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Abstract. We report on a dedicated effort to identify and study metal-poor stars that are
strongly enhanced in r-process elements ([r/Fe] > +1.0 dex; hereafter r-II stars), the Ham-
burg/ESO R-process Enhanced Star survey (HERES). In a sample of 253 confirmed metal-poor
stars for which “snapshot” spectra (R ∼ 20, 000; S/N ∼ 50/1 per pixel) were obtained with
VLT/UVES, and abundances were determined in an automated fashion using the methods of
Barklem et al. (2005), we identified eight new r-II stars. They are now being studied in detail
by means of higher resolution and S/N spectroscopy. The new r-II stars have metallicities in
the range −3.2 < [Fe/H] < −2.6. Future searches for r-II stars should therefore focus on stars in
this [Fe/H] range. Moderately r-process enhanced stars (i.e., +0.3 dex < [r/Fe] < +1.0 dex; r-I
stars) were found at metallicities as high as [Fe/H] = −1.5. The [Fe/H] ranges in which r-I and
r-II stars can be found may provide an important constraint for the identification of the site(s)
of the r-process(es).

Keywords. stars: abundances – stars: Population II – Galaxy: abundances – Galaxy: evolution –
Galaxy: halo

† Based in large part on observations collected at the European Southern Observatory,
Paranal, Chile (proposals number 68.B-0320 and 170.D-0010).
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1. Introduction
The two currently largest wide-angle spectroscopic surveys for metal-poor stars are the

HK survey of Beers and collaborators (Beers et al. 1985, 1992), and the Hamburg/ESO
Survey (HES; Wisotzki et al. 2000; Christlieb 2003). So far, more than 300 stars confirmed
by moderate-resolution spectroscopy to have [Fe/H] < −3.0 have been identified in these
surveys (see Beers et al., this volume). In the HES, the two most iron-deficient stars,
HE 1327−2326 ([Fe/H]NLTE = −5.4; Frebel et al. 2005; Aoki et al., in preparation; see
also Frebel et al., this volume) and HE 0107−5240 ([Fe/H]NLTE = −5.3; Christlieb et al.
2002, 2004) have been found.

Many astrophysical studies require investigations of sub-classes of metal-poor stars.
For example, for nucleochronometric age dating, and/or studies of the r-process, metal-
poor stars with moderate (0.3 � [Eu/Fe] � +1.0 and [Ba/Eu] < 0; hereafter r-I stars)
or strong ([Eu/Fe] > +1.0 and [Ba/Eu] < 0; hereafter r-II stars) enhancements of r-
process elements are most suitable. In this contribution we report on a dedicated effort
to identify such stars by means of “snapshot” spectroscopy; i.e., spectra with R ∼ 20, 000
and S/N ∼ 50/1 per pixel.

2. HERES
The Hamburg/ESO R-process Enhanced Star survey (HERES; Christlieb et al. 2004;

Barklem et al. 2005) is an ESO Large Programme carried out with VLT UT2/UVES.
A total of 373 confirmed metal-poor stars, including four comparison stars, have been
observed in “snapshot” mode. The spectra cover a wavelength range of 3760–4980 Å. Typ-
ical exposure times were ∼ 15 min for a B = 15 mag star, and the targets were observable
under unfavourable weather conditions (i.e., bad seeing, thin cirrus, full moon).

The metallicity range covered by the HERES sample is −3.8 < [Fe/H] < −1.5; 63 of
the stars have [Fe/H] > −2.5. The higher metallicity stars where included in order to
investigate over what [Fe/H] range the r-I and r-II phenomena occur. The magnitude
range covered by the full sample is 10.9 < B < 17.9, and 83 % of the stars are brighter
than B = 16.5 mag, so that higher quality spectra of these stars can be obtained with
8 m-class telescopes within reasonable exposure times.

Table 1. New r-II stars discovered in the HERES project. An entry “y” in the column “hq”
indicates that high-quality data has been or will soon be obtained for the star.

Star V B − V R.A. Dec Teff log g [Fe/H] [Eu/Fe] [Ba/Eu] hq

CS 29491-069 13.075 0.600 22 31 02.3 −32 38 31 5100 2.5 −2.81 1.06 −0.71 y
CS 29497-004 14.034 0.705 00 28 06.6 −26 03 03 5010 2.2 −2.81 1.62 −0.41 y
HE 0430-4901 14.572 0.584 04 31 31.1 −48 54 42 5300 3.1 −2.72 1.16 −0.65 n
HE 0432-0923 15.165 0.732 04 34 25.6 −09 16 50 5130 2.6 −3.19 1.25 −0.53 y
HE 1127-1143 15.885 0.8 11 29 50.5 −12 00 13 5220 2.6 −2.73 1.08 −0.45 n
HE 1219-0312 15.940 0.641 12 21 34.1 −03 28 40 5140 2.4 −2.81 1.41 −0.91 y
HE 2224+0143 13.680 0.714 22 27 23.0 +01 58 33 5200 2.7 −2.58 1.05 −0.46 n
HE 2327-5642 13.881 0.709 23 30 37.2 −56 26 14 5050 2.2 −2.95 1.22 −0.56 y

3. Results
A total of 253 stars of our sample were analysed with the automated methods of

Barklem et al. (2005, see also this volume). In this subsample, we found 35 new r-I and
eight new r-II stars. The latter are listed in Table 1. For five of them, high-quality spectra
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either have been obtained, or will be obtained soon. The results for all 253 stars, their
coordinates, and photometry, can be found in Barklem et al. (2005).

In one of the stars for which we already have higher-quality VLT/UVES data, CS 29497-
004, we detected uranium (Hill et al. 2005, in preparation).

As stated above, we define the r-I and r-II phenomena by the [Eu/Fe] and [Ba/Eu]
ratios. However, due to the limited quality of the snapshot spectra, we cannot detect
any Eu lines in stars with moderate [r/Fe] and low [Fe/H]. For such stars, and where the
s-process contribution is likely to be small (i.e., [Fe/H] < −2.5 and [C/Fe] < 0.3), we
instead use Ba as an indicator for [r/Fe] by comparing the measured Ba abundance with
[Ba/Fe]r−process, the solar r-process fraction of Ba (see Barklem et al. 2005):
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)

≡ [Ba/Fe] + 0.72

We use the solar abundances of Grevesse & Sauval (1998) and the r-process fractions of
Arlandini et al. (1999).

The distribution of r-I and r-II stars in the [Ba/Fe]r−process versus [Fe/H] diagram
is shown in Figure 1. It appears that the r-II phenomenon is confined to the range
−3.2 < [Fe/H] < −2.6, while moderate r-process enhancements are also seen at higher
[Fe/H]. If we assume that the r-process elements of the r-II stars have their origin in
a single nucleosynthesis event, it follows that the ratio of iron to r-process elements
produced in this event must be in a certain range, e.g. log ε (Fe/Eu) = 5.3–5.9. This
might provide an important constraint for identifying one of the sites of the r-process.

4. Conclusions
Previously, four r-II stars were known: CS 22892-052 (Sneden et al. 1996), CS 31082-

001 (Cayrel et al. 2001), CS 22183-031 (Honda et al. 2004), and HE 1226−1149 (Cohen
2005, private communication). With the eight new r-II stars found in the HERES effort,
we have increased the total number of such stars by a factor of three, to now twelve. The
HERES results thus demonstrate that it is feasible to efficiently identify r-II and other
interesting stars by means of snapshot spectroscopy.

All known r-II stars have metallicities in the range −3.2 < [Fe/H] < −2.6, while r-I
stars can be found at metallicities as high as [Fe/H] = −1.5. This needs to be taken into
account for future searches for such stars, and it may provide an important constraint
for the identification of the site(s) of the r-process(es).
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Figure 1. A plot of the enhancement of r-process elements relative to Fe and the Sun, versus
[Fe/H]. Stars in whose spectra we have detected Eu are shown as filled symbols: r-II stars as
stars, r-I stars as diamonds, and stars with [Ba/Fe] < 0.0 and [Eu/Fe] < 0.3 as triangles. For
these, we plot [Eu/Fe] instead of [Ba/Fe]r−process (see text for the definition). The r-II stars are
those listed in Table 1 and the two comparison stars CS 22892-052 and CS 31082-001. Open
circles show stars having [C/Fe] < 0.3 and [Fe/H] < −2.5, and for which we do not have a
significant detection of any Eu lines.
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Norbert Christlieb, exposing the results of HERES, a survey for r-process enhancement
among metal-poor stars.

Satoshi Honda presenting the results of heavy elements studies at Subaru.
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