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Studies on galaxy formation
using high-z QSO absorption
line systems
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National Astronomical Observatories of China
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Outline

1) Galaxy formation overview
2) Current status on QAL system studies
2) Subaru deep imaging of high-z QSO fields
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Galaxy formation: puzzles

() Massive galaxy formation: when and how?

(I) High-z galaxies are compact? no big
disks at high-z?

(111) Late type galaxy evolution, “closed” box?

Galaxy formation studies: methods

nle selection by luminosity, mass, morphology
- etal. (galaxy surveys, flux-limited sample)
1) sample selection by cross section (QAL )

P | T e T "

N TG I ) T—— L-.-.-.- ot l--.-—.-- — W A



' 5 iy — - “ = - T = =T = " 1
- k

- — o b b

1 —— . 'p - Tl | PSSR | - M — = . — P a —— a4k -
¥ T Foe v g am ¥ & ™ 5 a 1 e = 5 .= =
- __-L_..—-L_JE_JL_d _r_L_.d-L._—_.ill__ ___.-L__...L____d-__-L__Jl.__...-l__._..ll._-_.lr.__. e e

Massive galaxy formation:

------when and how?

N

ULIRGs: Lir~10712 Lsun, SFR~200Msun/yr Daddi et al. ApJ 5"'

stellar mass~10711 Msun
Abundance of ULIRCs 10-2
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" Sanders et al 2003 i FIG. 15.— The space density of ULIRGs (excluding individually de-
tected AGNs) at z = 2 and =z = 1 inferred from GOODS (red filled circles)
is compared to the local density from Sanders et al. (2003 filled green circle)
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: of 120 AL, j.rl'_l corresponds to a ULIEG in the case of a Kroupa (2001) or
Redshift Chabrier (2002) IMF.
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SINFONI Integral field spectroscopy of Z~2 star formlng galaxies,
Forster Schreiber et al. 2009, ApJ 706, 1364
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Size evolution of disks
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2008 and that of Mo et al. 1998.
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The formation of disk galaxies in a ACDM universe
Oscar Agertz (University of Ziirich)
Romain Teyssier and Ben Moore

Dekel etal. Nature 457, 451, Agertz et al. MNRAS 397,164,
2009 2009
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Gas containing neutral Hydrogen, heavy

§ elements (C, Si, Mg et al.)
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LL Systems are a class of QAL system. They are defined to
be optically thick at the Lyman Limit, which generally implies
N(HI)> 10"17 cm”-2. They all show metals.

I
ittt M Y | ea—_— 1 | WA | — —y % - ra— M—— R || S PNy P
ety s i g




2. Main QSO absorption line systems

1) Lyman alpha
forest (N_HI <
~1.6 x 10"17
cm”2):

2) Lyman Limit
system (1.6 x
10717 ~ <
N HI <~
10720 cm”2)

3) Damped Lyman
alpha system
(N_HI >~
10720 cm”2)

4) Metal absorption

lines (e.g. C, Si,

Mg..)
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Redzhift

Number of absorbers per unit redshift, N{z), as a function of redshift, for damped

Lvea syvstems (filled square), Mg II absorbers (cross), C IV absorbers (filled circles) and Lyman
limits (open circles). Dat: a from Storrie-Lombardi & Wolfe (2001), Stengler-Larrea et al. (1995),

and the compilation of York et al. (1991).

Courtesy: Dr. S. G. Djorgovski’s lecture Ay21
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Why high-z LLS sample ? ',;A
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1. Massive disk galé;
Collapse? Merger? Cold stream?

2. Good place to study gas cycling
during intensive galaxy formation
epoch (z"3)

3. Feasible with current high
spatial resolution large
facilities
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Signatures of cool gas
fueling a star-forming galaxy

| SE088E80: | | J0006000080000855 |
T —' P at z~2.3 (Bouche et al.
Bouche et al. ,__NRAS 419, 2, 2012 science 2013)
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G1, B-dropout, a
possible galaxy
resposible for a
previous known
LLS (z~3.88) seen
in the QSO
spectrum.

1) 3”.5 NW of the
QSO sightline;

2) impact parameter
of ~ 24kpc, if at
z~3.88

A combined R-band image of a region of 30x30 arcsec”2 centered on
the QSO, which has an image quality of FWHM ~0”.7. Galaxy “G1”
Is indicated by a circle in the image.
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BVRIJHKSs deep imaging using Subaru and HST
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properties anc
J-Ks=2.07 £0.28; H-Ks=1.21+0.13; Ks=20.010.08; Ms~8.9x

| GOODS-3 (balnk lield)

2 [scaled to 25 arcmin?]
= C}_: =4 iy
5| @rJHK @ b-JHE

galaxies, Kodama et al.
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< Broad-band photometry in
g the BVRIJHKs. The best
ER N A 7}* {1 fitevolutionary synthesis
= — ] model indicates a young

= £ 4. 1  starburstof age ~2Myr at
8 3 "1 z~3.5with extinction of

E 3 1 Av~2. The stellar mass
M*~9X10710 M_sun.

0. 5000. 10000. 15000, 20000. 25000,
Lamda (um)

HST WFPC2 + F814W:
Sersic index n=0.7(0.2)

Re=0".57(0.23),
Chi~2/nu=1.58

Fig. 4. 2-D image decomposition on the HST WFPC24-FS8/4W data
of the QS0 field (~ 10" x 107), centered on QSO 15084-5714. From
left to nght, they are the original image, the final model of the objects,
and the residuals from GALFIT. North is 20777 left of upper and east
is left of 1L
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Size evolution of disks --models
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sample at z~3 !
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Wang et al. 2013
In preparation

indicated in the image.
2) impact parameter of ~19.6 kpc, if at z~2.53.

3) apparent K-magnitude m=21.91+/-0.26, as well as a
red color J-K~1.6
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