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measuring oxygen from absorption lines 
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available oxygen lines 
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source of uncertainties 
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measuring oxygen from absorption lines 
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gas-phase abundances: major complications 
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1.  quasar absorption line systems 
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access to oi at high-redshift 
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1.  quasar absorption line systems (DLAs) 
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access to oi at high-redshift 
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2.  gamma-ray burst host galaxies 
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access to oi at high-redshift 
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difficulties to measure the oi abundances 
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oxygen abundances at high-redshift 

questions to be answered: 
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oxygen abundances at high-redshift 
1.   what is the current picture of the O/H distribution ? 
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oxygen abundances at high-redshift 
1.   what is the current picture of the O/H distribution ? 
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oxygen abundances at high-redshift 
2.   what is the behavior and link of O relative to  

other chemical elements ? and what does that show ?  

does the behavior of chemical abundance ratios 
becomes universal towards very low metallicities ? 

do the most metal-poor dlas retain the signatures 
from the earliest episodes of star formation ? 
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oxygen abundances at high-redshift 
2.   what is the behavior and link of O relative to  

other chemical elements ? and what does that show ?  

does the behavior of chemical abundance ratios 
becomes universal towards very low metallicities ? 

DLAs + halo stars of our Galaxy tell 
the same story in the metal-poor 
regime, both show: 

near-solar [C/O] when [O/H] < !2 
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oxygen abundances at high-redshift 
2.   what is the behavior and link of O relative to  

other chemical elements ? and what does that show ?  

does the behavior of chemical abundance ratios 
becomes universal towards very low metallicities ? 
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DLA [O/Fe] values exhibit a plateau 
with a relatively low scatter in the 
range －3 < [Fe/H] < －2: 

[<O/Fe>] = +0.35 ± 0.09  

a((F+'+,'"DP'88'

!?m$DD$"E'MhU'S1#D.%A'+,'"DP'=kU'>"0?$"'b+0+H'+,'"DP'=c'



oxygen abundances at high-redshift 
2.   what is the behavior and link of O relative to  

other chemical elements ? and what does that show ?  

does the behavior of chemical abundance ratios 
becomes universal towards very low metallicities ? 
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DLA [O/Fe] values exhibit a plateau 
with a relatively low scatter in the 
range －3 < [Fe/H] < －2: 

[<O/Fe>] = +0.35 ± 0.09  
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This brings constraints on the long debate on the 
O/Fe behavior in metal-poor Galactic halo stars 
! good agreement with O abundances from  
    [OI] λ6300 Å with 3D corrections 
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oxygen abundances at high-redshift 
2.   what is the behavior and link of O relative to  

other chemical elements ? and what does that show ?  
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do the most metal-poor dlas retain the signatures 
from the earliest episodes of star formation ? 
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Typical very metal-poor DLA 
constructed from the mean [<X/O>] ratios 

available for all DLAs with [Fe/H] < －2 
and for each element X 



oxygen abundances at high-redshift 
2.   what is the behavior and link of O relative to  

other chemical elements ? and what does that show ?  
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oxygen abundances at high-redshift 
2.   what is the behavior and link of O relative to  

other chemical elements ? and what does that show ?  
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oxygen abundances at high-redshift 
3.   O/H in absorption and in emission measured in the same objects,  

how do the O abundances compare ? 
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oxygen abundances at high-redshift 
3.   O/H in absorption and in emission measured in the same objects,  

how do the O abundances compare ? 
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oxygen abundances at high-redshift 
2.   what do we learn from Si,Fe/H when used as the metallicity indicator ? 
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2.   what do we learn from Si,Fe/H when used as the metallicity indicator ? 

metallicity evolution with cosmic time'
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8c8'E+,"DD$?$,*'E+"1.0+E+%,1'"/"$D"@D+'

L+0*'(DA'A+@",+['b+X%$'+,'"DP'MhIMMU'6"/"&D$('+,'"DP'MMU'b0(?-"1F"'V'm(D4+'==U'LD"A$D('+,'"DP'==U''
' b0(?-"1F"'V'm(D4+'=<U'�.DF"0%$'V'g"DD'=<U'b0(?-"1F"'+,'"DP'=OU'�.DF"0%$'+,'"DP'=kU'!+$0$%&'+,'"DP'=c'

metallicity scatter:  
• 'D"0&+'1?"_+0'(4'u8'A+)'#+0'#:@$%'
• '0(.&-D*'?(%1,"%,'R$,-'#'
jZ'?(E@$%"B(%'(4'&"1'?0(11:1+?B(%'1+D+?B(%I'
'''''E+,"DD$?$,*'&0"A$+%,1I'A$ P̂'6g'-$1,(0$+1'

metallicity evolution: 
• 'E$DA'E+,"DD$?$,*'+/(D.B(%'R$,-'?(1E$?'BE+'
• 'j=P<c'A+)'#+0'#:@$%'5)(!'u<)'#+0'>*07'
jZ'@.,',-+'$%,+&0",+A'Ä6gY'#0+A$?,1'O:8=)''
'''''',-+'E"11'A+%1$,*'(4'E+,"D1'(@1+0/+A'$%'T]S1['
''''''ÅE$11$%&'E+,"D'#0(@D+EÇ'

metallicity floor: 
• '4+R'T]S1'R$,-'1(D"0'v!edw 
• 'v!edw'Z'jO'5+)?++A1',-+'A+,+?B(%'D$E$,7'
jZ'+)$1,+%?+'(4'#0$E(0A$"D'&"1'$%',-+'C6!''
'''''(4'-$&-:#'&"D")$+1's'



oxygen abundances at high-redshift 
2.   what do we learn from Si,Fe/H when used as the metallicity indicator ? 

velocity - metallicity relation '
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2.   what do we learn from Si,Fe/H when used as the metallicity indicator ? 
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