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Context
Old, metal-poor stars offer valuable information for the understanding of the formation and evolution 
of our Galaxy. Because the material that formed these stars has been enriched by only one or 
maybe few nucleosynthetic sources, the study of their chemical composition may give unique insight 
into the early history of Galactic chemical enrichment. Interestingly, a fraction of these old stars has 
been found to be enriched in r-process elements. The r-process is a neutron capture 
nucleosynthetic mechanism that produces the heaviest elements in the periodic table, alongside the 
s-process. The astrophysical sources of the r-process elements are, however, still a mystery. 
Neutron star mergers (NSM) have recently been confirmed as one such source, but the long 
timescale for their coalescence suggests that NSM cannot be the only r-process site. The current 
era of large stellar surveys, like Gaia, APOGEE, and GALAH, offer the chance for the identification 
and study of larger samples of metal-poor stars. This is thus a unique chance to obtain a holistic 
view on all the possible sources of the r-process. 
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STAR α (deg) δ (deg) π (mas) Teff (K) log g [Fe/H] [Mg/Fe] [Ba/Fe] [Eu/Fe]

TYC 9216-2422-1 159.0930197055200 -71.5027337301700 1.5552 (113) 5181(101) 3.08(3) -2.29(28) 0.24(3) 1.87(4) 0.26(2)

BPS CS 29529-0089 63.5676883165700 -60.1513281156100 0.2766(124) 5006(42) 2.24(8) -2.24(23) 0.20(4) 1.37(5) 2.56(10)

Methods and Observations
Using GALAH DR3 data (Buder et al., 2021), we selected stars that had anomalous [Eu/Fe] and 
[Ba/Fe]. We selected stars with [Fe/H] ≤ -2 and relative [Ba/Fe] and [Eu/Fe] abundances that 
deviate by more than three standard deviations from the mean of the sample. This resulted in a 
selection of 34 candidates for the follow up. As a pilot study, we obtained data for two stars (TYC 
9219-2422-1 and BPS CS 29529-0089).

The two stars were observed with the UVES spectrograph at the Very Large Telescope of ESO in 
the period P108 (February 2022). Two spectra were obtained for TYC 9219-2422-1  and three 
spectra for BPS CS 29529-0089 both with R~41,000 and S/N~50 at 372.4 nm, with two arms: blue 
(centered at 390 nm) and red (at 580 nm) spectra.

We then derived Teff using calibrations from González Hernández & Bonifacio (2009) and log g with 
Gaia parallaxes and bolometric correction from Masana et al. (2006). Using iSpec 
(Blanco-Cuaresma et al., 2014), we determined radial velocities, metallicity (with Fe II lines), and 
chemical abundances by spectral synthesis.

We integrated the orbits using Gaia DR3 data (parallaxes and proper motions - Gaia Collaboration, 
2021). We used the python code galpy (Bovy, 2015) to integrate the orbits with the McMillan (2017) 
Milky Way potential. and a Monte Carlo to determine the uncertainties. We then analyzed the 
dynamic results  in order to identify the Milky Way's substructures that these stars belong.

In this work, we present the preliminary results of our analysis.

Results and Discussion
TYC 9219-2422-1

By GALAH DR3 data (Tab. 1), TYC 9219-2422-1 could be classified as a very metal-poor 
([Fe/H]<-2) r-II star (Beers & Christlieb, 2005). This raises interest because these r-II stars are very 
rich in r-process elements.  Our results (Tab. 2), on the other hand show a elevated s-process 
enrichment ([Ba/Fe] = +1.87 ± 0.04) alongside a mild r-process enrichment ([Eu/Fe] = +0.26 ± 0.02). 
Dynamically, TYC 9219-2422-1 is a halo star (Fig. 1). Further analysis is required as it can possibly 
be a member of the Gaia-Enceladus merger (see e.g. Helmi et al. 2018).

BPS CS 29529-0089

BPS CS 29529-0089 in GALAH DR3 data (Tab. 1) is a peculiar star enhanced in both r- and 
s-process elements ([Ba/Fe] = +0.96 and [Eu/Fe] = +0.85). Our analysis confirmed this chemical 
enrichment ([Ba/Fe] = +1.37 ± 0.05 and [Eu/Fe] = +2.56 ± 0.10) (Tab. 2).  BPS CS 29529-0089 is 
most probably a thick disc star (Fig. 1).

STAR α (deg) δ (deg) π (mas) Teff (K) log g [Fe/H] [Mg/Fe] [Ba/Fe] [Eu/Fe]

TYC 9216-2422-1 159.0930197055200 -71.5027337301700 1.5552 (113) 5220 2.98 -2.25 0.72 -0.12 2.34

BPS CS 29529-0089 63.5676883165700 -60.1513281156100 0.2766(124) 5120 2.85 -1.79 0.37 0.96 0.85

Table 1 - GALAH parameters

Table 2 - Parameters determined in this work

Figure 1 - Left - Lindblad Diagram (Total orbital potential energy by angular momentum in the direction of galactic north pole). GALAH 
stars with [Fe/H]<-0.8 are presented in gray, the Sun in yellow symbol and the two stars, TYC 9219-2422-1 in orange and BPS CS 
29529-0089 in blue. Right - The Action Map - the same nomenclature is used. From these two diagrams we can observe that BPS CS 
29529-0089 is probably a thick disk star, while TYC 9219-2422-1 is a halo star.
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