
A&A 403, 1105–1114 (2003)
DOI: 10.1051/0004-6361:20030438
c© ESO 2003

Astronomy
&

Astrophysics

First Stars. III. A detailed elemental abundance study
of four extremely metal-poor giant stars ?,??

P. Franc¸ois1, E. Depagne1, V. Hill 1, M. Spite1, F. Spite1, B. Plez2, T. C. Beers3, B. Barbuy4, R. Cayrel1,
J. Andersen5, P. Bonifacio6, P. Molaro6, B. Nordström7,5, and F. Primas8

1 Observatoire de Paris-Meudon, GEPI, 92195 Meudon Cedex, France
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Abstract. This paper reports detailed abundance analyses for four extremely metal-poor (XMP) giant stars with [Fe/H] < −3.8,
based on high-resolution, high-S/N spectra from the ESO VLT (Kueyen/UVES) and LTE model atmosphere calculations. The
derived [α/Fe] ratios in our sample exhibit a small dispersion, confirming previous findings in the literature, i.e. a constant
overabundance of theα-elements with a very small (if any) dependence on [Fe/H]. In particular, the very small scatter we
determine for [Si/Fe] suggests that this element shows a constant overabundance at very low metallicity, a conclusion which
could not have been derived from the widely scattered [Si/Fe] values reported in the literature for less metal-poor stars. For
the iron-peak elements, our precise abundances for the four XMP stars in our sample confirm the decreasing trend of Cr and
Mn with decreasing [Fe/H], as well as the increasing trend for Co and the absence of any trend for Sc and Ni. In contrast to
the significant spread of the ratios [Sr/Fe] and [Ba/Fe], we find [Sr/Ba] in our sample to be roughly solar, with a much lower
dispersion than previously found for stars in the range−3.5 < [Fe/H] < −2.5.

Key words. stars: abundances – stars: Population II – Galaxy: abundances – Galaxy: halo –
nuclear reactions, nucleosynthesis, abundances

1. Introduction

The heavy elements in the Universe have been synthesised in
stars by a variety of nucleosynthesis processes. The abundance
pattern in young disk stars is quite uniform (Edvardsson et al.
1993), reflecting the well-mixed products of all these processes
in many successive generations of stars. In contrast, the mate-
rial in the most metal-poor stars has been enriched by a small
number of SNe, perhaps only a single one (Audouze & Silk
1995). The chemical composition of these stars is therefore of
special interest, as it offers a unique opportunity to study the
yields of single first-generation supernovae, presumably them-
selves formed from primordial matter (“Population III”). Key
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questions concern the mass function of these primitive stars,
the heavy-element yields of SNe II of different masses, and the
efficiency of mixing processes in the interstellar medium in the
early galaxy. Clues to the answers to these questions are found
in the precise, detailed elemental abundances of stars surviv-
ing from that era, revealing both general trends and local de-
viations. Accordingly, an increasing number of detailed abun-
dance determinations for stars with extremely low metallicity
([Fe/H] ≤ −3) has appeared in recent years (e.g. Norris et al.
2001; Carretta et al. 2002, and reference therein).

In this paper, we present an analysis of four extremely
metal-poor (hereafter XMP) giant stars, namely CD-38 245,
BPS CS 22172-002, BPS CS 22885-096 and BPS BS 17467-
062, selected from a much larger sample currently being stud-
ied in a systematicLarge Programmeat the ESO-VLT and its
high-resolution spectrograph UVES. Three of them have been
already analysed in the literature (Norris et al. 2001), but are
studied here again in an homogeneous way, using spectra of su-
perior resolution andS/N ratios, in order to minimise the obser-
vational uncertainties and thus better constrain the magnitude
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Table 1.Observing log for the programme stars. Exposure times combine several exposures obtained in different observing runs, andS/N ratios
are given for the co-added spectra.

Star name Total exposure time S/N ratio

Date Blue yellow Red
V 396 nm 573 nm 850 nm 400 nm 510 nm 630 nm

CD-38 245 12.01 Jul. 2000 7200 3600 3600 150 150 200
– Aug. 2000

BS 16467–062 14.09 Jun. 2001 10 200 7200 3600 90 140 170
– Jul. 2001

CS 22172–002 12.73 Oct. 2000 7494 3600 3900 130 200 330
CS 22885–096 13.33 Jul. 2000 15 835 9184 6600 160 250 410

– Aug. 2000

Fig. 1. Spectra of the observed stars in the region 390–395 nm, offset
vertically for clarity.

of any “cosmic scatter” in the derived abundance ratios. Similar
analyses of the remaining, somewhat less metal deficient stars
will be published in a separate paper (in preparation).

2. Observations

The observations were carried out during several observing
runs in 2000 and 2001 using the VLT-Kueyen telescope and
UVES spectrograph (Dekker et al. 2000). The log of the obser-
vations and spectrograph settings can be found in Table 1. The
spectra were reduced using the UVES package within MIDAS,
which performs bias and inter-order background subtraction
(object and flat-field), extraction of the object (above sky, re-
jecting cosmic-ray hits), division by a flat-field frame extracted
with the same weighted profile as the object, wavelength cali-
bration and re-binning to a constant wavelength step, and merg-
ing of all overlapping orders. The spectra were then added and
normalized to unity in the continuum.

Examples of the spectra near the CaII 393.3 nm and
SrII 407.7 nm lines are presented in Figs. 1 and 2. Although
these stars have similar temperatures, gravities and metallici-
ties, Fig. 2 clearly demonstrates that a large spread exists in at
least the strontium abundance.

Fig. 2. Spectra of the observed stars in the region of the SrII line
at 407.7 nm. Note the large variation in the line strength.

2.1. Model atmospheres and stellar parameters

The adopted model atmospheres (OSMARCS) were computed
with the latest version of the MARCS code (Gustafsson et al
1975; Plez et al. 1992; Edvardsson et al. 1993; Asplund et al.
1997). Models were interpolated in grids computed for metal-
licities down to [Fe/H] = −4 dex and with [α/Fe]= +0.4 dex.
We adopted the solar elemental abundances of Grevesse &
Sauval (2000) where Fe abundance is 7.50. The damping con-
stants computations were based on the tables of damping con-
stants from the collisional broadening theory of Anstee et al.
(1997), Anstee & O’Mara (1995), Barklem & O’Mara (1997)
and Barklem et al. (1998).

The reddening values, derived from the maps of Burstein &
Heiles (1982) and Schlegel et al. (1998), are given in Table 2.

The temperature of the stars were derived from colour
visual-IR indices, using the relations of Alonso et al. (1999)
for giants, which are based on the IR flux method. The data
and results are summarised in Table 3.

These temperatures have been checked with the excitation
temperature from FeI lines. The gravities were chosen in or-
der to satisfy the ionization equilibrium of iron. The neutral
iron lines could be affected by the NLTE effects and thus pro-
vide too large gravities, somewhat shifting the abundance val-
ues. The shift is small, however (Johnson 2002). Moreover,
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Table 2. Interstellar extinction in the direction of the target stars.

Object l b E(B− V)Bur E(B− V)Sch Mean

CD-38 245 308.15 –79.42 – 0.0117 0.011
BPS BS 16467-062 356.93 +75.07 0.00 0.017 0.008
BPS CS 22172-002 193.69 –52.56 0.05 0.070 0.06
BPS CS 22885-096 1.26 –33.51 0.05 0.055 0.05

Table 3.Colour indices and derived temperatures.

Object (V − K)o Teff(V − K) (J − K)o Teff(J − K) Adopted

CD-38 245 2.30 4778 0.48 5091 4900
BPS BS 16467-062 1.99 5153 0.48 5102 5100
BPS CS 22172-002 2.29 4784 0.55 4832 4800
BPS CS 22885-096 2.17 4927 0.55 4855 4900

Table 4.Adopted atmospheric parameters for the stars.

Object Teff logg ξ

CD-38 245 4900 1.7 2.0
BPS BS 16467-062 5100 1.9 1.4
BPS CS 22172-002 4800 1.3 2.2
BPS CS 22885-096 4900 2.0 2.0

we are primarily interested in the trends of abundances with
metallicity and in the differential comparison of similar stars,
and moderate systematic shifts of this nature then essentially
cancel out. The microturbulent velocity was determined so as
to remove any trend of abundances vs. equivalent width of the
iron lines.

The final adopted parameters are shown in Table 4.

3. Abundance determination

Most of the abundances were determined from equivalent
width measurements of selected, unblended lines. These were
made with an automatic line fitting procedure based on the al-
gorithms of Charbonneau (1995), which perform both line de-
tection and Gaussian fits to unblended lines. Although many
more lines are visible on the spectra, we made a careful selec-
tion of'120 reliable lines.

Three of our stars have been studied by Norris et al. (2001),
and Figs. 3–5 compare the two sets of equivalent width mea-
surements. Good agreement is seen in the range 0–100 mÅ,
while Norris et al. (2001) measure slightly larger equivalent
widths for stronger lines. This difference is unimportant for
our results as we do not use strong iron lines for temperature
and gravity check. For elements for which only strong lines are
available, we determine the abundance directly from synthetic
line profile fits. We also performed synthetic line profile fits for
all the heavy elements. The hyperfine structure for Ba and Eu
is the same as used in Hill et al. (2002). For the majority of the
elements, the mean abundance has been determined discarding

Fig. 3. Comparison of the equivalent widths measured in CD-38 245
by us and by Norris et al. (2001). (The dotted line shows the 1–1 re-
lationship.)

lines with an equivalent width larger than 80 mÅ. The mea-
sured equivalent widths for the program stars are gathered in
Table 5.

Our results are overall in good agreement with those of
Norris et al. (2001), any small differences being essentially
explained by differences in the adopted (Teff, logg) of the
model atmospheres. All four star have a metallicity around
[Fe/H] = −4, in particular for BPS CS 22885-096 we confirm
the early findings of Molaro & Bonifacio (1990) rather than
the subsequent upward revisions of its metallicity (McWilliam
et al. 1995; Norris et al. 2001). However, the absolute metal-
licities of these extremely metal poor stars is difficult to obtain
as a consequence of the uncertainties on different parameters
(calibration of photometric indices, departure for LTE treat-
ment in the UV, weak constraint on the ionization equilibrium).



1108 P. Franc¸ois et al.: Abundance in 4 XMP stars

Table 5.Equivalent widths for program stars. The logg f are the same as in Hill et al. (2002). This table is published in its entirety in electronic
form at the CDS.

Element λ χexc logg f CD-38 245 CS 22885-096 BS 16467-062 CS 22172-002

Equivalent widths in mÅ

Fe 1 3521.261 0.91 −0.990 66.0 65.4 55.5 89.4
Fe 1 3536.556 2.87 0.120 ... 14.8 ... 18.5
Fe 1 3541.083 2.85 0.250 15.7 20.8 16.8 26.8
Fe 1 3743.362 0.99 −0.790 78.8 84.6 69.7 93.2
Fe 1 3753.611 2.18 −0.890 8.6 17.3 ... 21.9
Fe 1 3758.233 0.96 −0.030 109.0 106.5 82.5 121.1
Fe 1 3763.789 0.99 −0.240 97.9 95.2 71.5 106.7
Fe 1 3765.539 3.24 0.480 15.6 18.4 15.5 22.1

Fig. 4. Comparison of the equivalent widths measured in CS 22885-
096 by us and by Norris et al. (2001).

Table 6 lists the mean abundances determined for all four
stars, with the standard deviations (σ) around the means, and
the number of lines used in each determination. As will be seen,
the mean abundances have typical errors of 0.05–0.07 dex.
It should be noted that the abundance for Al and Na come
from LTE computations. No NLTE correction, as prescribed for
metal poor dwarf stars (Baum¨uller & Gehren 1997; Baum¨uller
et al. 1998) has been applied.

3.1. Estimation of the errors

Errors arising from the random uncertainties in the measured
equivalent widths are shown in Table 6 and are computed, when
N ≥ 2 lines of a given element are observed, with the standard
formulationσ/

√
N − 1 (whereσ is the rms around the mean

abundance).
Table 7 lists the errors linked to the uncertainties on the

stellar parameters. These errors were estimated by varyingTeff

Fig. 5. Comparison of the equivalent widths measured in CS 22172-
002 by us and by Norris et al. (2001).

by +100 K, logg by +0.2 dex andξ by +0.2 km−1 in the stel-
lar atmosphere model of CS 22172-002. Computation of these
errors for the other stars of the sample give similar results.

4. Discussion of the abundance results

4.1. Light metals

Figure 6 presents our results for [Na/Fe], [Mg/Fe], [Al/Fe],
[Si/Fe], [Ca/Fe], [Sc/Fe] and [Ti/Fe] as a function of [Fe/H],
supplemented by data from the literature. The results for the
2 most metal poor stars of Carretta et al. (2002) have been
also added. The relative constancy of the measured [Mg/Fe],
[Si/Fe], [Ca/Fe], and [Ti/Fe] ratios in stars with [Fe/H] <
−1 is found in this study to be valid down to metallicities
as low as [Fe/H] = −4.0. Our data do not confirm the
large spread in [Si/Fe] found by McWilliam et al. (1995) or
Ryan et al. (1996); here, Si behaves like the otherα-elements,
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Table 6. Individual element abundances for the programme stars. For each star, the columns give the mean abundance [X/H] =
logε(X)− logε(X)�, the standard deviation (σ) of the results derived from individual lines, and the number of lines measured.

Element [X/H] σ n [X /H] σ n [X /H] σ n [X /H] σ n

CD-38 245 CS 22885-096 BS 16467-062 CS 22172-002

Fe I −4.07 0.15 77 –3.96 0.11 91 –3.95 0.13 63 –3.81 0.15 85
Fe II –3.99 0.13 6 –3.95 0.12 5 –3.97 0.17 3 –3.78 0.13 7

Na I −4.14 0.05 2 –3.98 0.04 2 −4.17 1
Mg I –3.73 0.05 3 –3.50 0.36 4 –3.44 1 –3.62 1
Al I −4.80 0.00 2 −4.70 0.03 2 −4.80 0.02 2 −4.82 0.05 2
Si I –3.90 1 –3.55 1 –3.75 1 –3.65 1
Ca I –3.80 0.13 7 –3.48 0.12 12 –3.38 0.10 5 –3.48 0.17 11
Sc II –3.99 0.00 2 –3.76 0.19 6 −4.11 0.06 2 −4.05 0.06 5
Ti I –3.74 0.05 4 –3.61 0.08 9 –3.43 0.20 4 –3.39 0.17 11
Cr I −4.42 0.11 5 −4.38 0.16 7 −4.52 0.05 4 −4.32 0.19 6
Mn I –5.08 0.03 3 −4.56 0.25 5 −4.58 0.28 2 −4.94 0.08 3
Co I –3.67 0.08 3 –3.48 0.06 4 –3.22 0.01 2 –3.34 0.08 2
Ni I −4.20 0.00 2 –3.98 0.05 3 –3.69 1 –3.77 1
Sr II −4.72 0.08 2 –5.50 0.00 2 ≤–6.02 2 –5.27 0.10 2
Y II −4.61 0.03 2 –5.48 1 ≤−4.58 1 −4.33 0.10 2
Ba II −4.73 1 −4.99 2 ≤−4.44 1 –5.24 1
Eu II ≤–3.51 1 ≤–3.51 1 ≤–2.91 1 ≤–3.51 1

e.g. Mg and Ca. 3 stars of our sample have been studied by
Norris et al. (2001).

The equivalent widths they found for the SiI line
at 390.5 nm are similar to what we have found. For 3 of
our 4 stars, we have also measured the equivalent width of the
weak SiI line at 410.2 nm. The deduced abundance is in very
good agreement with the one obtained from the stronger line.
For the 3 stars in common with the Norris’s sample, we find
a very similar [Si/Fe]. For the star CD-24 17504, they obtain a
rather low [Si/Fe] compared to what we determined. This star is
hotter than the other stars and the lines are hence weaker, mak-
ing more difficult an accurate determination of the elemental
abundances.

Figure 7 shows the results of the computation of a bi-weight
scatter estimate (Beers et al. 1990) for elemental ratios in
metal-poor from Carretta et al. (2002) together with the stan-
dard deviation results for our set of data. This Figure illus-
trates how the variation of the dispersion varies as a function
of metallicity. For Mg and Ca, our data confirm and extend
to lower metallicity the measured trend. Si exhibits a much
smaller value of the scatter than has been reported previously
for the most metal-deficient stars. Note that this scatter in Si ob-
tained in the present study is now similar to that measured for
metal poor stars with [Fe/H] ≈ −3.0. We tested the hypothesis
of the low dispersion of the [Si/Fe] ratio in XMP stars using
Monte Carlo simulations. We performed 1000 random choices
of a sample of 4 stars in the data of Carretta et al. (2002) with
a metallicity lower than−3 and computed the probability to
get a [Si/Fe] standard deviation equal or lower than the one
found in our sample of stars. We obtained a probability of less

Table 7.Estimation of the errors.

Element ∆Teff = 100 K ∆ logg = +0.2 ∆ξ = 0.2 km s−1

NaI 0.10 –0.015 –0.03
MgI 0.09 –0.03 –0.09
AlI 0.09 –0.015 –0.03
SiI 0.10 –0.02 –0.13
CaI 0.08 –0.012 –0.01
ScII 0.07 0.05 –0.01
TiI 0.11 –0.014 –0.006
CrI 0.13 –0.016 –0.02
MnI 0.14 –0.015 –0.08
FeI 0.10 –0.02 –0.02
FeII 0.02 0.06 –0.01
CoI 0.13 –0.014 –0.015
NiI 0.12 –0.015 –0.04
SrII 0.06 0.04 –0.04
BaII 0.10 0.02 –0.07

than 5%. We reproduced this exercise with the sample of Ryan
et al. (1996) and found also a very low probability. We per-
formed the same calculation for the [Ca/Fe] ratio. In this case,
we found a probability of 50% for the sample of Ryan et al.
(1996) and 90% for the data of Carretta et al. (2002). These
results are in agreement with what can be guessed from Fig. 7.
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Fig. 6.Abundance ratios of [light metals/Fe] vs. [Fe/H].The panels show the individual data from this paper (open black symbols), (red symbols)
Norris et al. (2001), small circles are data from Carretta et al. (2002), Johnson (2002), Johnson & Bolte (2003), McWilliam et al. (1995),
Fulbright (2000), Ryan et al. (1991, 1996), Gratton & Sneden (1987, 1988, 1991, 1994), Nissen & Schuster (1997), Carney et al. (1997),
Stephens (1999) and Edvardsson et al. (1993). The colors represent the different data sets. An XMP star stands far out the other ones in some
diagrams: this very peculiar star (CS 22949-037, Norris et al. 2002) has been analyzed in Depagne et al. (2002), and is not included in the
computation of the values of the scatter displayed in Fig. 7.
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Fig. 7. Scatter estimates for elemental ratios in metal-poor stars. Symbols in black are from the compilation of Carretta et al. (2002). Red
symbols represent the standard deviation for our set of data.

4.2. Iron peak elements

Figure 8 presents the trends of [Cr/Fe], [Mn/Fe], [Co/Fe],
and [Ni/Fe] vs. [Fe/H] as found in this work, supplemented by
data from the literature. We confirm the overdeficiency of Cr
and Mn relative to Fe as found in stars with [Fe/H] < −2
(McWilliam et al. 1995; Ryan et al. 1996); the observed overd-
eficiency seems to be larger for Mn than for Cr. The decrease
of [Cr/Fe] with decreasing metallicity seems to follow a con-
stant slope, whereas Mn seems to have a more complex be-
havior; a homogeneous analysis of a larger sample of stars (in
preparation) should clarify the situation.

In contrast to Cr and Mn, [Co/Fe] increases with decreasing
metallicity, mirroring the behavior of [Cr/Fe]. The over- and
under-deficiencies of these three iron-peak elements may be re-
produced from nucleosynthesis theory (e.g. Woosley & Weaver
1995; Nakamura et al. 1999; Umeda & Nomoto 2002; Chieffi

& Limongi 2002 and references therein). The trends of Mn,
Cr, Co with [Fe/H] are simultaneously explained by Umeda &
Nomoto (2002) by assuming that Mn and Cr are essentially
produced by incomplete explosive Si burning, and Co by com-
plete Si burning. It is further assumed that the position of the
mass cut depends on the mass of the progenitor and that this
mass determines the energy of the explosion and the volume
of hydrogen swept by the ejecta; for the more massive super-
novae, the volume of H is then sufficiently large to produce a

low Fe/H ratio. This theory does not, however, predict the ac-
tual values of Cr/Fe, Mn/Fe, Co/Fe, Ni/Fe and Sc/Fe correctly
and simultaneously. Woosley & Weaver (1995) have more suc-
cess for some elements, but less for others; about the same ratio
of success to failure is found for Chieffi & Limongi (2002), but
for different elements. Data for a larger sample, including the
crucial element Zn (in preparation), should help to define a cor-
rect explanation.

4.3. Heavy elements

Our results for [Sr/Fe], [Y/Fe], [Ba/Fe], and [Eu/Fe] are pre-
sented in Fig. 9. The mean overdeficiency of thes-elements Sr,
Y, and Ba is large in our extremely metal-poor stars. The overd-
eficiency of [Ba/Fe] is confirmed at a level ranging from−0.8
to −1.6). The scatter in [Sr/Fe] found previously (Ryan et al.
1991) in the metallicity range−3.5 ≤ [Fe/H] ≤ −2.5 remains
large in the XMP stars. It is therefore difficult to derive a mean-
ingful trend for Sr, and at least two different production pro-
cesses for Sr have been proposed by McWilliam (1998), see
also Ishimaru & Wanajo (2000). The XMP stars do, how-
ever, help to define an overall trend for the Sr/Fe – a contin-
uous decrease on average. For [Y/Fe], our XMP stars show
a decrease with [Fe/H], whereas no clear trend (except more
spread) appears for less metal-deficient stars. In contrast, the
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Fig. 8. Abundance ratios of [Fe-peak elements/Fe] vs. [Fe/H]. Symbols as in Fig. 6.

Fig. 9. Abundance ratios of [neutron capture elements/Fe] vs. [Fe/H]. Symbols as in Fig. 8. Data from Gilroy et al. (1988), Hill et al. (2002)
and Sneden et al. (2000) have been added.
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Fig. 10. [Sr/Ba] and [Ba/Eu] abundance ratios vs. [Fe/H]. Symbols as in Fig. 8.

strong decrease of [Ba/Fe] seems to flatten, in agreement with
the more extreme metal-poor stars data of McWilliam (1998)
plotted by Tsujimoto et al. (2000). It is also in agreement with
the results of Norris et al. (2001).

Figure 10 shows the variation of the [Sr/Ba] and [Ba/Eu] ra-
tios as functions of [Fe/H]. Note that the scatter in the
[Sr/Ba] ratio is much lower than in [Ba/Fe] and [Sr/Fe], as also
found by Norris et al. (2001). Figure 7 shows cleary the de-
crease of [Sr/Ba] scatter in our sample. As what was done for
the [Si/Fe], we performed 1000 random selections of a sample
of 3 stars in the data of Johnson & Bolte (2003) and com-
puted the probability to get a [Sr/Ba] standard deviation equal
or lower than the one found in our sample of stars. We ob-
tained a probability lower than 3% to get a low dispersion.
The discrepant star in the data of Norris et al. (2002), with
[Sr/Ba] = 0.94, is CS 22949-037, a very peculiar object ex-
hibiting strong anomalies in C, N, O, Mg, and Na (see Depagne
et al. 2002; Norris et al. 2002). It is also interesting to note
that the [Sr/Ba] ratio is found to be Solar in our XMP stars,
whereas overabundances up to'+1 dex have been found in
the metallicity range−3.4 ≤ [Fe/H] ≤ −2. The right-hand
panel of Fig. 10 demonstrates the difficulty of measuring Ba
and Eu abundances simultaneously in XMP stars; more data in
the metallicity range−2.8 > [Fe/H] > −3.5 are clearly needed.

5. Conclusion

High-resolution high-S/N spectra from the ESO-VLT and
UVES spectrograph have been used to derive homogeneous
abundance ratios of 16 elements in 4 extremely metal-poor
(XMP) stars. Theα elements are overabundant relative to
iron by 0.2–0.4 dex, as has been found by other authors.
Although our sample is small, the large scatter previously
found for [Mg/Fe] and [Si/Fe] in the metallicity range−3.5
to −2.5 does not seem to continue at [Fe/H] ' −4, as also
indicated by the study of Carretta et al. (2002). The contin-
uous decrease of [Cr/Fe] and [Mn/Fe] with decreasing [Fe/H]
is confirmed by our XMP stars, as well as the opposite trend
for [Co/Fe]; we find [Cr/Fe] ' −0.5 and [Cr/Fe] ' +0.5
at [Fe/H] ' −4, with a very small dispersion. [Sr/Ba] is
found to be solar, in agreement with the results of Norris et al.
(2001). The very small dispersion we find for [Sr/Ba] in these
XMP stars contrasts sharply with previous results for more

metal-rich stars. The computations of Audouze & Silk (1995)
and Ryan et al. (1996) suggest that stars of metallicity as low
as [Fe/H] = −4 were formed from primordial gas polluted by
one or just a very few Pop. III supernovae. The present results
suggest that most of these supernovae produced a remarkably
uniform mixture of heavy elements which were subsequently
mixed with varying amounts of pristine gas, although equally
remarkable exceptions exist (see, e.g. Hill et al. 2002 and
Depagne et al. 2002 and references therein). These results,
if confirmed for a larger sample, provide strong constraints
on any models for the chemical yields of the first supernovae
and the early chemical evolution of our Galaxy. It is therefore
important to increase the number of high-quality analyses of
XMP stars to increase the sample of abundance data with small
observational errors.
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