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Quasar (GRB) Absorption Lines ->  Diffuse IGM and dense ISM

Ly-aLy-b C IV

Metals

H2 + HD CO



Damped Ly-α Systems

Metals :

-> Metallicities

-> Dust content

-> Kinematics

Molecules H2 + CI, CI* : 

-> Density/Temperature

-> UV flux (excitation)

Star- Formation ?

Winds ? 

HI :



Selection of the systems 

-Search for DLAs  : SDSS  (DR7->BOSS) 

-> derive  cosmological density of HI

Ω ~ cosm density  *  mass  

~  cosm density * cross-section * L * density

~  dn/dz  *  NHI

-Select systems -> search for molecules 

-Detailed studies



Evolution of the cosmological HI density 

- Search the SDSS quasar spectra for DLAs : Fully automatic procedure



NHI distribution function

Highest column density known 

logNHI =  10**22 cm-2

Max contribution at 21Similar shape at z=0 and z=2.5

900 DLA Systems 



OmegaHI z evolution

The bias at z=2

? ?

Noterdaeme et al. 2009, A&A, 505, 1087

Cut 10000 km/s



Molecules: Why H2 ?

• H2 is ubiquitous in star-forming giant clouds and in the 
diffuse interstellar medium in our Galaxy

• H2 is formed on the surface of dust-grains :What is the 
role of dust ?

• Excitation of H2 in different rotational levels: Signature of 
the UV ambient flux + Physical properties of the gas

• Other molecules ? CO, HD

• By-products: variation of μ=me/mp

Two things:  * Survey to learn about the  H2-bearing DLA population

* Derive selection criteria -> detailed observations



UVES survey

• 80 DLAs – sub.DLAs

• Spectral resolution R=43000; SNR>20 per pixel

• H2 detected in 14 systems (15%) 

• Non detection : 

f = 2xN(H2)/(2xN(H2)+N(HI)) < 10-5 - 10-7

• Detection threshold ~1014 cm-2 :  3h exposure 

time per spectrum for no detection

-> 8h in case of detection.

=> More than 350 hours observations 

(! Old good days !)
Highest redshift

J1443+2724  z = 4.224

Petitjean et al. (2000), A&A, 364, L26 

Ledoux et al. (2003), MNRAS, 346, 209 

Noterdaeme et al. (2008), A&A, 481, 327



DLAs with H2: Presence of dust Not HI : 50 UVES nights

- Correlation Depletion ([Zn/Fe]) vs Metallicity ([Zn/H])

- Presence of H2 is  NOT correlated with  NHI

UVES survey : Noterdaeme et al. 2008, A&A, 481, 327



[X/H] : metallicity  - W1 : Absorption WidthLedoux et al., 2006, A&A, 457, 71

Presence of H2 for High metallicities

AND high velocity width

H2 = Metal Rich-large width  =  Massive Galaxies ?

High SFR 



Search for molecules 

Selection H2: *** High dust content (depletion)

30%            **   High metallicity

*     High NHI  

+ Presence of CI

Other Molecules:  CO + HD



CI absorbers: Presence of dust



The CI population: (preliminary)

-Quasars are reddened 

-Eb-v=0.05 => AV=0.14; 1 mag in g

-NHI small (logNHI=20)   

-We don’t see the highly reddened population



Translucent clouds



Heating processes: Molecular excitation 

Two temperatures

No velocity shift

Doppler parameter increases with J 

J = 0
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Fluorescence -> UV flux

Collisions -> Tk, density

CI+ CI*

Same for COnH=100cm-3  T=100K



Excitation of CO: Redshift evolution of Tcmb

β  = 0.007±0.027



Conclusion

-> Go deeper in the selection of quasars:

* down into the luminosity function

* detect obscured quasars

* big survey for more DLAs: BOSS    -- 21cm 

-> GRBs



Started sept 2009



BOSS in France at IAP, APC, CEA

Chasing the quasars

* QSO target selection (from photometry) with neuronal networks:

New method  -> 15 QSO/sq deg over 8000 deg : Different methods are complementary

Yeche et al., 2009, astroph/0910.3770 

-> 40% success rate for z>2

•Determination of the continuum: PCA at z=3

• French Value Added Catalogue: Check identification, z, BALs and DLAs

• June13, 2011: 57,000 QSOs at z>2.15 => 150,000 => 5000 DLAs



South-Africa  precursor of SKA

Array of 64x13.5m diameter  

off-axis gregorian dishes with 

wide band single pixel 

cryogenircreceiver.

High point sourve sensitivity 

and wide band coverage. 







Conclusion

Save high resolution spectroscopy at ESO !

Thank you !


