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We report on new abundance determinations for the neutptuce elements Cd | (Z=48), Lu Il
(Z=71) and Os Il (Z = 76) in the-process enriched star BD + 17 3248. These abundances are
derived from an ultraviolet spectrum obtained with the Sp@elescope Imaging Spectrograph
on the Hubble Space Telescope. These are the first detecfidhese elements in metal-poor
r-process enriched halo stars. In addition to the HST obtensawe have obtained new abun-
dance measurements of the elements Mo |, Ru | and Rh |, basedHigh Resolution Echelle
Spectrograph observations with Keck. Combining these aendqus observations, we have now
detected 32r-capture elements in BD +17 3248 - this is the most of any natal halo star

to date. The lighten-capture elements (38 Z < 48) appear to show a pronounced odd-even
effect. New Hf | abundances from transitions in the UV wemsoalerived and they were lower
than previous values based upon optical transitions. TiweHfe@bundance agrees better with the
scaled Solar systemprocess distribution. We also derive an age for this staetbapon the Th
11/0s 1l chronometer, which is in better agreement with tige derived from other chronometers
than the age derived using Th II/Os I.

11th Symposiumon Nuclei in the Cosmos, NIC XI
July 19-23, 2010
Heidelberg, Germany

*Speaker.
TFunding for this project has been generously provided by.NSF

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



New Element Abundance Deter minations John J. Cowan

1. Introduction

Abundance determinations of the neutron-capture (akayfhedements in metal-poor halo
stars are fundamentally important to our understandingn@fearly history of the Galaxy and the
Universe. These elements are synthesized in either the(slawrapid ¢) neutron-capture process
in generations of stars preceding the halo stars[1]. IngbEseveral decades increasing numbers of
elements have been detected in an ever larger number of Btateermore, these abundance deter-
minations have become much more accurate as a result of gttemore) high-resolution obser-
vations that have taken advantage of increasingly pregigerenental atomic physics data[2, 3].
This in turn has provided a more complete understandingehtture of the earliest nucleosyn-
thetic processes and clues to the identities of the firstrgéinas of stars in the Galaxy and the
Universe.

2. New Elemental Abundance Detections

Recently Roederer et al.[4] have employed the Hubble Spealesdope (HST) to detect CD |
(Z2=48), Lull (Z=71) and Os Il (Z = 76) in the metal-pooiprocess enriched halo star BD+17
3248. We show in Figure 1 (left) the spectra of three weldigd halo stars: BD+17 3248, HD
122563 and HD 115444 in the region around an Os Il and a Cd.ITihere are clear detections of
Os Il in BD+17 3248 and HD 115444, but not in the bright, bydrocess poor, star HD 122563.
We see in the lower panel that Cd | is detected in all threesstarthe right side of Figure 1 we
illustrate the fit of synthetic spectra to the actual spect@D+17 3248 and HD 122563. In the
top panel the best fits (bold lines) are shown for Os II, Cd llamd lines in BD+17 3248, with the
corresponding lines for HD 122563 shown in the bottom panileé plots also illustrate (with a thin
line) a synthesis with the species of interest removed aridtians @ 0.3 dex) around the best fit
(dotted lines). These syntheses demonstrate the detedt@a Il, Cd | and Lu Il in BD+17 3248
and Cd I and Lu Il (but not Os 1) in HD 122563. These UV obsdora were the first detections
of these neutron-capture species in metal-poor starshertiby ther-process.

3. Discussion

The new observations of [4] indicate a clear contrast batviegoor) HD 122563 and {rich)
BD+17 3248. In the case of HD 122563 there is a dramatic falinathe elemental abundances
as a function of atomic number with no detection of the heasiements like Hf and Os ([5, 4].
The newly determined Cd abundance reaffirms this downwarditbetween the first and second
r-process peaks, while the Os upper limit is not strong endogixclude a scaled solar system
process pattern. This abundance trend can be interpretatiasomplete-process in the material
that was injected into the gas that formed HD 122563. Thigesig that there were insufficient
neutron fluxes (in the astrophysical synthesis site) to niavé&om the valley of3-stability or to
reproduce the total solar systeaprocess curve - in other words therocess path was not in the
correct place to be able to synthesize the heaviest elerardt® reproduce the (second and third)
r-process abundance peaks (see [6] for further discussithe ofprocess.)
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Figure1: (left) Spectra of BD+17 3248, HD 122563 and HD 115444 shovixsgl and Cd | lines. (right)
Synthetic spectral fits to the spectra of BD+17 3248 and HD6632 The bold lines indicate the best fit,
dotted lines indicate: 0.3 dex from the best fit, and the thin line indicates a nora&in. (Both figures
after [4].)

To supplement the new HST observations of BD+17 3248 additiHigh Resolution Echelle
Spectrograph) Keck data was analyzed by [4]. That analysigged new abundance determina-
tions for then-capture species Mo |, Ru | and Rh | in this star. These bring2t¢not counting
Ge) the number ofi-capture elemental abundance detections in BD+17 324& i tihe most of
any metal-poorr-process-rich halo star to date - beating CS 22892-052 by\eeaote that HST
observations of very low-metallicity halo stars ([7]) indte that Ge appears to scale with iron pro-
duction. This has led to suggestions of neutrine,(v-p) processes in supernovae as the synthesis
mechanism for this element ([8]), at least early in the mstd the Galaxy. At later Galactic times
(and higher metallicities) the-process makes significant contributions to the produatibthis
element ([1]).

We show the totah-capture elemental abundance distribution for BD+17 324Bigure 2.
These abundances are compiled from the observations of 29,10, 4]. Abundance comparisons
with solar systenr-process only predictions ([11, 1]) are also illustratedhia figure. It is clear
that for the heaviest-capture elementsi.¢€., Ba and above), the abundance distribution in BD+17
3248 is an excellent fit to the solar systefprocess abundances from either [11] or from [1]. This
includes in particular a new abundance determination folRévious observations of optical lines
for this element indicated an abundance above the sola@mysprocess line by approximately
log € = 0.15-0.25 ([12, 10, 2]). The new NUV abundance determimafdr Hf Il in BD+17 3248
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indicates a lower value, and one that is now in good agreemiémthe solar system curve.

Examination of Figure 2 indicates that the lightecapture elemental abundances are not in
close agreement with the solar systeqmrocess curve. This has been seen in other stars as well, for
example CS 22892-052 ([13]). There have been many suggsdtio explaining the synthesis of
these elements from Sr-Ba, including the “weabrocess” ([14]), a light element primary process,
LEPP ([15, 16]) thev-p process ([8]), or a combination of several of these pmEeshat might
also include the main-process, charged particle processes or the wgmkcess ([17]). Recently,
dynamical calculations simulating the conditions in thghhentropy winds (HEW) from a core
collapse supernova were (encouragingly) able to reprotlueeSr-Pd elemental abundances in
BD+17 3248 [18]. But further calculations and comparisorishe needed to reproduce the even-
odd effect of the cadmium and silver abundances.

The newly determined Os Il abundance value in BD+17 3248 eantitized as part of the
chronometric pair Th 11/Os |l to provide radioactive ageirsites. Assuming initial production
ratios from [14], the age range derived (7.9-12.3 Gyr), hilll large, is more consistent with other
stellar chronometric age estimates ([10]) than that baped the ratio of Th II/Os I. Reducing the
Os Il abundance uncertainty could lead to more precise ageates for this star.

Our new HST abundance determinations of Cd I, Lu Il and OsBD*17 3248 are the firstin
r-process enriched halo stars and have expanded the totakenwim-capture elements detected to
32 - the most of any of these stars to date. These latest elehaeterminations are providing new
clues and information about the synthesis processes arilghgenerations of stars that occurred
early in the history of the Galaxy.
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Figure 2: N-capture element abundances in BD+17 3248 [9, 7, 2, 10, paned with two solar system
r-process only predictions [1, 11].
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