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Damped Lyo Absorption Systems
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Definition of Damped Lya System (DLA): N(HI)> 2<¢10%° cm™
*Distinguishing characteristics of DLAs :
(1) Gas 1s Neutral
(2) Metallicity 1s low: [M/H]=-1.5
*DLAs dominate the neutral-gas content of the Universe
out to z=5
*DLASs cover 1/3 of the sky at z=[2.5,3.5]
.ans ~0.5 Qvisible



What are DL As?

A long standing debate

or

Galaxy Building Blocks

PRC96.29b - ST Scl OPO : September 4, 1996 - R. Windhorst (Arizona State University), NASA

Haehnelt (2012)




How are DLASs Related to
Galaxies?

Do DLA metallicities resemble those of
known stellar populations?

*S1ze, Mass of Galaxies Hosting DLAS?
*Origin of DLA kinematics?

*Do DLASs exhibit a mass-metallicity relation?



Outline

® Results of Survey for high-redshift (z=4-5.2) DLAs:
Metal Abundances

* DLA Kinematics: velocity-interval distribution,
and its relation to metal abundances and redshift



1. Keck ESI Survey for DLAs at z,, > 4:
--Metal Abundances of DLAS
(Rafelski, Wolfe, & Prochaska 2012)



ESI Survey for g DMWTM_
high-z DLAs

* 25 quasar spectra

e 30 DLAs with z>4
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Gallery of ESI Damped Lya Profiles

‘hmhﬂﬁlﬂ 21.!5 Jimh“’ﬂm’- =20ued

:fﬁ"i |-mm

5000 4000 A000

ﬂm.-m

4000 -7000 000

Iﬂﬂ‘bﬂ! ﬁ-ﬂ !ﬂﬂﬁ I

10000-8000 o 4000 o 4000 4000 o 4000 5000 a 5000
.H‘fgq ﬁﬁ“ - Velocity [ kmis |

Velocity [ kmys |



DLA Metal Abundances
Based on H I and low-10n column densities

*No 10ni1zation corrections required since
(X/H)=(X"/H")
--Ionization potential of X™ > 1 Ryd
and of X< 1 Ryd
--Thus starlight (hv <1 Ryd) can
photo-ionize X° to X
-- But X" shielded from photo-ionization



DLA-JO817+13, z=4.2584: HIRES velocity profiles
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DLA-JO817+13,7z=4.2584, [M/H]=-1.15=%0.15
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Nommalized Flux
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DLA-J1203+32, z=5.0647, [M/H]=-2.66+0.16

1.0 Mo
Metal Abundance lﬁ‘l o
Ol 05l

CIT* 1335 1
00— i it

Nommalized Flux

05F

05rF

- Will 1317 - Nill 1370
G'D _-T-_-_I-_- 1 bl 1 1 _-I_-_ D-[. _-_I-_-_-I_ 1 - 1 1
-60 40 =20 0 20 40 &0 60 <40 =20 0 20 40 60

Relative Velocity (km s™)



Metal Abundances and <Z> versus redshift (2004 sample)
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Metal Abundances and <Z> versus redshift (Prochaska etal 2003)
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Metal Abundances and <Z> versus Redshift (Rafelski etal 2012)
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Metal Abundances and <Z> vs Redshift (Rafelski etal *12)

0Gyr 1.7Gyr 10.3Gyr 11.4Gyr 12Gyr 12.3Gyr
(rrrrrrrrrrTrTTrreT T T T T T T T T T T T
Literature + i
*x ]
X
a[ <7>=-(0.22+0.03)-(0.65%0.09) =
0 1 2 3 4 5

Redshift (z)



umber

15

10

Mean [M/H[=-1.50, 6y, =0.55

30F
o5

20F

y =

%\

-3 ) _
Metallicity [M/H]



[M/H]

Metal Abundances versus look-back time
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Abundance Histograms: DLAs and Stellar Populations
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Number

[o/Fe] Distribution: DLAs are o Enhanced




Momalized Fraquency

[o/Fe] Distribution Consistent with Halo Stars
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a/Fe

Dependence of [a/Fe] on Metal Abundance
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a/Fe

Dependence of [a/Fe] on Metal Abundance
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2. Keck HIRES study of DLA kinematics
(Neeleman, Wolfe, Prochaska & Rafelski 2012)
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Velocity Width Distribution
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Kinematic Floor: Avg, > 18 km s°!
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Comparison between ACDM simulations (red)
and HIRES data (blue) reveals a problem
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Divide DLA sample with respect to
[C II] 158 um cooling rates per atom, /,



CII* Absorption provides measure of gas
cooling rates in DLAS
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--Bimodality between “high-cool” and
“low-cool” DLASs
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Pontzen etal (2008) model ( red) consistent with
kinematics of “low cool” DLAs (blue)

data w_ JDAAAARAAAL AR AARRE

12T

10F B
Median
Velocity e
=50 kms™! SL Bl

=

o 50 100 150 200 250 300
Al (] ]

P, = 0.388678

)
o l-: e
i o
Pl ¥
E it =
o T
i Ll 4
G o
s
S R, =
e R
el s Ty -
g
e . -
S e ) -"‘1."
H Ay +-F'_!_|l-+l 4
1l- Ll ol ] l-.‘l '




DLA 1incidence as function of Avy, for different
ranges of DLA halo masses (Pontzen etal ‘08)
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Evolution of halo mass function implies decrease of
the circular velocity, v, , with redshift
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Indirect observational evidence for decline of Av,, with z
(Ledoux etal 2006)

[X/H]




Correlation between [M/H] and z further suggest
Av,, should decline with z
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But evidence for evolution of Avy, with z 1s weak at best
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Fundamental Plane
*Two weakly correlated variables, Avy, and z
‘But Av,, strongly correlated with [M/H]
*Redshift z strongly correlated with [M/H]
*Analogous to fundamental plane for elliptical

galaxies where o, and p are uncorrelated, but
each are strongly correlated with r,
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Model Predictions

* Kinematic Model (Barnes and Haehnelt 2008)
* Chemical Evolution (Erb 2006)

--Kennicutt-Schmidt Law (with reduced SFR efficiency)
--Tinsley type model with inflow and outflow



Model Predictions: velocity width vs z

loghvy, [km 1]

Cppe=1.8e— |14.1|E'._|, =1.4.r,=1 B;,5,|r= 5.0,f, =|1.1?:'.f_l= 1.0

L veo=50.0

L veo=40.0
L veo=30.0__
L veo=10.0

« [M/H] > -1.47%
[M/H] < -1.47%

redshift



Model Predictions: metallicity vs z
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Model Predictions: plane parameter vs z
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Results of Survey for DLAs with z>4

* Robust evidence for linear decrease of <Z> with z
for z=[1,5].

» Large Dispersion in [M/H] (o3 =0.55) at all z

 Distribution of [M/H] and [o/Fe] like halo stars

* Metallicity “floor” at [M/H] =-3

DLA Kinematics

 v. > 30 km s! for halos hosting DLAs

* Simulations reproduce kinematics of “low-cool” DLAs

* Possible detection of fundamental plane in which
[M/H] 1s a function of Avy,and z

* Predicts a mass-metallicity relation with a zero-point

metallicity that decreases with z
*Av,y, may increase with redshift




