" A
Evolution of Damped Lyman a Systems
from Hierarchical Structure Formation Models

Katsuya Okoshi (The University of Electro-communications)

Okoshi, Nagashima, Gouda and Yoshioka 2004 ApJ, 603,12
Okoshi and Nagashima 2005 ApJ, 623,99
Okoshi,Nagashima and Gouda 2006 submitted to ApJ

Galaxy Formation based on
Hierarchical Structure Formation

$

Merging Histories of Da@

Formation of QSO Absorption Systems




T T | T
HE 1122—1649
2 =24 a
1 1 1 1
2000 2500 3000
| | I ] kl I | | I || ] I | I I |
6 . . —
QSO Ly @ emission
4= —
3 | Fell Mgl _
2586 2796
2k . I 2600 2603 _
|
1H | -
o | 1 I 1 i | i | I 1 | I I
4000 4500 5000 A

(D LA|‘ .
A ‘ .‘ ‘ . “H.‘.Jono

Ly o forest ‘ 0 ‘

Observer
0



QSO0 Absorption Systems
Types redshift |Log N(HI) | Origin
Lya cloud [0-4.5 13-17 Intergalactic cloud or/and
galactic gas
LLS 1-4.0 17-20 ??7
DLA 0-4.5 |20-22 galactic disk gas (?)
Clv 1-35 | --—---- halo hot gas (10° K)
Mg Il 0-2.2 |--—--—--- halo warm gas (103 K)
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1. Introduction
HEDLA SystemIZEBT 500 ?
1. High HI column density system N, > 10203 cm2
- Optically Thick (!) Systems N, > 1017 cm-
‘ Star Formation Process D##84

(cf. Surface density in the disk of the Milky Way;
N,s=55 =10 Mypc2=10218 cm2)

gas

2. More abundant systems at high redshift

‘ EHDRTALANED0YF L (Typical L*-galaxy ?D10£ZLIL)
3. Precise measurements of metal abundance in GAS (not

ST'A‘Fi)\}lild metallicity evolution (0 <z< 4.5)
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Redshift Distribution

2.0 2.5 3.0 3.5 4.0 4.5 5.0
Prochaska et al. 2004
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Mild metallicity evolution (0 <z< 4.5)
(e.g., Prochaska et al.2003)

4. Dust-poor system (cf typical galaxy)
Small amount of dust (e.g. E(B-V)<0.01: Murphy & Liske 2004)
No evidence for a statistically significant dust bias in

Mgll-selected DLA surveys at 0.5 < z(abs) <3.5
(Ellison et al. 2001, 2004)

>> ‘Unbiased’ Tracer . Metallicity Evolution of Pre-galactic System

>> Stringent Constraints on Galaxy Formation
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5. H AR DIFEE

DLA contains a significant fraction of the HI gas in the universe!

$PH)~10% at0<z<4

5°N
0 N dN
DLA & / HI aNHISZ HI

aN _
&€ N HI (B=1.4-1.6; Rao et al. 2005; Prochaska et al. 2004)
dNy1

QDLA o fNHINﬁlﬁdNHI O /NI}I?BOZNHI
X [NI?H_JS]NHI(maJ:) ~ NHI(m{I.T)Q_’S

) Hl SXDIFEAED, DLAICFHEL TS !
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[ Metal abundance }

[ N(HI) distribution } l [ - }
[ QSO Absorption System} ,

QSO&@*E@ ’ ‘ Gas abundance }
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Semi-Analytic Approach to Structure Formation

@Function, Cold-gas Mass, CMR, ...

4

Galaxy Formation

Key Process?

QSO Absorption Systems Formation
( DLA, Lyman-a clouds, metal systems,..)

Metal, HI gas, galaxy correlatiD
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2. Model

Dark Halos® Merging Process

Probability Function f( M,z | M",z")dM:
Halo (mass M’ redshift z') has a progenitor (M,z)

>> Press-Schechter Mass Function n(M,z | M’,z’)

o © )
s> % O
® o9 “

Density perturbations

ot AR, 7




N W
X 1= BEZO \_C

(A)Life time
Life time of halo is equal to cooing time of gas

2 pgas r-cool KT 2
Ui = 7T r == L(r)ecn (r)cr
life cool ( cool ) 3 H-mp ner A(T) (pg (r)ocng(r)« )

e " cool

(B) Star Formation Process

I\./l*: I\/Icold
T

*

T, :’CS VC (1+ Z)OLZ
300km /s

o, =—1.5(cct
0 . constant efficiency model

10 = 2-5Gyr(M/L, - V. relation)
- |7.,0,,0,

dyn) :accelerated efficiency model
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(C) Supernovae Feedback
Energy input by SN explosions

erehaeat _SﬁnSNESN M*( B'V]*j
dt 5 \?

VC ~Qhot
povi) = o= |

. input efficiency
: fraction of stars M>8M,

Msn

E. : energy release per a SN (=10erg)

Qpot « Olpgy = 2

(D) Population Synthesis
Total Luminosity

L*zjl\'/l*z dt

cold

Stellar population synthesis model
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(F) Chemical Evolution
Basic Equation for 2 phase model (Cold and Hot gas components)

dg’t'c — ~ M.+ F(t)1—F)+g(t)—B M.
dM* _ I\/IC
dt T,
dxh —BM.—g(t)+ F(O)Ff + A(t)
dr M?

t :4 r r2 cool ;_C
g( ) nph( cool) cool dt T
dM Z y y
#:(1—f)(Fz(t)+Rz(t))—Zc M.+Z,9(t)-Z B M.
dM. Z v
#:f(FZ(tHRZ(t)HZCB M.—Z,9(t) + Z,A(t)

B: SN feedback g: cooling gas inflow

F: gas inflow from stars Fz: metal mass produced by new stars
Rz: metal mass inflow A: gas mass accreted from diffuse matter(=0)

Here we apply ‘Instantaneous Recyclic Approximation’.
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gR;AI M Merging Processes

Dark halos@®merging process

\{

/" Hot gas [ZFHLLTEF-—DDhaloDHFTHET 3,

mbmassiveliRia[Z central galaxy'&L. £ LS
DERA % satellites’ EFESR,
\_=DEE DR AESLA merged %,

~

J

\

Criteria for merging processes of galaxies

Satellite-Central merger : t (elapse) >t (dynamical friction)

Satellite-Satellite merger: t >t (random collision)
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Type of merging processes (satellites v central galaxy)

Two types: Major and Minor merge

4 Major merge A

m m . >f

small

> Star burst, Bulge formation (all stars reside in central bulge)

bulge

~

Minor merge

m /m <f

small large bulge

\_ > Disk formation ( stars in satellites >> disk components) )
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Reference Models

standard models in galaxy formation model
(Q,,Q ,,h,0 )
LCDM ( 0.3, 0.7,0.7, 1)

(V. (km /s), 0, T.,0,)

LC (280, 2.5, 1.5, -2 ) (Reference Model)
LD (280, 2.5, 4, -2)



Astrophysical parameters are given by as follows:

1. Galaxy luminosity function (B- and K- bands)

[ a‘hot’vhot }

(<< SN feedback process)

2. Cold-gas mass fraction

el

) 5~ local galaxyl=E Y BMABTRDS
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DLA®D[EE

1. HI Central column density

N(0) = MHI(T; )
TTTd
2. Inclination of gaseous disks
Nar(V R(DLA
NHI;.C — HI( ) (,u = cosf inclinaﬁmz) ( )
T
3.Disk size

Exponential profile Nii 1

Nix{r) = Necexp(—7/74) N >
HI

R(DLA) = r(N,,=10%%3 cm) 10203

4. Average of HI column density .
0 R(DLA) T

R(DLA)
< Ny >= j Ne(r)d(xr®)/ wn R{DLA)?
D



"
§ 3. RESULTS

[A] GLOBAL PROPERTIES OF DLA SYSTEMS

] Metallicity of cold gas in DLA systems

solid line: Our best model

dotted line: stellar metallicity

1 dashed line: a model with T *ecdynamical
1 timescale of disks (LD model)

| observational data: Prochaska and Wolfe
1 2000, Savaglio 2001

Log (2/Z,)

*The metallicity shows mild evolution.
1 +The star formation timescale should be
1 nearly constant
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Log(M/M,)

11

10

_ ___Zcold(all) ____M(cold gas)]

M(star)

............ M(Zcold)

7

-I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 i I 1 1 1 1
1

-0.5

-1.5

Average mass evolution of each phase:
cold gas (dashed line), stars(soild line),
metals(dotted line)

Metallicity weighted by mass
cold gas in DLAs (long-dashed line)
cold gas in all galaxies (dot-dahed line)

The average HIl mass M(HI) is ~10°Mg
Chemical enrichment in DLAS is similar to that
in all galaxies



EDLA®Mhost galaxyld&E D X HLEFHEE DD H?
BCompact object:

galactic disk, minihalo, ...?
mDiffuse gas:

fillament, clump, ...?

[

= Low redshifts (0<z<1)D#k & 75 &R A4
B

= typical galaxies& B LEM S, DLAMhost
galaxyziE5.
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[BiLow-redshift DLA systems

We focus on DLA systems at redshift 0<z<1l = What are DLA galaxies ?
-Luminosity, HI column density, size etc. < photometric counterparts
(e.g. Rao et al.2003, Rao 2005 Proceedings of IAU conference N0.199)

T T T

14 DLA galaxies

L/L
1

-
1

215 " + 5 -
E L] " L] .. L ]
e 2 ., T s @
WEE  ap 2 Ty 5 ] Mw Luminous galaxies with
e e Small Impact parameters
sl 20 [ a2 L] e b L] £ L] e B OR
0F e T e ™ T & o o Massive Spiral Galaxies !?
ol ¢ ° g 1 st P -
8 - T T 1 1 T L 1| & I L T "-'[ T T T ]
6 -+ =4 -+ -
= 4l 1 1 1 i
2 L = -+ -+ -
o L1 1,1 [T |_| ! ! ! 0 O O
0 0.5 1 0 1 2 2056 21 215 0 10 20 30

Redshift L/L’ log Ny b
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TABLE 4

Low-REDSHIFT DLA GALAXY PROPERTIES

Nt/ 1070 b
QSO IDLA (atoms cm?) Luminosity? (kpc) Morphology Reference
This Work
B2 08274243, .ciieiiiiieinennnnnns 0.525 2.0 08L%, 1.6L%, 1.2L% 34 Disturbed spiral |
PKS 09524179, 0.239 21 0.02L%P <4.5 Dwarf LSB |
PKS 1127145, 0.313 51 0.12L%,0.16L%, 0.04L%:¢ <6.5 Patchy/irr/LSB |
PKS 16294+120......ccccciviiiieeannnns 0.532 5.0 0.6L5, 1.1L5, 0.6L; 17 Spiral |
Other Work
AOO0235+164 ..., 0.524 45¢ 0.8L7 6.0 Late-type spiral® 2.3
EX0302-223 ., 1.010 2.3 0.2L5 9.2 Semicompact 3!
PKS 0454+039......cccoivierieeanns 0.859 4.7 0.4L5 6.4 Compact 4
Q07384313 (O1363)...cuvevevenes 0.091 15 0.08L% <3.6 LSB 5
0.221 7.9 0.1L5% 20 Dwarf spiral 5
Q08094483 (3C 196)....ucevvveeiennnn 0.437 6.3 1.7L5 9.6 Giant Sbe 4
QI2094107 ocviiciiiieiiieiee e 0.633 2.0 1.6L5 11.2 Spiral 4
PKS1229-021...ccccciiierieeeines 0.395 5.6 0.1L3 7.6 LSB 4,6
Q13284307 (3C 286)...cvvevvvveeannn. 0.692 15 0.4Lj 6.5 LSB 4,6
Q16224239 (3C 330).ccveveeeeennns 0.656 2.3 <0.05L% e LSB? compact? 7

NoTe.—Only galaxies with cosmological redshifts are included. Thus, the DLA galaxy at z = 0.010, SBS 15434593, is excluded, since
it does not fall well beyond the local velocity field. which is defined at 3000 km s~! by the outer boundary of the Virgo cluster (Binggeli,
Popescu, & Tammann 1993). We note that it is an LSB galaxy, with Lg = 0.02L} and b = 0.8 kpc (Bowen, Tripp, & Jenkins 2001; R. E.
Schulte-Ladbeck et al. 2003, in preparation).

1a My —I 20.9 (Marinoni et al. 1999), M} = —21.2 (Lin et al. 1996), and M} = —24.5 (Loveday 2000), for ¢, = 0.5 and Hy = 65 km
s™ Mpc'.

b Sum of luminosities of objects 1 and 2 (see § 3.2.2 and Fig. 3).

¢ Sum of luminosities of objects 1, 3, and 4 (see § 3.3.1 and Fig. 4).

d Column density from Turnshek et al. 2003.

¢ The object defined as Al in Yanny, York, & Gallagher 1989 and Burbidge et al. 1996 has the smallest impact parameter and, there-
fore, we have assumed that it is the DLA galaxy. A K-correction of 1 mag, which is appropriate for a late-type spiral galaxy at z = 0.524

Fh & T o W W RV . . | 1 4 k'l Y o T Y s R | 4 ™SS 7
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Next, we take into account a selection effect of DLA galaxies
(1) Surface brightness dimming effect: fail to identify DLA galaxies fainter
than observational brightness limits (>25 mag arcsec”-1)

:-l 1 glfla;l T | LI Ilj_;
508 F n = _
206 m - Observational Trend:
a 0.4 F 3 . - . .
£ 02 ET pay o B Luminous g?_llames with large impact parameters ?
5 O f mIThr
;l _EE I.{e}l .I I
= s
- C T e
= | == 4
: = B Sl
B B{} ;_rh”!!H!H!!!H__H!__E;”HH IH [] *“-';j T T | T T =
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Bl I s 0 3
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g BT I I I = o IR B T i
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§ -2
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R E -
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Direct Search for optical counterparts of DLAS

B - R s

[

= I | B = 5w
1 = L
- e
_ m . v F |
= -

- @ )

) 5 | T 3 = Tk -r
E

J o ¥ K 1
a’ "

" 4 6 i
{J | :‘\J »

10 5"

Fia. 3. —Smoothed B, B J, and K images of the PEKS095244 19 ficld that containg a DLA syatem at 2 = 0239 The PSF of the quasar las been subtracted
i the 8, B, and Jimages, but not in the K image, a3 thene was no switable PSF star in the field. The esiduals in 8, 8, and Fand the quasar in £ have oo
mamked . Ohjeets are labeled only on the S image, for clarity. AN 10 of these ae detected in K. Featwres in the Band R images that lie at the edges of the mask
ame artifacts of the PSF subtraction proces; only oljects labeled 3, 4, 5, 8, 9, and 10are detected in B, while those laksled 3, 4, 5,7, 8,9, and 10 are d etected in

RoObjects 1 and 2are the bsest cand idates for the DLA galaxy. Object 7 isan ER O, with B~ K = 6.5 8ee § 3.2 for mome details.

(Rao et al. 2003, ApJ, 595, 94)
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Next, we add a new selection effect of DLA galaxies

(2) Masking effect: fail to identify DLA galaxies hidden or contaminated
by a point spread function of background QSOs

- 1 EI' T TT | T TT j_:
S oaE@ / \
— . — - o
B 0.6 E » = -We find that our results show better agreement
g 0.4 E -_f with the observations
E '13 E}%gl% b (e.g. the luminosities and the sizes) .
?l—'l 22 Zﬂl | T I|__|I_T__:|||||{|e|}|||||||||||| : : : :
Boys E F w7 o A missing rate of DLA galaxies by the masking
% . = Wk effect attains at 60-80%
= Py S "Eiﬁ;z il in the sample when a angular size limit is as
g VT E =il
T 20 Sduhubed iR .|\.ima” as 1 arcsec.
o 3 M 0 =
E ARJLEnS = L e e e B
. E - Missing !
| aell = 5 b
N e R -i§-|.... N E 0.6 [~ T |
ENS) £ 7
E; E 041 _
T £
-5 |||||||||||||||||||||1E:| IR RE IR NERN 11 ||||||;;—|| ta v vl :
1 121416 1.8 17 Q g 1 1.5 206 #1 216 22 10 et 0r =
1+z L/L* LogN{HI) [em 7] b [kpe] L ! ]

f[arcsec]



Radio Surveys
Another way to explore DLAs APART FROM THE SELECTION EFFECTS

® Arecibo Dual-Beam Survey (ADBS) [US]
Blind search for HI 21 cm emission covering ~430 deg? of sky
The radio samples are 250-300 HI-selected galaxies
(a)Detections of optical counterparts (Rosenberg et al.2005)
=) the 2MASS J-,H-,K-band observations = L(J)-M(H]1) relation??
(b) High N(HI) samples (Rosenberg & Schneider 2003)
&= Implication for DLA systems = o-M(HI) relation
®HI Parkes All Sky Survey (HIPASS) [Australia]
Blind search the whole southern sky for HI 21cm emission
(a) Extragalactic radio objects (Zwaan et al. 2003, 2005)
~4300 extragalactic HI objects
(about 80% optical counterparts are confirmed: Doyle et al.2005)
= HI Mass Function, @ (HI), Dark galaxies..
(b) Halo clouds (HVC) (Putman et al. 2003)
= Missing satellites of the Local Group
= CIV, Mgll system



http://www.parkes.atnf.csiro.au/images/media_images/sheep_field.jpg

"

Blind HI surveys

HI1 Parkes All Sky Survey
(Meyer et al. 2004) 4315

l recibo Dual-Beam Survey
(Rosenberg & Schneider 2000-2005)

Sllce Survey (Spitzak & Schneider 1998)

Arecibo HI Sky Survey (Solar et al.1994)



Disk Size vs HI mass

Log o[kpc?]

4

Arecibo Dual Surveys
Rosenberg & Schneider 2003

a—M(HI} relation

Log M(HI)[Mg]




We find a tight correlation between the HI masses and the cross sections:

Log o[kpe?]

. =@
I)>=|III‘I|<I>III|IIII|IIII

P?

8 9
logM(HI) [M,]

10

11

o ocM(HI)P; p=0.97 = 0.01

HI gas M#LAHY, HI mass

Luminosty
(Star Formation) ?
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DLA systems & galaxies EDEWNIHHDH ?

 FEREGEI
z,. = 3.1501

¥ N-16-1D

Luminosit :
Y HI gas density

/Optical Survey% MSUWWS N

2MASS, SDSS, 2dFGRS,.. HIPASS, ADBS,...
= Emission lines(Ha ,Ly o) = Emission lines(21cm)
= Stellar Mass = HI Mass

inosi ' HI Mass Function
(__ (Luminosity Function) _ ( oy




Luminosity vs M(HI) relation

T |
Arecibo Dual Burvey .
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Our result agrees with the L(J)-M(HI) relation

12 T I T T T T I T T T T I T T T T I T T

" DLa gyetems (dashed) v
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All galaxies

Log M(HI} [M,]



No significant difference between DLAs and All galaxies!
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HI Mass Function (HIMF)

Log 0| Mpc3]

®
o

HI Mass Function

L shaded region: observational results Ei*{-'--'--'g

Spingob, Haynes & Giovanelli 2004 2
Zwaan et al. 2003

.

8 9 10
Log M(HI)|M,]

11



Log 6[Mpc-?]

— all galaxies :
---- DLA systems \
shaded region: observational resulis 5

® Spingob, Haynea & Giovanelll 2005}__3
O Zwaezn et al. 2006
e L A T A A R A,

8 9 10
Log M(HI)[M,]

Our results are consistent with
the observations at M>108M

DLA systems
= HI-Selected galaxies
at M>108M



Prediction: SFR -M(HI) relation

Log M{HI) [M,] Log M{HI) [M,]

The SFR Is correlated more tightly with the HI mass
SFR o« M(HI)? a@=1.22#£0.05



"
Recent Observational Results

m  Optical Surveys for HIl-selected Galaxies
SINGG (Survey for lonization in Neutral-Gas Galaxies)
H-alpha emission lines from HIPASS galaxies
(e.g. Meurer et al. 2006 ApJS, 165, 307)

93 HIPASS targets = Star Formation
Rates



http://www.journals.uchicago.edu/ApJ/journal/issues/ApJS/v165n1/63368/63368.fg6.html

"
HIPSS Catalogue: Optical Counterparts of HI Selected Galaxies
(Doyle et al. 2005)

Log imagamed Fue v Bl Apparam kiagninde
z5

1 1 1 1 1 1 1

a  ValMmch " * L

&, Good Gusss e tj
3 -

*  ValMubi Manch . - *:5.. *'Ir -

15

LegiSin

asf

19 i7 1& 1% 14 13 12 1 10

Figure 7. Log gintegrated Hi radio flux) versus B, apparent magnibeles
for the optically matchal HICAT sources. Maich categories are lisbad in
the insert. This shows there is a clear trend that, the brighter the optical
magniiuck, the larger the Hi radio Aox.
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Good Agreement with the SFR-M(HI) Relation

m More samples of low-M(HI) systems !
Hl-selected galaxies provide good clues for determining the

SFRs B _
_2-IIIIIIIIIIIIIIIIIII

— L (@)

g I

3 of

= _

o I

m_z—

m -

L&)

L -
_4IIIIIIIIIIIIII

7 8 9 10 T 8 8 10 7 8 8 10
Log M(HI) [M,] Log M(HI) [M,] Log M(HI} [M,]

Our model suggests that the average SFRs 0.01 Mg /yr.



™) dliBIBGBEHies of DLA systems at redshift =0

Another way to explore DLA systems apart from selection effects.
Detection of DLA galaxies by Blind 21cm surveys (e.g. Rosenberg & Schneider 2003)
= about 50 Hl-rich galaxies with HI column densities comparable to those in DLA systems

We find that
(1) A tight correlation between the HI masses and the cross sections: Log o ecLog M(HI)
(2) HI-rich galaxies with 10"9Mg mainly contribute to the population of DLA systems at z=0
= Our result is entirely consistent with the observational properties of Hl-selected galaxies in the radio

survey. AT T T T T T T T T4
| 1
k 1 [D] Star formation rates (SFRs)
T B a clue to exploring what types of galaxies
& - consist of DLAs
© 1 = Our model suggests that the average SFRs
§0 0 | are as low as 0.01 Mg /yr.

| | | | | | | | | | | ) 0.3 _l T TT | T TT | T TT T TT | 0.6 _ll TTT | TTTT | TTTT | TTTT 1]
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Conclusions

®\\Ve investigate evolution of Damped Lyman « systems taking into account
merging processes of dark halos from hierarchical galaxy formation models

Our results are simultaneously consistent with the observational properties:

-

N

~

DLA systems: Metallicity evolution, N(HI)-distribution

Optically selected-galaxies:
Luminosity functions, Hl-gas mass fraction

Radio selected-galaxies:
HI-disk size, Luminosities(J-band), HIMF, Q (HI) -

LSB dwarf galaxies primarily contribute to the population of DLA systems
at z<1: size ~3kpc, Shb ~22 to 27 mag arcsec*,SFR ~10? Mgyr™

DLA corresponds to Hi-selected galaxies at M(HI)>108Mg in blind
Radio Surveys (ADBS, HIPASS)
(NB: sub-DLA corresponds to HIPASS galaxies at M(HI)~10"Mg) (Okoshi et al.2007)
= Our prediction: more tight relation: SFR-M(HI) relation
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High redshisft (z>2) vs Low redshift (z<2)
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"
Difficulties for realizing high-z DLA disks

How one can form rotaionally supported disks ~ 20 h-tkpc at z>2 ?

Tidal torques provide 5-10 % of the angular momentum for
rotational support

The radius of gas sphere at turn-around is ~200 h-tkpc

Spherical top-hat flactuation = collapse timescale

2GM\ 2 M N2 o VP
teott ~ Qbggn ~ ~ 3G _ =
S ”( R ) s (IDiEM@) (QOkac)

Need for some information about
Spatial distribution : tidal tail, caustics or panckaes




" A
Theoretical Models [#E 24T B9 & &Numerical Simulations]

* Nagamine, Springel, Hernquist (SPH)
DLAs = Compact objects M, ,=1012M

Too high metallicity = Strong Wind Model (Low resolution?)

* Bouche, Gardner, Katz, Hernquist, Weinberg
DLAs = (massive) galaxies with large disks

Halo mass M~10%° My L FdD/\A—I[ZxtLT. cross-section vs
circular velocityMBEdf& (g ocVe™ B ) EMNBELTER

Too large cross-sections (Low resolution?)

« Maller, Somerville, Primack (SAM)
DLAs = galaxies with Mestel-type disks N(HI)ec R

a , [ZEEESN TV, metallicity evolution(FBIRTET,
dN/dN(HDA>Large cross-sectiont, 5B =9,



"

Results of Numerical Simulations

(), % 107

Q—Series

1 I I I
03 (no wind)
P53 (weak wind)
f;}fl (strong wind)
Qﬁ (strong wind)
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SPH: Nagamine et al. 2004
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e DLAs correspond to Hl-selected galaxies at M(HI)>108M, in blind
Radio Surveys (ADBS, HIPASS)
= Our prediction: more tight relation: SFR-M(HI) relation

e DLAs are LSB dwarf galaxies (~3kpc) at z<1

Our results are entirely consistent with the observational results
of the counterparts:

(a) DLAs [HST]: Lanzetta et al.2002
Rao et al. 2003, Hopkins et al.2005
(b) HI selected galaxies [BRS]: Rosenberg et al. 2005

» COMPACT OBJECTS

It > High redshift z Cl& ?




Detection of Lyman alpha emission from DLA-host galaxies
Moller, Fynbo & Fall 2004, A&A 422,L.33

3400 3500 3600 3700 3800 3200

FORS1/G600B spectrum of the z=2.0395 Damped Ly line. The 1 noise
spectrum (per 5 A resolution element) is shown as a dashed line (blue). The
emission line is detected at 9.3 sigma .



2D spectra of a DLA at 2=2.0395




DLA galaxies at high redshift detected in emission

Table 2. Lya emission and metalheity data for five 7 = 1.9 DLA galaxies. By, 18 the impact parameter, log (V) 15 the HI column density,
and Ar is the difference between DLA redshift and QSO redshift given in km s~ The “Type™ classifications in the last column are defined as
“zo= T Al = 3000 km s~ Ysub-DLAT: log (N < 2003 “DLA™: classic intervening non-sub DLAs,

1D NICMOS  Inopa by Emssion g (V) [M/H] M [MH]  zge0 An Type
[ " refs. cim refs. km s~ !
DLAgOS28-25  wo7ac 28110 1142y 1,3, 5,10, 11 2135 075,076 S.An 1415 2797 100 o=
sDLA2233+ 13 masan 31493 250102y 2,4, 10, 11,12 20,00 =—1.04 T | & 3208 10300 sub-DLA
DLAgO]5]+04 - (9342 093 /. 789 200,36 1.922 1200 zm=ze
DLEAg2206-19  wogac 19205 0892y 10, 11 2065 030,042 Fa. s 13,17 25359 3E600 LA
DL Aghd58-02 - 20539 033 13 2178 =L17, =119 Za, Ao 15,17 2286 23300 LA

(10 Maller & Wamen (19930, (20 Sterdel et al, (19957 02 Warren & Maller (199673, ©4) Diorsovsk et al. (199675 €3 Maller & Warren ( 1998 ;
(60 Maller et al. C1998), (73 Fynbo et al, (199495 (81 Maller € 19995 (9) Fynbo et al. €20000; € 10) Wamren et al. (2001): (11) Maller et al. (2002 §;
(12) Chnstensen et al. (2004); (13 this paper, (14) Lu et al. (1996);, (150 Kolkarm & Fall (20020 (163 Lu et al. € 1998); € 17) Prochaska et al.
(2003],

High-z DLA galaxies are also very COMAPCT 1?
=MORE samples are required to study high-z DLA galaxies
= The difficulties of detecting the emission lines;
Compactness, Low Surface Brightness,...



Half-light radius & Optical to NIR color of high-z DLA galaxies
(Moller et al. 2002, ApJ, 574,51)
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Relation between DLAs and LBGs
.........
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Fig. 1. PSS0808+5215 redshift histogram. Redshift histogram of the
2.6 <7< 3.4 LBGs in the PSS0808+5215 field. Objects are binned with

Az =0.03. The redshifts of the two known DLAs are indicated by the
vertical dashed lines Cooke et al. 2006



Observational Strategy

The Detection of emissions from DLA host-galaxies at HIGH Z

(e.g. Moller,Fynbo, Ledoux’s works)

‘Large Observatories Joint Comprehensive Search’

[ [EDESHRANDEDESHBABISEET B }

FEBRLUEITNIEIE S0 !

[The Aim of this Strategy]

e The nature of high-zDLAs (£EBE0DYIYAT)

e Lyman Break Galaxies (ZRIMEREOYIYOT)

e  The hosts of Gamma-ray Bursts (IRIEETOT77/I/LDYIYOT)

== ETFND PR GELAE L B S



Strateqy for detecting emission lines from DLA galaxies at high z

R

a 1 2 3 41 5

Liaki

o

—3

(Moller 2004 private communication)

T
L 1 I _
= o : : e i
i Mg o g .o
- ...—Fln—'—l l

E_F,.a—F""'_u o %m}mnu o
L o o e o e |
| u] 1] o nI:I |:|: m | ﬁ: . B
i ] % j joe ° =107 |
i nﬂ_tl_ﬂ o =] -
_ﬂ_ﬂ_..f_f: Oo® nﬂ: a u
i O Em o 10O _
o oo =
) ‘ i g ‘ i o I:E I:II:I _
| .8 5 oo nu_l;=1n—l|:.ll_
n ' - — . —
i I e : i
— f""r'_ﬂ o o u] o -
o
[ T A O A B A B O O N
a 1 2 2 : .
Tk

Luminous galaxies = High metallicity Z




Ly aFlux vs Metallicity relation predicted by our model

DLA galaxies (Moller et al.) (blue dots)
Detection limits of Subaru Telescopes (red-dashed lines)
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Okoshi, Minowa, Moller, Fynbo, Ledoux, Bouche et al. 2005-2006




Key points

Low redshift z=0:
Hl-selected galaxies at M(HI) <108M,,

mmm) The nature of DLAs and subDLASs
mmm) Star formation laws

e High redshift z>2:
|:> Large samples !!(e.g., Spectra of GRB afterglow )

mmm) MetalDZERE53#  (e.g., SNe explosions)
Metal systems (e.g., Mgll, CIV systems)
Lyman-break galaxies& )18 R
Sub-structure problems
UV background radiation (Proximity effects)
He Il reionization
Angular-momentum problems etc.....
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