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Abstract. We present the results of analysis of “snapshot” spectra (i.e., R=20,000 and S/N=>50
per pixel) of 253 metal-poor halo stars —3.8 <[Fe/H]< —1.5 obtained in the HERES survey. The
spectra are analysed using an automated line profile analysis method based on the Spectroscopy
Made Easy (SME) codes of Valenti & Piskunov (1996). Elemental abundances of moderate
precision (absolute r.m.s. errors of order 0.25 dex) have been obtained for 22 elements, C,
Mg, Al, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn, Sr, Y, Zr, Ba, La, Ce, Nd, Sm, and Eu,
where detectable. The results are presented and discussed, particularly trends and scatter in
the abundance distributions.
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1. Introduction

In this paper we present and discuss elemental abundances of a large sample of metal-
poor halo stars obtained as part of the Hamburg/ESO R-process Enhanced Star (HERES)
survey. An overview of the HERES survey has been presented in Christlieb et al. (2004),
and in these proceedings. The abundance results presented and discussed here will appear
in Barklem et al. (2005). That paper may be consulted for details of the observations
and the spectrum analysis, and more detailed discussion of the results.

To briefly summarise, “snapshot” spectra (typically S/N ~ 54, R ~ 20000, A = 3760
4980 A) of 373 metal-poor stars, here meaning with [Fe/H] < —1.5 as judged from
medium resolution spectra, have been obtained with VLT2-UVES, with the main goal of
finding stars enhanced in the r-process elements through detection of strong Eu II lines.
Though the spectra are of what would generally be considered low quality for abundance
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Figure 1. (Left panel) The T versus log g Kiel diagram for the sample. The diameter of the
circle for each star is proportional to [C/Fe]; cases where C is undetected are shown with an
asterisk. The mean error bar is shown in the bottom right. (Right panel) The distribution of
analysed stars in [Fe/H].

analysis, they contain a wealth of information and abundances may be derived for a
significant number of elements with moderate precision. We have analysed a total of 253
1 of the spectra using an automated spectrum analysis technique. The analysed sample
of 253 stars covers a large stellar parameter space as shown in Fig. 1.

2. Spectrum Analysis

The automated analysis method is described in detail in Barklem et al. (2005). The
basic method is based on the Spectroscopy Made Easy (SME) code of Valenti & Piskunov
(1996) which uses a non-linear least squares parameter estimation algorithm to match
observed spectra with synthetic spectra in selected comparison wavelength regions. The
synthetic spectra are computed under the assumption of LTE using MARCS theoretical
1D plane-parallel model atmospheres (Gustafsson et al. 1975 and subsequent updates).

The new code takes all relevant input data (spectrum, line list, initial guess stellar pa-
rameters and abundances) and provides it to the parameter optimisation component of
SME without any need for user interaction. The main tasks of the new interface software
are, in a completely automated fashion, to extract relevant spectral regions appropriate
for the line list, to identify continuum points and normalise the spectra relative to the
continuum, to make small adjustments (within the error of the wavelength calibration)
to line central wavelengths such that they match the observed line centres, and to reject
lines polluted by artifacts such as cosmic ray hits. The stellar effective temperature is
determined from photometry, while the remaining model atmosphere parameters log g,
[Fe/H], and turbulent line broadening parameters are solved using Fe and Ti lines, follow-
ing which abundances for other elements are solved. For this, a list of spectral features,
atomic and molecular data and comparison regions suitable for the stars of interest has
been assembled. The list contains several hundred spectral features and includes the
latest f values, hyperfine and isotopic structure data from the literature. The results
are then extracted, error estimates calculated and valid detections assigned, again by an
automated procedure.

T 72 stars were rejected because the CH bands were too strong for the present analysis. 48
stars were too cool or Fe-rich, suspected rotators or binaries, or no photometry was available.
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Table 1. Comparison of measured scatter in Fig. 2 with relative errors in the abundance ratios.
For each plot we report the minimum, mean and maximum measured 1o scatter omeas across
the range of [Fe/H], which is compared to the average relative error in the abundance ratio o™,
The ratio of the mean measured scatter to the estimated error (omeas)/ o™ is also reported.

min(ameas) <0'meas> max(ameas) O_rel <Jmeas>/grel
C/Fe] 0.22 0.32 0.53 0.18 1.73
Mg/ Fe] 0.07 0.09 0.12 0.15 0.59
Al/Fe] 0.17 0.20 0.21 0.17 1.13
Ca/Fe] 0.08 0.09 0.10 0.15 0.59
Sc/Fe] 0.09 0.1 0.13 0.16 0.69
Ti/Fe] 0.08 0.09 0.12 0.15 0.61
V /Fe] 0.06 0.09 0.11 0.15 0.60
Cr/Fe] 0.10 0.12 0.14 0.16 0.72
Mn,/Fe] 0.13 0.16 0.21 0.16 1.03
Co/Fe] 0.10 0.1 0.13 0.16 0.71
Ni/Fe] 0.12 0.14 0.17 0.18 0.80
Zn/Fe] 0.08 0.15 0.19 0.15 1.01
Sr/Fe| 0.19 0.32 0.59 0.19 1.71
Y/Fe] 0.21 0.25 0.32 0.17 1.47
Zr /Fe] 0.13 0.19 0.23 0.16 1.18
Ba/Fe] 0.37 0.50 0.69 0.18 2.77
Eu/Fe] 0.21 0.37 0.62 0.16 2.34

3. Results

It was found that for the typical snapshot spectra, abundances of moderate precision
(absolute r.m.s. errors of order 0.25 dex, relative r.m.s. errors of order 0.15 dex) can be
obtained for 22 elements, namely C, Mg, Al, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn, Sr, Y,
Zr, Ba, La, Ce, Nd, Sm, and Eu where detectable. Fourteen elements, C, Mg, Al, Ca, Sc,
Ti, Cr, Mn, Fe, Co, Ni, Sr, Y and Ba, are almost always detectable at the 3¢ level in the
spectra. Another eight elements are analysed, V, Zn, Zr, La, Ce, Nd, Sm and Eu, which
can usually only be detected in the spectra of the least metal-poor stars of our sample,
spectra with higher than usual S/N, if the abundance is enhanced, or a combination of
these factors.

It is worth emphasising that some care must be taken in interpreting the results pre-
sented here involving elements which are not always, or even usually, detected in our
spectra, which may lead to selection effects. Thus, particular care must be taken in inter-
preting results involving V, Zn, Zr, La, Ce, Nd, Sm and Eu, as the data are incomplete.

4. Discussion
4.1. Abundance Trends and Scatter with Metallicity

The abundance ratio trends of [X/Fe] with [Fe/H] have been plotted in Fig. 2 for elements
with a reasonable number of detections. The estimated 1o scatter in the y-variable is
shown (see Barklem et al. (2005) for details). In Table 1 we compare the mean measured
scatter in [X/Fe], across the range of [Fe/H], with the average error estimates. The
minimum and maximum measured scatters are also reported to give an indication of the
range of variation with [Fe/H]. Similar results are obtained using Mg as the standard
reference element instead of Fe (see Barklem et al. (2005)).

For Mg, Ca, Sc, Ti, Cr, Fe, Co, and Ni, the measured scatters are slightly less than
the scatters expected from the typical estimated relative error in the abundance ratios,
suggesting that our computed errors overestimate the real relative error. Bearing in mind
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Figure 2. Abundances ratios [X/Fe] plotted against [Fe/H] for elements with significant numbers
of detections. Full lines show estimated 1o scatter. The average relative error bars are shown in
the bottom left. Note differing scales on the y-axes.

the difficulties in accurately calculating the errors, this suggests that the cosmic scatter
is small (or even non-existent) at these metallicities. The results for Al, V, Mn and Zn
are less clear. The elements C, Sr, Y, Ba and Eu, and perhaps Zr, show scatter at low
metallicities, [Fe/H] < —2.5, significantly larger than can be explained from the errors in
the analysis, implying the scatter is cosmic in origin. At higher metallicities the scatter
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Figure 3. A plot of [Ba/Eu] vs [Fe/H] (left panel) and [C/H] (right panel). The horizontal
full line shows the pure solar r-process value, computed from the solar r-process fractions of
the Arlandini et al. (1999) stellar model, and the dashed line the solar s-process value. The
pure r-IT stars ([Ba/Eu] < 0, [Eu/Fe] > 1) are shown as stars, the r-I stars ([Ba/Eu] < 0,
0.3 < [Eu/Fe] < 1) as diamonds, the pure r-process stars without excess r-process elements
([Ba/Eu] < 0, [Eu/Fe] < 0.3) as triangles, the s-II stars ([Ba/Eu] > 0, [Eu/Fe] > 1) as asterisks,
and the two remaining s-process-rich stars ([Ba/Eu] > 0, [Eu/Fe] < 1) as squares. The average
relative error bar is shown in the bottom left.

among the non-C-rich stars does not greatly exceed that expected from the errors in the
analysis, but perhaps indicates some cosmic scatter.

4.2. Neutron-Capture Elements, Sr-Fu

Figure 3 plots [Ba/Eu] against Fe and C abundances. The plots show a clear separa-
tion between two groups in the halo, a separation which correlates with C enrichment.
This distinction was first seen in McWilliam (1998), though with fewer stars. The scatter
among the pure r-process stars ([Ba/Eu] < 0) is consistent with the observational un-
certainties and we thus conclude that the cosmic scatter in Ba/Eu among pure r-process
halo stars is small. This implies that the Ba/Eu abundances produced by the r-process in
the early Galaxy are universal. Our result seems to be in disagreement with that found
at low metallicities by Truran et al. (2002), who compiled data from a number of studies,
and found a large scatter in Ba/Eu. They noted the difficulties in analysing Ba in metal-
poor spectra due to dependence on hyperfine and isotopic structure and microturbulence.
This is particularly problematic when combining data from different studies. Our data
on the other hand are homogeneously analysed, but the Eu abundances are incomplete
and biased towards stars with strong r-process enhancement.

The production of light neutron-capture elements (particularly Sr, Y, Zr) versus heavy
neutron-capture elements (such as Ba, Eu), has become a topic of interest due to evidence
of production of the former without significant production of the latter, e.g. McWilliam
(1998), Burris et al. (2000), Truran et al. (2002), and others. Figure 4 plots [Sr/Ba] against
Fe and C abundances. Significant scatter is seen in Sr/Ba at low metallicity, as found by
McWilliam and Burris et al. Even among the pure r-process stars, a significant amount
of scatter is seen at [Fe/H] < —2.5. The scatter appears to increase quite uniformly with
decreasing [Fe/H], the data showing quite clear upper and lower boundaries, apart from
a small number of outliers which are usually C enhanced.
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Figure 4. A plot of [Sr/Ba] vs [Fe/H] (left panel) and [C/H] (right panel). Symbols and lines
have the same meanings as in Fig. 3, with circles representing stars where Eu is undetected.
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