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Number Density

Lyman Limit Systems

Sub-DLAs 

Damped Lyman-alpha 
Systems

(Péroux et al. 2005) 



Cumulative Column Density

UVES/VLT high-
resolution at N(HI)
<1020.3 cm-2

(Péroux et al. 2005) 



Sub-DLAs

Sub-DLA with 
N(HI)>1019 cm-2

(Péroux, et al. 2003)



HI Gas Cosmological Evolution

(Zwaan et al. 2005; 
Prochaska et al. 2005 
& Péroux et al. 2005)
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Molecular Hydrogen H2

N(H2)/[2N(H2)+N
(HI)] < 10%
 from searches at UV 
wavelengths 

(Ledoux et al. 2003) 
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(Péroux et al. 2006a, 2006b)

HI Metallicity versus N(HI)

• Zn traces total 
metallicity free from dust 
bias
• Sub-DLAs more metal 
rich 



Ionisation Correction of HI Gas

Photo-ionisation models 
required

Negative correction = 
overestimated metallicity 

larger correction for 
smaller N(HI)

(Péroux et al. 2007)



Ionisation Correction vs Metallicity

Hints of smaller 
correction at lower 
metallicity

Fractional correction 
roughly constant



HI Metallicity Cosmic Evolution

• Sub-DLAs better tracers 
of global metallicity? 

• Because of mass 
difference?
Because of obs dust bias?

(Kulkarni et al. 2007)
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Sub-DLAs less biased by obscuration?

obscured at N(ZnII)>X

X/N(HI)sub-DLA>X/N(HI)DLA

(Vladilo & Péroux 2005)
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Fraction of Ionised Gas

x = ionised gas /
total gas

(Péroux et al. 2007
 Fox et al. 2007a data =   )



Fraction of Ionised Gas

x = ionised gas /
total gas
a number of x 
values are found at 
any N(HI)

(Péroux et al. 2007
 Fox et al. 2007a data =   )



Fraction of Metals Produced by SF

DLAs ~ 5%

HI in sub-DLAs ~ 2%
=> because contribution to ΩHI small

Ionised warm + hot gas ~ 6%
[would require -0.46<Z/Zsun(sub-DLAs)<+0.14 to 
close ‘Missing Metals Problem’] 

(Péroux et al. 2007;
Fox et al. 2007b)
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HI Gas Cosmological Evolution

(Prochaska et al. 2005 
& Péroux, et al. 2005)
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Open Issues

HI consumed in star formation?

HI converted in H2? x-section? timescale?

HI converted to ionised gas? observational tracers?

refueling of gas?



Conclusion

• Quasar absorbers are HI gas selected
• Molecular content and metallicity are low in 

quasar absorbers 
• Important amount of metals in the ionised gas


