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Figure 4.1: Portions of the Ly↵ forest. The x-axis is Observed Wavelength, while the
y-axis is Relative Intensity.
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Microturbulence

When people first started doing abundance analyses the observed 
equivalent width of saturated lines was greater than the predicted 
values using thermal and natural broadening alone. An extra 
broadening  was introduced, the micro-turbulent velocity !. This is 

a „fudge factor“ introduced just to make the observed line strengths 
agree with the models. Its physical interpretation is that it arises 
form turbulent velocities in the atmosphere of the star.
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Curves of growth: metallicity and vt

Curves of growth were used to check the excitation equilibrium of Fe lines, to estimate the
value of metallicity [Fe/H] and microturbulent velocity vt. The Plez et al. (1992, 1997) grid of

model atmospheres and the code RENOIR by M. Spite were used. Figure 1 shows the curves of
growth of Fe I and Fe II lines, measured for one object (HD 95799) of our sample. Different
symbols are used to represent three ranges of excitation potential, in this plot: their distribution
shows that the excitation equilibrium is reached.

  

Figure 1: Curve of growth of Fe lines for the star HD 95799. Different
symbols indicate three ranges of excitation potential. The Fe II lines are

represented by filled circles. The full line is a theoretical curve of growth. 

 is the solar abundance of the element, gf the line transition probability

of the line, and  is a function of the element and of the stellar model.

The parameters [Fe/H] and vt are obtained by calculating a theoretical curve which gives the

best fit of the data and compared to the solar value log N(Fe) = 7.50 in the usual scale where
log N(H) = 12.0 (Grevesse and Sauval 1999). The dispersion of points displayed in Figure 1 is
quite the same for most of our stars. A larger dispersion is found only for those observed with
lower resolution.
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Fig . 1 Spectral comparisonof stars inth e main-sequ ence tu rn-off reg ionwith d ifferent metallicities. Sev eral ab sorptionlines are
mark ed . Th e v ariations inline streng th reflect th e d ifferent metallicities. From toptob ottom: Su nwith [Fe/H] = 0.0, G6 6 -3 0 with
[Fe/H] = −1.6 (Norris et al. 1 9 9 7 c), G6 4 -1 2 [Fe/H] = −3.2 (Freb el et al. 2 0 0 5 ), and HE1 3 2 7 –2 3 2 6 with [Fe/H] = −5.4 (Freb el et al.
2 0 0 5 ).

HE 0 5 5 7 −4 8 4 0 (Norris et al. 2 0 0 7 ) with [Fe/H] < −4.8
b rid g es th e g apb etween[Fe/H] = −4.0 and th e twoh y per
Fe-poor ob jects. Ob jects inth e v ery tail of th e MDF prov id e
a u niqu e ob serv ational wind ow ontoth e time v ery sh ortly
after th e Big Bang . Th ey prov id e k ey insig h ts intoth e v ery
b eg inning of Galactic ch emical ev olu tion.

Toillu strate th e prog ressionof metallicity from metal-
rich to th e most metal-poor stars, Fig . 1 sh ows spectra
arou nd th e strong est optical Fe line at 3 8 6 0 Å of th e Su nand
fou r oth er metal-poor main-sequ ence stars. Th e nu mb er of
atomic ab sorptionlines d etectab le inth e spectra d ecreases
with increasing metal-d eficiency . InHE 1 3 2 7 −2 3 2 6 , only
th e intrinsically strong est metal lines remain ob serv ab le,
and th ese are ex tremely weak . If a main-sequ ence star with
ev enlower Fe v alu e was d iscov ered , noFe lines wou ld b e
measu rab le any more. Inth e case of a g iant, th e lines wou ld
b e somewh at strong er d u e toits cooler temperatu re and th u s
allow for th e d iscov ery of a [Fe/H] ! −6 ob ject.

3 Studying the early Universe with
metal-poor stars

3.1 Searching for the most metal-poor stars

Ov er th e past twod ecad es, th e qu est tofind th e most metal-
poor stars tostu d y th e ch emical ev olu tionof th e Galax y led
toa sig nificant nu mb er of stars with metallicities d ownto
[Fe/H] ∼ −4.0 (see Beers & Ch ristlieb 2 0 0 5 for a more d e-
tailed rev iew). Th ose stars were initially selected as cand i-
d ates from a larg e su rv ey , su ch as th e HK su rv ey (Beers

et al. 1 9 9 2 ) and th e Hamb u rg /ESO su rv ey (Wisotzk i et al.
1 9 9 6 ). A larg e su rv ey is requ ired toprov id e nu merou s low-
resolu tion spectra to search for weak -lined stellar cand i-
d ates. Th ose spectra h av e tocov er th e strong Ca II K line at
3 9 3 3 Å b ecau se th e streng th of th is line ind icates th e metal-
licity of th e star, and canb e measu red inlow-qu ality spectra.
If th is line is su fficiently weak as a fu nctionof th e star’s esti-
mated effectiv e temperatu re, anob ject is selected as a cand i-
d ate metal-poor star. For all cand id ates, med iu m-resolu tion
spectra (R ∼ 2000) are requ ired tomore accu rately d eter-
mine th e Ca II K line streng th for a more rob u st estimate
for th e Fe ab u nd ance. Th is line is still th e b est ind icator for
th e ov erall metallicity [Fe/H] of a metal-poor star insu ch
spectra. Inth e SloanDig ital Sk y Su rv ey and LAMOST su r-
v ey , th e su rv ey spectra th emselv es are alread y of med iu m-
resolu tionallowing for a qu ick er and more d irect search for
metal-poor stars. Toconfirm th e metallicity , and tomeasu re
elemental ab u nd ances from th eir respectiv e ab sorptionlines
b esid es th at of iron, h ig h -resolu tionoptical spectroscopy
is requ ired . Only th enth e v ariou s elements b ecome acces-
sib le for stu d y ing th e ch emical ev olu tion of th e Galax y .
Th ose elements inclu d e carb on, mag nesiu m, calciu m, tita-
niu m, nick el, strontiu m, and b ariu m, and trace d ifferent en-
rich ment mech anisms, ev ents and timescales. Ab u nd ance
ratios [X/Fe] as a fu nctionof [Fe/H] canth enb e d eriv ed for
th e lig h ter elements (Z < 30) and neu tron-captu re elements
(Z > 38). Th e final nu mb er of elements h ereb y d epend s on
th e ty pe of metal-poor star, th e wav eleng th cov erag e of th e
d ata, and th e d ata qu ality itself.
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