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We have been determining abundances of the actinide elefterdas well as of other heavy
neutron-capture elements, based on high resolution specipy with Subaru Telescope High
Dispersion Spectrograph (HDS) and Gunma Astronomical @basary Echelle Spectrograph
(GAOES). Our sample covers wide metallicity rang&(5 <[Fe/H]< +0.3). The Th abundances
are determined mostly using the Th 5989 A line, which is Iéfescted by blending of other ele-
ments than the 4019 A one that has been used in previous stfdiery metal-poor stars. The
preliminary results of our measurements are presented Ty abundance ratios of our sam-
ple show no significant scatter, and the average is sligbiet than the solar-system value. This
result suggests that the actinide production by the r-p®de®es not show large dispersion, or
mixing of interstellar matter before formation of these ahgtoor stars is very efficient. The
Th/Eu ratios in relatively metal-rich ([Fe/H] —1) stars show some scatter, and the average is
higher than found in metal-poor stars. This suggests tlestettmetal-rich stars include young
objects where decay of Th is less significant.
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1. Introduction

The actinide Th is a key element to understand the production of heavy étehyenprocess
neutron-capture reactions. Indeed, model calculations of the rgs@cedict that the production of
r-process elements is sensitive to the model parameters correspondiagamttition of r-process
site (e.g. Wanajo & Ishimaru [1]).

The difficulties in observational studies of Th abundances are the weskii spectral lines
in the optical range, and also contaminations of spectral features ofedémeents and molecules,
in particular to the Th 4019 A line that has been used in most of previous stugbe this reason,
measurements of Th have been limited to very metal-poor stars with large enfiamts in neutron-
capture elements (see Roederer et al.[2] and references thereimjot&Vthat efforts to measure
Th abundance from the 4019 A line have been made for objects with solalioitgt{8], but the
uncertainty due to the blending is inevitable in the analysis.

In order to investigate the enrichment of Th in the Milky Way Galaxy coveriwiga metallic-
ity range, we have been extending the measurements to higher metallicity thaouphestudied.
The Th 5989 A line is useful for this purpose, because the line is detedtabtel giants (with
effective temperatures lower than 4500 K), and the line is little blended withr éelagures [4].
This article presents the preliminary results of our measurements obtaimechigh resolution
spectra with the Subaru Telescope High Dispersion Spectrograph @&aS3unma Astronomical
Observatory Eschelle Spectrograph (GAOES).

2. Measurements of Th abundances

Our targets are bright red giants (most of them héve 10) with low effective temperature
(< 5000K). The Subaru spectra were obtained in a service program in 2008 wékodving
power R) of 90,000, or in observing runs of other programs during twilight or iorpeeather
conditions withR > 50,000. The GAOES spectra were obtained with- 70,000 for bright and
less metal-poor stars.

Standard abundance analyses have been made for Fe and other eléherdffective tem-
peratures are estimated from coldvs{ K) or adopted from literature. We note that the abundance
ratios between Th and other neutron-capture elements (e.g. Eu) aemaibive to the adopted stel-
lar parameters, while the metallicity (Fe abundance) is rather dependet estithate of effective
temperature.

Th abundances have been measured from the Th 11 4019 A line for rhosttal-poor stars
in previous studies. This line is, however, severely blended with othergiie lines in mildly
metal-poor stars studied in the present work (upper panel of Figula &uch stars (in particular
cool red giants), the Th 11 5989 A line is sufficiently strong for abun@ameasurements. This line
is almost free from contaminations of other species in metal-poor stars (f@met of Figure 1;
see also Aoki et al. [6]). We measured Th abundances for X starstfie Th 5989 A line. The
atomic line data of Nilsson et al. [5] are adopted. The Eu abundancelsammeasured from the
lines in the red region (e.g. Eu 11 6036 A, 6645 A).
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Figure 1: Examples of Th Il lines at 4019 A and 5989 A detected in the Bubpectra of BD+3R2611
(filled circles). The solid lines are calculated spectratiioee different Th abundancesipge = 0.15 dex),
while the dotted line means that for no Th contribution. THhelT5989 A line is sufficiently strong for
measurements in this cool metal-poor giant (effective tnafpire of 4250K, [Fe/H]=-1.4), while the Th Il
4019 A is highly contaminated by other species.

3. Enrichment of Th in the Galactic halo

We here discuss the Th/Eu abundance ratios in metal-poor stars. Eu in oetatgrs rep-
resents the yields of r-process by progenitors. Hence, the Th/Euabce ratio is determined
by the production of these two elements by r-process and the decay diVémote that, while
these heavy elements in extremely metal-poor ([Fe/H]3) stars might be supplied by a single
r-process event, those of less metal-poor stars ([Fe/H2) would be integration of the products
of many events.

Figure 2 shows a preliminary result of the Th/Eu abundance ratios astdiuiof metallicity
for our sample (filled symbols) and those determined by previous studies @iqgles). Our study
covers the metallicity range of [Fe/H]—2.5. The red solid line indicates the average of Th/Eu for
0.5 dex metallicity bins and the bars mean their standard deviations.

We found that the Th/Eu ratios at the metallicity around [Fe/H]2 are slightly lower than
the solar value. This suggests that the Th/Eu ratio produced by the egsratatistically agrees
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Figure 2: A preliminary result of the abundance ratios of Th/Eu arenshéor our sample (filled circles
and triangles: Subaru/HDS results; filled diamonds: GAO&stilts) and others (open circles: Roederer et
al. [2] and references therein). The filled triangles arectsj suggested to be thick disk stars. The solid

horizontal line is the Th/Eu ratio of solar-system materidie red solid line indicates the average of Th/Eu
for 0.5 dex metallicity bins and bars mean the standard teus

with the value estimated for the initial solar composition, but larger amount of $hlbeayed in
these stars. This is an expected result because these metal-poorestaetiemed to be formed
in the early phase of the Milky Way formation. It should be noted that, forildet@omparisons
between our results from the Th 11 5989 A line and previous ones baséteat019 A line, more
careful calibration of the abundance measurements from the two linesiisagq

The small scatter of Th/Eu in the metallicity rang® <[Fe/H]< —1 possibly implies that
mixing of interstellar matter in the Milky Way halo was already efficient. By comtissme star-
to-star scatter of Th/Eu is found in extremely metal-poor ([Fe/H]2.5) stars studied by previous
work. This would indicate that the chemical abundances of these extremtirpoer stars reflect
the yields of a limited number of r-process events (or even a single evetajestingly, the average
of Th/Eu ratios in such extremely metal-poor stars is higher than that at fre/2] objects that
have particularly high Th/Eu are sometimes called as "actinide-boost” slaraNj&@ note that,
however, the scatter of Th/Eu found in extremely metal-poor stars is still mmelies than that
expected from r-process models [1], which predict that the actinideuption is very sensitive to
the environment and can vary by one order or more by changes of padeheters.

The Th/Eu ratio becomes higher at higher metallicity ([FefH]1) on average, and the scatter
becomes slightly larger than found 2 <[Fe/H]< —1. Our sample of this metallicity range
should include some objects of the Galactic disk population, which are ntat as balo population
stars. Hence, the Th/Eu ratios and their scatter can be interpreted at @frasvide distribution
of ages of metal-rich stars in our sample.
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We are conducting more detailed abundance analyses for our sample ametlysis of metal-
rich stars, measurements of Eu are sometimes more uncertain than the Thamesxsibecause of
blending of other species to the absorption lines. Further efforts an@eedo make more careful
calibration of the abundance measurements from the two lines as mentionved Bleasurements
for larger sample covering wide metallicity range will improve the statistics anttibate to the
understanding of enrichment of actinides in the Milky Way Galaxy.
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