Damped Lyman-alpha systems

in absorption

Pasquier Noterdaeme

L3 N
* I TR . Y
AP
* e N

P. Noferdaeme : DLAs in absorption



Damped Lyman-alpha systems

in absorption

Pasquier Noterdaeme

* X o«
tI *
* Pt'
AN

* (e

P. Nofterdaeme : DLAs in absorption



Damped Lyman-alpha systems

in absorption

Pasquier Noterdaeme

* Xox
tI i
* P&
QA* .
* (e

P. Nofterdaeme : DLAs in absorption



Damped Lyman-alpha systems

in absorption

Pasquier Noterdaeme

* Xox
* I Sk
* P{r
AP
w4 (e

P. Noferdaeme : DLAs in absorption



Damped Lyman-alpha systems

in absorption

Pasquier Noterdaeme

L3 N
* I Sk
AP

# St

P. Noferdaeme : DLAs in absorption



Damped Lyman-alpha systems

in absorption

Pasquier Noterdaeme

L3 N
* I Sk
AP

# St

1215.67

P. Noferdaeme : DLAs in absorption



Damped Lyman-alpha systems

in absorption

Pasquier Noterdaeme

* Xox
* I s
* el

1215.67

P. Noferdaeme : DLAs in absorption



BASICS
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- Observable from ground at z>1.6
- Def. : intervening / proximate / associated / GRB-DLAs

= N(HI) > 2x10%° cm=
- The gas is self-shielded and neutral
- Similar to what is seen in local galaxies through 21cm emission
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1. Counting Lyman-alpha absorbers

-1

-15

Petifiean et al. 1993

lag f(N)

-20

[iep s

1 o 1 I L L
12 14 16 15

leg MIHY (om0

EWASS 2017 - SS14 « DLAs, in absorption, in emission » P. Noterdaeme : DLAs in absorpfion



'D‘I:ll.r:nr:d wavelength (A)

"EWASS 2017 - 5514 « DLAs, in absorption, in emission »

1. Counting DLAs
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1. Counting DLAs

== NOSN_NOZCOOL
== REF

— NOZCOOL

| == REF with H, correction ||

= The high-column density end of
the distribution is sensitive to SF
feedback/conversion into
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1. Counting DLAs

How much neutral gas in the Universe 7

Q. ocnm
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1. Counting DLAs

How much neutral gas in the Universe 7
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1. Counting DLAs

How much neutral gas in the Universe 7

Q. ocnol
HI . LVB
dN/dz N(HI)
£ COG AX
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1. Counting DLAs (at different epochs)
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2. Looking at metal lines
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2. Low-ionisation metals : neutral gas kinematics

AV=182 km s~}

| | |
0.8 | ! |
| | |
0.6 A B :
I I |
- | (\ﬁ |
0.4 | Jw. I
r I I |
I | | |
TR
r | | |
[ h JU Yo fl | N2
0.0 st Al e
5526 5528 2530 9532 5534

Observed wavelength (f\}

Quantitative measurement AVQO

EWASS 2017 - SS14 « DLAs, in absorption, in emission »

P. Noterdaeme : DLAs in absorption




3. Metallicity

0Gyr 7.7Gyr 10.3Gyr  11.4Gyr  12Gyr 12.3Gyr
L L LR I L L i L L |

AL R U U R R I. """"" | L LI L L i R i 40_ L L L L A A S AL | [ LA | L AL IR L
E DLAs z<4.7 + ] N z<4.7 DLAs ]
ok -+ DLAs z>4.7 A ks C Evolved z<4.7 DLAs ]
- + Cosmic Metallicity <Z> X ] - z>4.7 DLAs ]
[ + T+ o+ <Z>7>47 @ @ ] C .
C + + <Z> best fit z<4.7 «+evrreenne ] C -
L +, ++ =+ + + o 30_ ]
P - + T A . - ;
o S X e I +h 4 ¥+ 1 : .
| *-E-. 1 ol H + + +++ + + + _ = E E
SR .~ 2 15, :
> B ++  phEY '»—*—d’,—,i_@—*—‘fﬁ-q- ] € 20 E
o - 'El*-'i."-q!"' Hy Db A ] S C ]
= [ + 4+ ¥ ¥ LT ﬁ{#¢+f R ol ]l = r ]
g ” R A TR N s k - ]
s of + TRt ety TE ] - .
—2r ML o T ++;1: + ] C .
+ by " -ITI -ﬁ' he 4 : 10:— .
: TRt Aa : :// E
_3'_, ........ Los oo aaaus Lo anaauy Lo ooy Loe ooy I .—' U: C ‘0.0-' .
0 1 2 3 4 5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
Redshift (2) Metallicity ([M/H])
=/ increases with decreasing redshiff
= Floor in metallicity around 1/1000th solar .
Y Rafelski+14

= Dispersion ~1dex

EWASS 2017 - SS14 « DLAs, in absorpfion, in emission » P. Notrerdaeme : DLAs in absorpfion



-0.5

-2.5

4. Metallicity vs kinematics

2

70 systems

1.7<2 <43

10

1000

L edoux+06

P. Noterdaeme : DLAs in absorption



-0.5

-2.5

Z Vs Avg,O VS Z

35 systems

1.7<z

<2.43

abs

1000

-05

-2.5

35 systems

2.43<z,,<4.3

10

100 1000
AV (km s~1)

L edoux+06

P. Noterdaeme : DLAs in absorption



Z Vs AVQO VS Z

Scatter at all redshifts can be explained by:
— mass-metallicity relation (Ledoux et al. 2006)

— difference in history of structure formation
(overdense vs underdense) Dvorkin et al. (2015)

Neeleman+13
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4. Abundance ratios
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Wolfe, AM et al. 2005
Annu. Rev. Astron. Astrophys. 43: 861-918
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4. Abundance ratios

SN type Il enrichment: 0.

on
T T I T ]
—

overabundance of O compared to N \ "%
i —— | gals

overabundance of alpha elements O i e A W i

compared fo iron-peak [

Burst of star-formation :
O first, then N some 0.20 Gyr
later

Petitjean et al. 2008, Pettini
et al. 2008, Zafar et al. 2014
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5. Low metallicity DLAs

Low metallicity regime : carbon enhancement af low-metallicity 7
= probing Pop Il 7
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6. Dust - B. from extinction

Bias in the DLA samples ?
= Radio-selection (Ellison et al. 200D) : no effect on HI stafs

= Little extinction

Spectral index

€————— MTM & Liske 04

Photometric colours

|_._| Vladilo et al. 08
j——@—] Fukugita & Ménard 14 (z=2.2)

Spectral stacking

}—e—+ - Frank & Péroux 10
o4 | Kharet+ 12

10_> E(B-V)suc [mmag]
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6. Dust - C. from H2
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/. Physical conditions
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a) Line broadening : b? = b

24+ 2
furb brh

= Thermal broadening bu=V2K,T/m

7. Main question : WNM/CNM

T=9x10" K

b (km s™)
LR B e

5 10 15
atomic mass

e.g. Carswell+10,12, Noferdaeme+12b, Cooke+14, Dutta+14

20

EWASS 2017 - SS14 « DLAs, in absorption, in emission »

P. Noterdaeme : DLAs in absorption



7. Main question : WNM/CNM

N(HI) = 1.823 x 10*® T, f rdv

= together with N(HI) (and covreing fraction), we
get the average Ts.

= ~ 10 % DLAs have CNM fractions > 20 %.

e.g. Curran+, Kanekar+, Srianand+, Gupfa+
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7. Main question : WNM/CNM

c) Excitation of fine-structure levels

« CI, CI", CI'"" : excited levels mostly populated by collisions (e.g. Srianand+05,
Jorgenson+10). = physical conditions in the CNM.

« CII" (e.g. Wolfe+03,04) : N(C11")hvgAy

¢ N(H1)

ergs~! per H atom,

Cooling from [CI][158 emission

Heafing from photo-electric effect on dust grains : F  x dust

= SFR too large is only WNM : must have CNM

P. Noterdaeme : DLAs in absorption



7. Main question : WNM/CNM

c) Excitation of fine-structure levels

« CII", Sill" (Neeleman+15)
= Like CI, but dominant ionisation sfage in DLAs.
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8. From atomic to molecular gas
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8. From atomic to molecular gas

=» is the molecular phase essential for star-formation or only a tracer of the cold, dense

phase 7 In other words, why do we care about the chemical state ?7

P. Noterdaeme : DLAs in absorption



8. From atomic to molecular gas

=» is the molecular phase essential for star-formation or only a tracer of the cold, dense

phase ? In other words, why do we care about the chemical state ?7

« H, forms on dust grains * Cooling of the gas through atomic lines
2
=~nxn, ~ nZ =Nnxn, ~nZ
« H, dissociation * Heating : photoelectric effect
=~ l:uv = -~ Fuv

The conditions that favour the onset of star-formation also favor the production of H.,.

= Z"SFR x ZH2
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DLAs - from atomic to molecular gas

Sharp atomic to molecular fransition that depends on metallicity

‘: Krumholz+09

0.1 10 0.0 100.0 _1000.0 10000.0

E"'Cc>m|:| (MG pc_z)

Yo~ 1072 M yr!

HI-H2
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DLAs - from atomic to molecular gas

GRB-DLAs
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Does trully molecular gas escape detection ?

I (I — T T L T
: “,_,. :
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log N, [em~2]
/waan & Prochaska 2006

= More efficient searches

EWASS 2017 - SS14 « DLAs, in absorption, in emission » P. Notrerdaeme : DLAs in absorpfion



Does trully molecular gas escape detection ?
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Figure 31.2 Structure of a PDR at the interface between an HII region and a dense
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Does trully molecular gas escape detection ?
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Does trully molecular gas escape detection ?
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P. Noterdaeme : DLAs in absorption



inpree!  Hitting central (molecular-rich) region of galaxies ?
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P. Nofterdaeme : DLAs in absorpfion
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P. Noterdaeme : DLAs in absorption



