(Field — Pozzetti et al. 2003; Clusters — Kodama & Bower 2003)
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UV-selected High-z Galaxies
(Lya Emitters / LBG's)

h., Mpc
0 20 40

40

arcmin

0 10 20
arcmin

Subaru/Suprime-Cam, Shimasaku et al. (2003)




NIR-selected High-z Galaxies

Jo— K, >23 <= 22?2
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Franx et al. (2003), astro-ph/0303163
van Dokkum et al. (2003), astro-ph/0303166

* NNIR (104 deg_g) ~ % nipe to ;=225

Y Too faint to be LBG's




logé(r)

Correlation Functions

‘(Galaxy Formation Bias’

galaxies

III|IIII|IIII|III}'/III|IIII|IIII|I

bright galaxies

|
(c)

dark matter

dark matter

II|IIII|I[|II|'JIII|I|||IIII|IIII’II,II|III|IIII|IIII|[|'.'II|I

Il'|IIII|IIII|IIII|IIllz'

Baugh et al. (1998)
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L 10% erg/s  10-40u
1K pc3 n=1cm3
F 102 erg/slcm* @z=10

103



& First Star

L 10%° erg/s  10-40p
108 M,

100
F 10 erg/slcm? @z=10

1M sun
stellar core

1/10 x 100 =10

Ly alpha



Peak luminosity

B.895e+13

B.96e+13 6.97e+13
time(s)
collapse,(1.1)
collapse,(0,B)
collapse,(0,5)

accretion,(1,1)

accretion,(D,6)
accretion, (0.5}

6.98e+1 6.9%+13

--=(0,1),center+envelope

--=(0,4),center+envelope sssreess
--=(0,3),center+envelope s
--=(0,1),center+envelope

--=(0,4),center+envelope sssreess
--={0.3) centar+envelope wemmm




10
100Mg,, 1 SN Sal pet
L 10 Mg erg/s (Ciardi & Ferrara2001)

F 10 eg/s/cm? @z=10

TOP Heavy IMF HyperNova
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Ly-a
L 102 eg/s 1-2u

PS 10° z=10
M pc3(Comoving)
10 10%? erg/s
Ha Oh 1999
Starburst HI|

L 10" Mgerg/s «—— 10 photons
F  600nJy Mgy (R/1000) @ 74 z=10
NGST f.ov(4 x 4') 3hr z=10 100

uv Oh 1999
Starburst uv 1500-2800
Lv 10 erg/s/Hz (SFR/( Wie)

Fv 16Mgynly@2u z=10

0.1






H cooling

1019M .
SFR M, /YT

Ly alpha
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z=20

Pop Il galaxies @ z ~13
107-101 M,

—_— HinEu Ban =L CISe=0000E D

JIFF Bim =R b ap=Diilen 1 E=E

L=1x 107 (c,,,/0.002) (M/105M ) L .. _
L =1x10% (CHl*/O'OOZ) (M/2X1O7M sun) I—sun I_ .E‘Z.". T.'.'Z!:’.’.f_.: ik Spdos Low Reasout L | Lo

e i i e B b, Subaru

- ELT20mAO

1]

Cen et al. (2003)

S=1.45 (L/10° L) [n Jy]

ELT20m AO

1-5 g m 1-10 ndy

Flux Denmity [wlv]

Pop 11l Hyper Novae @ z~13

.  Adaw( 1+ 2) I
LHN 1.3 = 1 i 116l
D d7 = 1.2 = 107 arcmin

== 2.3 arcmin <, (2]

L(HN) ~ 101 _
S~0.014nly @ z=13.2



Z=6.6 — 20

Iwata et a. 2003
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SXDS z=4 LBG (SXDS Team) 20"
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e.g.,

rotation curve)

- T-F Fundamental Plane

- \e) Disk-dominated galaxies
T
> RO EERD
» AAHOEEERR
= NN EEEREER
15”
biua ol

rest LY
Kajisawa and Yamada 2001

7=1-2 (HDF-N, Mv<-20)

c.f.,, Voigtetal. Z~1
Erbetal. Z~2

Erb et al. 2003
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