
Near-Pristine Gas
at High Redshifts:

 Prospects for the E-ELT



One approach: Galactic `archaeology’
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Fig. 1 Spectral comparison of stars in the main-sequence turn-off region with different metallicities. Several absorption lines are
marked. The variations in line strength reflect the different metallicities. From top to bottom: Sun with [Fe/H] = 0.0, G66-30 with
[Fe/H] = !1.6 (Norris et al. 1997c), G64-12 [Fe/H] = !3.2 (Frebel et al. 2005), and HE1327–2326 with [Fe/H] = !5.4 (Frebel et al.
2005).

HE 0557!4840 (Norris et al. 2007) with [Fe/H] < !4.8
bridges the gap between [Fe/H] = !4.0 and the two hyper
Fe-poor objects. Objects in the very tail of the MDF provide
a unique observational window onto the time very shortly
after the Big Bang. They provide key insights into the very
beginning of Galactic chemical evolution.

To illustrate the progression of metallicity from metal-
rich to the most metal-poor stars, Fig. 1 shows spectra
around the strongest optical Fe line at 3860 Å of the Sun and
four other metal-poor main-sequence stars. The number of
atomic absorption lines detectable in the spectra decreases
with increasing metal-deficiency. In HE 1327!2326, only
the intrinsically strongest metal lines remain observable,
and these are extremely weak. If a main-sequence star with
even lower Fe value was discovered, no Fe lines would be
measurable anymore. In the case of a giant, the lines would
be somewhat stronger due to its cooler temperature and thus
allow for the discovery of a [Fe/H] ! !6 object.

3 Studying the early Universe with
metal-poor stars

3.1 Searching for the most metal-poor stars

Over the past two decades, the quest to find the most metal-
poor stars to study the chemical evolution of the Galaxy led
to a significant number of stars with metallicities down to
[Fe/H] " !4.0 (see Beers & Christlieb 2005 for a more de-
tailed review). Those stars were initially selected as candi-
dates from a large survey, such as the HK survey (Beers

et al. 1992) and the Hamburg/ESO survey (Wisotzki et al.
1996). A large survey is required to provide numerous low-
resolution spectra to search for weak-lined stellar candi-
dates. Those spectra have to cover the strong Ca II K line at
3933 Å because the strength of this line indicates the metal-
licity of the star, and can be measured in low-quality spectra.
If this line is sufficiently weak as a function of the star’s esti-
mated effective temperature, an object is selected as a candi-
date metal-poor star. For all candidates, medium-resolution
spectra (R " 2000) are required to more accurately deter-
mine the Ca II K line strength for a more robust estimate
for the Fe abundance. This line is still the best indicator for
the overall metallicity [Fe/H] of a metal-poor star in such
spectra. In the Sloan Digital Sky Survey and LAMOST sur-
vey, the survey spectra themselves are already of medium-
resolution allowing for a quicker and more direct search for
metal-poor stars. To confirm the metallicity, and to measure
elemental abundances from their respective absorption lines
besides that of iron, high-resolution optical spectroscopy
is required. Only then the various elements become acces-
sible for studying the chemical evolution of the Galaxy.
Those elements include carbon, magnesium, calcium, tita-
nium, nickel, strontium, and barium, and trace different en-
richment mechanisms, events and timescales. Abundance
ratios [X/Fe] as a function of [Fe/H] can then be derived for
the lighter elements (Z < 30) and neutron-capture elements
(Z > 38). The final number of elements hereby depends on
the type of metal-poor star, the wavelength coverage of the
data, and the data quality itself.
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`Damped Lyα systems’ (DLAs) ≡ 

neutral gas of high density.
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`Damped Lyα systems’ (DLAs) ≡ 

neutral gas of high density.

Ideal for accurate measures of physical properties.

Highly complementary to local stellar studies.
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For [Fe/H] < -2,
halo stars and DLAs 
are indistinguishable
in [O/Fe] when stellar 
[O/H] is measured 
from [O I] !6300 line.



!"#$%&'#())*+#,,,#-).#

•  /0.1#+234546#17898414':;%#;4<;+#=419+814)'#

>?  @ABCD+EF#G#HIJ"K#

!?  L+'6&MN+#+N4=+'O+#P)8#&#

1;4:36#4'O8+&1+#4'#@BCD+F#

Q3+'#@D+CRF#A#,"JI#

!"#$%&'#()*+)$(,-./)-0$

L3+#BCD+#8&M)#&6#;)Q#S+6&;;4O46%#

•  @BCD+F#4'#/0.1#&:8++#Q+;;#Q463#63&6#P8)S#

16&81#4'#63+#3&;)#)P#)78#T&;&2%J#

•  /0.1#&8+#3+;94':#6)#8+1);N+#6341#S7O3#

=+5&6+=#68+'=#5+;)Q#@D+CRF#A#,>JI#

@B#-F#U"II#1$

/0.1#

Two main results:
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J1419+0829, z= 3.050, Fe/H = 1/200 solar
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J1419+0829, z= 3.050, Fe/H = 1/200 solar



Spectral analysis tailored specifically to 
the determination of D/H and its error



(Random + Systematic Error)
(D/H)DLA = (2.53± 0.05)� 10�5



(Random + Systematic Error)
100�b,0h

2(BBN) = 2.23± 0.09



Keisler et al. 2011

100�b,0h
2(CMB) = 2.22± 0.042



N� = 3.0± 0.6

Pettini & Cooke 2012 



Why the E-ELT? 
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Glikman et al. 2011QSO Luminosity Function
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8 SDSS QSOs with z � 2, r  18



(courtesy of G. Becker)
210 212 214 216 218 220

RA (deg)

−2

0

2

4

6

D
ec

 (d
eg

)

⇠ 1000 SDSS QSOs with z � 2, r  21



Here’s an example:
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Here’s an example:

Too faint for 8-10 m ! 
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Full Chemical Fingerprints
in MW Stars with [Fe/H] < -5

Fe-peak element
ratios at [Fe/H] < -3

Significantly more precise 
measures of  �b(BBN)





The Future


