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Abstract

Context. The aim of this work is to measure the abundances of n-capture elements in a sample of six metal-poor N-rich dwarfs that were formed in globular clusters, and subsequently became unbound from the cluster. These N-rich stars, HD 25329, HD 74000, HD 160617, G 24-3, G53-41, and G90-3, were previously studied in Paper I.

Aims. The abundances of the n-capture elements in these stars were compared to the abundances in normal metal-poor dwarfs and in globular cluster stars in the same metallicity range in order to find evidence of an enrichment of the material from which these N-rich stars were formed, by the ejecta of massive asymptotic giant branch stars (AGB) inside the cluster.

Methods. The abundances of 15 elements, from Sr to Yb, were derived line by line by comparing the observed profiles to synthetic spectra in a sample of six metal-poor N-rich dwarfs and nine classical metal-poor dwarfs.

Results. We show that, generally speaking, the behaviours of the intermediate metal-poor stars here studied and the extremely metal-poor stars are very different. In particular, the scatter of the [X/Fe] ratios is much smaller since many more stars contribute to the enrichment. Among our six metal-poor N-rich stars, three stars (G24-3 and HD 74000 and maybe also HD 160617) present an enrichment in elements formed by the s-process, typical of a contribution of AGB stars, unexpected at the metallicity of these stars. This suggests that the intracluster medium from which these stars were formed was enriched by a first generation of massive AGB stars. Another N-rich star, G53-41, is also rich in s-process elements, but since it is more metal-rich this could be due to the normal galactic enrichment by low-mass AGB stars before the formation of the cluster. In contrast, two stars (G 90-3 and HD 25329) have an abundance pattern compatible with a pure r-process such as that seen in metal-poor stars with [Fe/H] < −1.5.
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★ Based on observations collected at the European Organisation for Astronomical Research in the Southern Hemisphere (Archives of programmes 090.B-0504(A) PI: Chaname; 095.D-0504(A) PI: Melendez; 076.B-0166(A) PI: Pasquini; 067.D-0086(A) PI: Gehren; 071.B-0529(A) PI: Silva; 065.L-0507(A) PI: Primas), and collected at the W. M. Keck Observatory, archive programme G401H, PI: Melendez. One star was also observed at ESO with the spectrograph ESPRESSO, programme 107.22RU.001 PI: Spite, and two stars were observed at the Observatoire de Haute Provence (Archives of programme 10A.PNPS.HALB, PI: Halbwachs) and at the Narval spectrograph of the Observatoire du Pic du Midi, programme L172N04, PI: Spite.



1 Introduction
In a previous paper (Spite et al. 2022, hereafter Paper I) we showed that, in the field of our Galaxy, nitrogen-rich dwarfs that are not enriched in carbon present the same characteristics as the second-generation stars in globular clusters (GCs). In these stars C and O are slightly deficient, but the scatter of the relation [(C+N+O)/Fe] versus [Fe/H]1 is very small, as is expected if the N-enrichment is the result of pollution by a CNO processed material. These stars show an excess of Na and sometimes of Al; a Na-O anticorrelation is observed similar to the anticorrelation observed in NGC 6752.
In this second paper we explore the behaviour of the n-capture elements from Sr to Yb in the same six nitrogen-rich dwarfs in order to compare them to the classical metal-poor dwarfs and to the second generation of GC stars. Eight GCs were used for this comparison. Unfortunately, generally speaking, for a given GC star we do not know its abundance in heavy elements and its N abundance at the same time, and this limits the comparability.
The n-capture elements are mainly built by the s-process (slow compared to the ß decay of the affected nucleus) or by the r-process (rapid process). The r-process occurs on a very short timescale in violent events, explosions of massive supernovae, and mergers (e.g. two neutron stars or a neutron star with a black hole or gamma ray burst; Cowan et al. 2021; Arcones & Thielemann 2023).
On the contrary, the low- and intermediate-mass (LIM) stars on their asymptotic giant branch (AGB) phase seem to be the main site of the s-process (Arnould & Goriely 2020; Prantzos et al. 2020; Arcones & Thielemann 2023). Moreover a weak s-process in rotating massive very metal-poor stars (Frischknecht et al. 2016) could explain the abundance of the first peak n-capture elements in very metal-poor stars (see e.g. Spite et al. 2018).
The abundances of the n-capture elements have been studied in several GCs, in particular M 2 (Yong et al. 2014b), M 15 (Sobeck et al. 2011; Worley et al. 2013), M 19 (Johnson et al. 2015), M 22 (Roederer et al. 2011), M 92 (Roederer & Sneden 2011), NGC 104 (47 Tuc) (James et al. 2004b), NGC 4833 (Roederer & Thompson 2015), NGC 5286 (Marino et al. 2015), NGC 5824 (Roederer et al. 2016), NGC 6397 (James et al. 2004b), NGC 6266 (M 62) (Yong et al. 2014a), NGC 6752 (James et al. 2004a), and NGC 7089 (Yong et al. 2014b).
In clusters with no metallicity dispersion, generally the abundances of the n-capture elements do not show strong variations from star to star; however, there are exceptions, for example NGC 5824 (Roederer et al. 2016).
This abundance pattern in GCs is generally explained by the combination of a first production by some form of r-process, sometimes enriched later with s-process material produced and ejected by relatively massive AGB stars inside the cluster (see e.g. Roederer et al. 2016).
If we assume that the N-rich stars here studied were formed within a globular cluster (see Paper I), the aim of the present paper is to look for traces of n-capture element enrichment by massive AGB stars inside the cluster from which these stars originate.
2 Observations and model atmosphere parameters
The spectra of all the stars were mainly retrieved from the ESO archives, (UVES, HARPS, FEROS, ESPRESSO spectra) or the Keck HIRES archive. One OHP-Sophie spectrum was also used. All the spectra have a resolving power R ≥ 40 000 and a S/N > 100 (see Paper I for more detailed information about the spectra).
The stars studied in this work are mainly the same as studied in Paper I. However, in order to improve the comparison of the N-rich stars with ‘normal’ metal-poor stars, we added two normal dwarfs in the interval −2 < [Fe/H] < −1.5, HD 108177 and HD 218502. The main parameters of the atmosphere of these stars were obtained in the same way as in Paper I. The temperature and surface gravity of the stars were obtained by comparison of the Gaia DR3 photometry taking into account the distance of the star (Gaia Collaboration 2023) and the reddening (Lallement et al. 2019) with the theoretical values given by the PARSEC isochrones (Bressan et al. 2012; Marigo et al. 2017) computed at the metallicity of the star.
In this analysis we used MARCS model atmospheres (Gustafsson et al. 1975, 2003; Plez 2008) and the spectral synthesis code turbospectrum (Alvarez & Plez 1998; Plez 2012). The microturbulence velocity υt was derived by requiring that the abundance deduced from individual Fe I lines be independent of the equivalent width of the line.
The atmospheric parameters of the stars and their metallicity [Fe/H] are given in Table 1. Since the main goal of this work is the comparison of the abundances of the heavy elements in N-rich dwarfs and normal metal-poor dwarfs we chose a sample of normal dwarfs with about the same atmospheric parameters as our sample of N-rich dwarfs. All these stars are turn-off stars with an effective temperature between 5900 and 6400 K, and as a consequence we expect that the non-LTE effects are about the same in the N-rich stars and in the comparison stars. However, there is an exception for the cool N-rich dwarf HD 25329 with Teff = 4870 K, but this very peculiar star is discussed in Sect. 5.
3 Abundances of the heavy elements
We performed a standard local thermodynamic equilibrium (LTE) abundance analysis and, for all the heavy elements here studied, we derived the abundance line by line by comparing the observed line profile with synthetic spectra computed with turbospectrum. An example is given in Fig. 1. Since the sample of stars here studied consists of metal-poor dwarfs or turn-off stars, most of the lines of the heavy elements are very weak in the linear part of the curve of growth (EW ≪ 50 mÅ), and are thus not sensitive to hyperfine structure. However, we took into account the hyperfine splitting of Eu, because in this case the shape of the line is strongly affected, and of Ba, whose blue lines are rather strong. All the La and Nd lines are weak, and the hyperfine splitting can be neglected.
In the near UV we used rather strong Y II and Zr II lines (about 55 mÅ), but for these lines the atomic data of the levels are not available. As a test we computed the 420.5 nm line of Zr II with and without the hyperfine structure; the difference is less than 0.01 dex. Moreover, since no clear trend is observable between the blue and the near UV lines of Zr II (see Table A.1), the hyperfine structure effect is probably not important for the near UV Zr II lines in turn-off stars.
In all the cases we adopted the r-process isotopic fractions presented in Sneden et al. (2008). This distribution is not perfectly adapted when a star is partly enriched by the s-process (see in particular Roederer et al. 2016), but we checked that, in fact, the total abundance is not very sensitive to the adopted fraction of the different isotopes.
For each star the abundances of 15 n-capture elements from Sr to Yb are given in Table 2. The adopted solar abundances given in this table are from Caffau et al. (2011) and Lodders et al. (2009). The line-by-line abundances with the main characteristics of the lines are available in the appendix.
Table 1 
Atmospheric parameters of the dwarf stars studied in this paper.

4 Discussion
In the early Galaxy the stars can only be enriched by different types of r-processes: weak r-process, strong solar type r-process, and an actinide boosted r-process (see in particular Arcones & Thielemann 2023). Later, however, at higher metallicity, the influence of the s-process contribution becomes important.
In our Galaxy the main s-process contribution indeed comes from LIM stars in their AGB phase. They have a long evolutionary lifetimes, and thus contribute late in galactic evolution. It generally appears at [Fe/H] ≳ −1.5 ± 0.2 dex (see e.g. Roederer et al. 2010). If a GC is formed from this material, the first-generation stars should already be enriched in s-process elements by LIM AGB stars, for example the field stars of this metallicity. The second-generation stars are formed from intracluster material, and later enriched by massive AGB stars or fast-rotating massive stars (FRMS; see e.g. Arlandini et al. 1999; Prantzos et al. 2020; Cowan et al. 2021). In this case an s-process enrichment of the star does not necessarily mean that the matter that formed the star was enriched in s-process elements inside the cluster. On the contrary in a more metal-poor cluster ([Fe/H] < −1.5) an enrichment in s-process elements could indicate an enrichment within the cluster of the matter that formed the star.
Since Eu can only be synthesised by the r-process, and Ba and La are predominantly s-process elements, even if they can also be produced by the r-process, the comparison of the abundances of Ba, La, and Eu is often used to determine the contribution of the s- and the r-process during the evolution of the Galaxy.
	[image: thumbnail]	Fig. 1 Example of fit of the observed and computed spectra in the region of the Ru and Er lines. The best fit is indicated by the red line.



4.1 Comparison of [X/Fe] in N-rich and in normal stars
In the first step we tried to compare the [X/Fe] ratios in the N-rich and normal dwarfs (Fig. 2), in the interval of metallicity. −2.3 < [Fe/H] < −0.7, corresponding to the metallicity interval of our N-rich stars. A priori there is no strong difference between the behaviour of the N-rich stars and the normal stars.
In Fig. 2 the scatter of the first peak elements from [Sr/Fe] to [Ru/Fe] is small, and we measured <[Sr/Fe]> ≃ 0.4, <[Y/Fe]>≃0.0, <[Zr/Fe]> ≃ 0.35, <[Mo/Fe]> ≃ 0.7, <[Ru/Fe]> ≃ 0.7 and <[Pd/Fe]≃ −0.2.
The high abundance of Mo and Ru compared to the abundances of Sr, Y, Zr, and Pd, in intermediate metal-poor stars were pointed out by Peterson (2013). This could indicate that these elements were mainly formed in the low-entropy domain of a high-entropy wind (HEW) in a type II supernova (Farouqi et al. 2009, 2010, 2022; Peterson 2011, 2013).
[Ba/Fe] and [La/Fe] seem statistically slightly higher in the N-rich stars than in normal stars, and this could indicate a more important contribution of the s-process in the N-rich stars. If the N-rich stars are, as expected, second-generation stars formed in globular clusters, these stars were formed from an intracluster gas polluted by H-process material ejected by a first generation of massive AGB stars, which should be more Ba-rich than the gas that formed the first generation of stars.
We note that G53-41 (the least metal-poor star in our sample) seems to be particularly rich in Ba and also La. This star, with [Fe/H] ≃ −1.2, could have been formed in a GC built from interstellar medium (ISM) already enriched in s-elements by LIM AGB stars, and later enriched inside the cluster by massive AGB or FRMS stars.
4.2 Comparison of [Eu/Fe], [Eu/Ba], and [Sr/Ba] in extremely and intermediate metal-poor stars
In Fig. 3 we compare the behaviour of the intermediate metal-poor stars studied in this work, to the extremely metal-poor (EMP) stars with [Fe/H] < −2.5 (e.g. François et al. 2007; Siqueira Mello et al. 2014; Spite et al. 2018) in two diagrams: [Eu/Ba] vs. [Ba/Fe] and [Sr/Ba] vs. [Ba/Fe].
In the EMP stars, at very low metallicity, the scatter of the heavy elements is much larger than in intermediate metal-poor stars, [Eu/Fe] varies from about −0.3 (in e.g. HD 122563 or HD 88609; Honda et al. 2006, 2007) to +1.6 dex (in e.g. CS 22892-52; Sneden et al. 1996, 2003; or CS 31082-001; Hill et al. 2002; Siqueira Mello et al. 2013; Ernandes et al. 2023, two well-known r-rich stars). The EMP stars are then classified as ‘r-poor’ if [Eu/Fe]<−0.3, ‘normal’ if −0.3 < [Eu/Fe] < +0.3, and ‘r-rich’ for higher values of this ratio (further classified as ‘r-I’ if [Eu/Fe] is between +0.3 and +1, and ‘r-II’ if [Eu/Fe]>+1; Beers & Christlieb 2005).
In our sample of intermediate-metallicity stars (−2.3 < [Fe/H] < −0.7) the ratio [Eu/Fe] is about +0.3 dex in all the stars, in good agreement with the results of Peterson (2013). The enrichment in r-process elements is stabilising (at the level of the r-I stars), since over time a larger number of stars contributes to the heavy element enrichment of the ISM from which the stars are formed.
Since the matter that formed the EMP stars was enriched, at least for the second peak elements Ba and Eu, only through the r-process (e.g. Prantzos et al. 2020; Cowan et al. 2021), the ratio [Eu/Ba] (Fig. 3a) is practically constant and close to the theoretical r-process ratio value (black dotted line). In the intermediate metal-poor stars, [Eu/Ba] decreases rapidly when [Ba/Fe] increases because the contribution from s-process elements ejected by LIM stars in their AGB phase becomes significant.
However it seems that this s-process enrichment sometimes happens at lower metallicity in the N-rich stars. G24-3 and HD 74000 with a metallicity of −1.6 and −2.0 dex have a low [Eu/Ba] ratio; in Fig. 3a) they are in a region where normally only stars with [Fe/H] > −1.5 dex are found.
In HD 140283, the r-poor EMP star in our reference sample, [Eu/Ba] is also typical of the r-process. The star has a very low value of [Ba/Fe] (never observed in intermediate-metallicity stars), but also a very low value of [Eu/Fe].
In the EMP stars there is no correlation between the abundance of Sr and the abundance of Ba (Fig. 3b); a star can be Ba-poor and Sr-rich. Ba is indeed formed almost only by the main r-process, but Sr can also be formed through a weak s-process in fast-rotating low-metallicity massive stars (Frischknecht et al. 2012; Cescutti et al. 2013) or through a weak r-process (Farouqi et al. 2022). In Fig. 3b almost all the EMP stars are located in a region delimited by a line representing the [Sr/Ba] ratio of the main r-process (black dotted line) and the line [Sr/Ba] ≃ 0.5 − [Ba/Fe] (green dashed line). On the contrary, in the intermediate metal-poor stars, the correlation between [Sr/Ba] and [Ba/Fe] is good, and all the dots (for normal and N-rich stars) are on a line [Sr/Ba] ≃ 0.4 − [Ba/Fe], which means that [Sr/Fe] ≃ 0.4 dex (see also Fig. 2).
There is such a big difference in the behaviour of the heavy elements in the EMP stars and in the intermediate metal-poor stars that we have not included HD 140283 in Fig. 2 since our N-rich stars are not so metal poor.
Table 2 
Abundances of the elements: A(X) = 12 + log (N(X)/N(H)), [X/H] = A(X)* − A(X)⊙, and [X/Fe] = [X/H]−[Fe/H].

	[image: thumbnail]	Fig. 2 [X/Fe] vs. [Fe/H] for the N-rich dwarfs (red filled circles) and the normal dwarfs in the same interval of metallicity (black filled circles). The uncertainty on [Fe/H] and [X/Fe] is indicated by the black cross.



	[image: thumbnail]	Fig. 3 Comparison of [Eu/Ba] and [Sr/Ba] vs. [Ba/Fe] in the intermediate metal-poor stars studied in this paper and in the EMP stars (green dots) from the literature. The black symbols represent the normal stars and the red symbols the N-rich stars; these symbols are open if [Fe/H] > −1.5 and full if −2.3 < [Fe/H] < −1.5. The EMP stars (here with [Fe/H] < −2.5) are represented by green symbols. The plus signs (+) represents the mean value of the abundance ratios in the subgiant and turn-off stars of the globular cluster 47 Tuc ([Fe/H] = −0.7) and the crosses (×) in the giants of NGC 6266 ([Fe/H] = −1.2).



	[image: thumbnail]	Fig. 4 Comparison of [Ba/Fe], [La/Fe], and [Eu/Fe] ratios in our N-rich stars (red filled circles) with these ratios in M 2 (blue triangles), M15 (grey dots), NGC 4833 (green dots), NGC 5286 (green triangles), NGC 5824 (pink dots), NGC 6266 (blue dots), NGC 6752 (light brown dots), and NGC 7089 (cyan dots). The mean values of [Ba/Fe], [La/Fe], and [Eu/Fe] measured by Mucciarelli et al. (2023) in NGC 5824 stars are indicated by large pink crosses.



4.3 Comparison of abundance ratios in the N-rich stars and in the globular cluster stars
Following Roederer et al. (2010), in the metal-poor globular clusters with [Fe/H] < −1.4 the abundance ratios of the neutron-capture elements suggest that significant amounts of s-process material were not present in the ISM from which these cluster stars were formed. In Figs. 3a and b we include two more metal-rich globular clusters: NGC 6266 with [Fe/H] ≃ −1.2 and 47 Tuc [Fe/H] ≃ −0.7. The position of these intermediate metal-poor clusters is, as expected, close to the position of the intermediate metal-poor field stars. Globular cluster stars and field stars of intermediate metallicity were thus formed from ISM of similar compositions.
In Fig. 4 we compare the behaviour of [Ba/Fe], [La/Fe], and [Eu/Fe] in our sample of dwarf N-rich stars with these ratios in seven globular clusters where at least the abundance of Ba and Eu were measured for several stars: M 15 (Sobeck et al. 2011; Worley et al. 2013), NGC 4833 (Roederer & Thompson 2015), NGC 5286 (Marino et al. 2015), NGC 5824 (Roederer et al. 2016), NGC 6752 (James et al. 2004a,b) NGC 7089 (Yong et al. 2014b), and NGC 6266 (Yong et al. 2014a). Unfortunately, the nitrogen abundance of the globular cluster stars in Fig. 4 is generally unknown, and when it exists it is based on the CN violet band. The CN violet band is well known to be affected by NLTE and 3D effects, which have not been satisfactorily modelled to date. A homogeneous study of the N abundance in globular cluster stars based on the NH UV band is clearly badly needed. The observed ratios in our sample of N-rich stars is compatible with the ratios observed in globular cluster stars. HD 25329 seems to have a rather high [Eu/Fe] ratio, but such a high value of [Eu/Fe] is also observed in M 15 stars.
We note that, following Roederer et al. (2016), NGC5824 has a very low value of [Ba/Fe]: <[Ba/Fe]> ≈ −0.6 dex. In the other GCs and in the field stars (Figs. 4 and 2), the mean value of [Ba/Fe] is close to zero or higher. Roederer et al. (2016) remark that the value of the Ba abundance they measured in this cluster is uncertain because it is derived from the single 455.4 nm line, which is highly sensitive to the choice of the microturbulence velocity. In a recent paper on globular clusters in the Small Magellanic Cloud, Mucciarelli et al. (2023) give the average abundance of Ba, La, and Eu in six stars of NGC 5824. These measurements were done from UVES spectra centred in the visible region, and the mean value is indicated in Fig. 4 by a pink cross. For La and Eu their abundance values are in agreement with the values found by Roederer et al. (2016), but the mean value of [Ba/Fe] is significantly higher than the values measured by Roederer et al. (2016). They found [Ba/Fe] = −0.04 with a very small dispersion, σ = 0.05, in good agreement with the values found in the other GCs and in the field stars.
4.4 Pattern of heavy element abundances
The pattern of element abundances is presented in Fig. 5 for all the stars in our sample. It provides an overview of the abundances of the n-capture elements in each star. These abundances are normalised to Eu. Since we expect that in normal stars the pattern is similar to the r-process pattern at low metallicity, and that it then evolves towards an s-process enriched pattern as soon as [Fe/H] ≃ −1.5, the stars are ordered by increasing metallicity. The abundances of normal stars are represented by black symbols and of N-rich stars by red symbols. The blue lines represent the predictions of Wanajo for the hot and cold models of pure r-process (Wanajo 2007; Barbuy et al. 2011; Siqueira Mello et al. 2013), and the green line the solar abundance pattern. We expect that, in normal stars, at low metallicity the pattern of element abundance is close to the r-process predictions, and that at higher metallicity this pattern tends to the solar abundance pattern.
The abundance patterns of the N-rich stars could show the influence of an enrichment by more massive AGB inside the globular cluster. A good example is HD 74000, which has an abundance pattern very close to the solar one, despite its low metallicity.
Moreover, if some N-rich stars were formed from gas already enriched by the first low-mass AGB, and further, inside a cluster, by the ejecta of the first more massive AGB, we could expect that some N-rich stars are particularly Ba-rich. However none of our N-rich stars has an abundance pattern above the solar one.
In contrast, the abundance patterns of three N-rich stars, HD 25329, HD 160617, and G 90-3, are compatible with a formation of the n-capture elements by a pure r-process. As a consequence, a star can be strongly enriched in nitrogen and not significantly in s-process elements.
On the other hand, we note that in all the stars (normal or N-rich field stars) the elements heavier than Eu are always compatible with a formation by the main r-process.
A rather strong Pb line has been observed in one star of NGC 5824 by Roederer et al. (2016). The presence of Pb is the signature of the s-process in the low-metallicity AGB stars. Due to the scarcity of seed nuclei, the s-process indeed shifts to produce the heaviest elements, such as Pb (Bisterzo et al. 2010). In none of our N-rich stars could we detect the Pb line.
5 HD 25329, a very peculiar metal-poor N-rich dwarf
HD 25329 is the coolest N-rich metal-poor dwarf in our sample (about 4900 K). Its metallicity is [Fe/H] = −1.72. Barbuy et al. (1987) measured in its atmosphere the magnesium isotopic composition. They found that it has a high proportion of 24Mg, as do the other metal-poor stars with this metallicity, higher than it is in the more metal-rich and thus younger stars. Therefore, HD 25329 was formed from a material that has characteristics of the old populations of our Galaxy, and thus we expected it to be about 12 Gyr old, like most of the globular clusters with a metallicity close to [Fe/H] = −1.5.
In Paper I we tried to determine the age of this star by a direct comparison of the Parsec isochrones to Gaia photometry in a diagram G versus GBP − GRP, but we could not because the star is still on the main sequence. However Casagrande et al. (2011) from a Bayesian analysis based on the Geneva-Copenhagen survey (Nordström et al. 2004; Holmberg et al. 2009) and Strömgren photometry (Strömgren 1987), was able to estimate that this star is about 5 Gyr old. As a consequence, it seems to be very young for its metallicity.
HD 25329 does not present any signs of binarity: the Gaia error on the radial velocity is only 0.12 km s−1 over 16 transits and the photometric error on the G magnitude is only 0.18 10−3 magnitude over 440 transits.
On the other hand, HD 25329 is known to have a strong chromospheric activity (see the profiles of the H and K Ca II lines in Fig. 6). Following Pace (2013), strong activity is a characteristic of a young galactic population.
It has been shown that the metal-poor dwarfs, even if they are very old, have an active chromosphere (Peterson & Schrijver 1997; Spite et al. 2017). However, this activity is weak, it is never detected in the Ca II lines, and only becomes visible in the ultraviolet Mg II lines. The background continuum of a solar-type star is indeed lower in the ultraviolet than in the optical. Moreover, magnesium is much more abundant than calcium, and thus even a weak chromospheric activity becomes detectable in the UV Mg II lines.
The question now arises of how we can reconcile the strong chromospheric activity of HD 25329 and its very low metallicity. One possibility is that this star is truly young, but that it comes from a globular cluster of a dwarf galaxy with a low star formation rate, which was later accreted by our Galaxy (see e.g. Skúladóttir et al. 2020). However, it should be kept in mind that there are no known metal-poor globular clusters that are this young.
Another possibility is that this star is an old star, as expected from its metallicity, but that it is, like the classical blue-stragglers, the result of the merging of two stars, but two very low-mass stars. Ryan et al. (2001) suggest that such stars would not yet appear bluer than the turn-off, but once the main sequence turn-off reaches lower mass these objects would lag the evolution of normal stars and appear bluer. Following Ryan et al. (2001) HD 25329 could be thus a ‘blue-straggler-to-be’. In a classical blue-straggler (like HD 97916; see Paper I), Li is ultra-deficient, the line is not visible, but Be is also strongly deficient. Be is also a fragile element, but it is destroyed at a higher temperature than Li, at about 3.5 × 106 K, and thus its abundance is not as temperature-sensitive as that of Li. It seems that the Be abundance in HD 25329 is normal for its metallicity, but since the Be lines are embedded in the strong OH band, this result is not completely reliable, and as a consequence we cannot completely rule out this hypothesis.
	[image: thumbnail]	Fig. 5 Abundance patterns of the n-capture elements observed in our sample of stars sorted by [Fe/H]. The abundances of the elements are normalised to Eu. The N-rich stars are indicated by red symbols and the normal stars by black symbols. Predictions of the main r-process following Wanajo (2007); Barbuy et al. (2011); Siqueira Mello et al. (2013, hot and cold models) are indicated by blue lines. When these predictions did not match the observations between Ru and Yb and in particular if the Ba abundance is too high compared to the Eu abundance, the solar abundance pattern (green dashed line) has been added. The position of Ba and Eu are underlined by black arrows.



	[image: thumbnail]	Fig. 6 Profile of the botttom of the H and K lines of Ca II in HD 25329. The red line represents the H line and the blue line the K line.



6 Conclusion
We studied the behaviour of the neutron capture elements in a sample of six field N-rich stars suspected to be formed as second-generation stars in GCs (see Paper I). Our conclusions can be summarized as follows:

	When the ratios [X/Fe] of the first peak elements from Sr to Ag are compared in the normal stars and in the N-rich stars, no significant difference is found. The scatter of the abundance ratios is very small for the first peak elements, and in particular for Sr, Y, Zr, Mo, and Ru. The scatter of the ratios [X/Fe] of the second peak elements, from Ba to Yb, is more important, and it seems that the [Ba/Fe] ratio is statistically higher in the field N-rich stars suggesting an s-process enrichment of these stars.


	Generally speaking, there is a very strong difference between the behaviour of the EMP stars and the intermediate metal-poor stars. In the EMP stars the ratio [Eu/Ba] is almost constant and independent of the r process enrichment. Both elements are indeed formed by the main r-process. In contrast, in moderately metal-poor stars, [Eu/Ba] decreases linearly as [Ba/Fe] increases. This decrease begins at around [Fe/H] = −1.5 in normal stars, marking the arrival of pollution by s-process material ejected by low-mass AGB stars.


	In the N-rich stars G24-3 and HD 74000, this pollution by s-process material is already visible at [Fe/H] = −1.6 and −2.0 suggesting that these stars have been over-enriched in s-process material by, for example, massive AGB stars (or FRMS stars) inside a globular cluster. A possible alternative interpretation is that these N-rich stars have escaped from globular clusters that were formed in dwarf galaxies, where the s-process enrichment starts at lower metallicities (see e.g. Skúladóttir et al. 2020). However, this interpretation is not fully consistent with the ages of our stars. Belokurov & Kravtsov (2024) have argued that clusters formed in situ and that they accreted, and thus formed in dwarf galaxies, are displaying two distinct age-[Fe/H] sequences. The accreted clusters are about 1 Gyr younger than in situ clusters at any given metallicity. With the exception of HD 25329 our stars are older than 12 Gyr, which would place them in the in situ age–[Fe/H] sequence.


	In moderately metal-poor stars the large scatter of [Sr/Ba] observed in EMP stars disappears, [Sr/Ba] ≃ 0.4 − [Ba/Fe], which means that [Sr/Fe] is almost constant and is equal to 0.4 dex with a very small scatter.


	The abundance ratios of n-capture elements in intermediate metal-poor field stars and globular cluster stars are very similar. This suggests that they were formed from ISM with similar compositions. In about half of our sample of N-rich stars the abundance pattern of the n-capture elements is compatible with an enrichment in s-process elements that is unexpected at this metallicity (G24-3, HD 74000, and maybe HD 160617). G53-41 is also s-process enriched, but, due to its relatively high metallicity, we cannot decide wether this enrichment happened before the formation of the cluster or inside the cluster. Two very metal-poor N-rich stars, G90-3 and HD25329, have an abundance pattern compatible with a pure r-process formation.


	In the frame of this work we have brought to light a very peculiar N-rich star: HD 25329. This star is known for its high chromospheric activity. It seems to be rather young, but it is very metal-poor ([Fe/H] = −1.7). We suggest that it could have been accreted from a globular cluster formed in a dwarf galaxy with a low star formation rate.
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Appendix A
Table A.1 
Characteristics of the lines and element abundances. In Cols. 4 to 9 are given the abundances for the N-rich stars and then in Cols. 10 to 14 the abundances of the new comparison stars.
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      Table 1 

      Atmospheric parameters of the dwarf stars studied in this paper.

      
        


	Ident.
	Teff
	log g
	υt (km s−1)
	[Fe/H]





	N-rich dwarfs
	
	
	
	



	HD 25329
	4870
	4.75
	0.8
	−1.72



	HD 74000
	6260
	4.30
	1.2
	−2.00



	HD 160617
	6000
	3.90
	1.2
	−1.80



	G 24-3
	6030
	4.40
	0.9
	−1.58



	G 53-41
	6050
	4.40
	0.9
	−1.19



	G90-3
	5900
	3.70
	1.2
	−2.18



	Normal dwarfs
	
	
	
	



	HD 19445
	6070
	4.40
	1.3
	−2.15



	HD 76932
	6000
	4.10
	1.3
	−0.94



	HD 84937
	6300
	4.00
	1.3
	−2.25



	HD 94028
	6050
	4.30
	1.2
	−1.40



	HD 97916
	6400
	4.35
	1.2
	−0.75



	HD 108177
	6275
	4.30
	1.1
	−1.65



	HD 140283
	5750
	3.70
	1.4
	−2.57



	HD 166913
	6230
	4.20
	1.3
	−1.50



	HD 218502
	6300
	4.10
	1.3
	−1.85





      

    

  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        Example of fit of the observed and computed spectra in the region of the Ru and Er lines. The best fit is indicated by the red line.

      

    

  
    
      Table 2 

      Abundances of the elements: A(X) = 12 + log (N(X)/N(H)), [X/H] = A(X)* − A(X)⊙, and [X/Fe] = [X/H]−[Fe/H].

      
        


	Atomic number
	[Fe/H]
	38 A(Sr)
	[Sr/Fe]
	39 A(Y)
	[Y/Fe]
	40 A(Zr)
	[Zr/Fe]
	42 A(Mo)
	[Mo/Fe]
	44 A(Ru)
	[Ru/Fe]





	Sun
	
	2.92
	
	2.21
	
	2.58
	
	1.92
	
	1.84
	



	N-rich dwarfs
	
	
	
	
	
	
	
	
	
	
	



	HD 25329
	−1.72
	1.53
	0.33
	0.70
	0.21
	1.48
	0.62
	−
	−
	0.83
	0.71



	HD 74000
	−2.00
	1.41
	0.49
	0.27
	0.06
	1.05
	0.47
	0.62
	0.70
	0.60
	0.76



	HD 160617
	−1.80
	1.34
	0.22
	0.33
	−0.08
	1.07
	0.29
	0.75
	0.63
	0.71
	0.67



	G24-3
	−1.58
	1.51
	0.17
	0.61
	−0.02
	1.29
	0.29
	0.94
	0.60
	0.82
	0.56



	G53-41
	−1.19
	1.94
	0.21
	1.17
	0.15
	1.90
	0.51
	1.42
	0.69
	1.42
	0.77



	G90-3
	−2.18
	0.97
	0.23
	−0.17
	−0.20
	0.65
	0.25
	0.28
	0.54
	0.47
	0.81



	Normal dwarfs
	
	
	
	
	
	
	
	
	
	
	



	HD 19445
	−2.15
	1.07
	0.39
	0.12
	0.06
	0.82
	0.38
	0.47
	0.70
	0.50
	0.81



	HD 76932
	−0.94
	2.20
	0.30
	1.29
	−0.02
	1.97
	0.28
	1.56
	0.58
	1.43
	0.53



	HD 84937
	−2.25
	0.97
	0.39
	−0.05
	−0.01
	0.65
	0.31
	0.25
	0.58
	0.40
	0.81



	HD 94028
	−1.40
	1.79
	0.36
	0.90
	0.09
	1.56
	0.37
	1.26
	0.74
	1.03
	0.59



	HD 97916
	−0.75
	2.24
	0.07
	1.37
	−0.09
	1.87
	0.04
	−
	−
	−
	−



	HD 108177
	−1.65
	1.61
	0.34
	0.57
	0.01
	1.33
	0.40
	1.09
	0.82
	0.80
	0.61



	HD 140283
	−2.57
	0.08
	−0.18
	−0.78
	−0.42
	−0.01
	−0.07
	−0.58
	0.07
	−
	−



	HD 166913
	−1.50
	1.80
	0.38
	0.80
	0.09
	1.48
	0.40
	1.16
	0.74
	1.06
	0.72



	HD 218502
	−1.85
	1.42
	0.35
	0.31
	−0.05
	1.07
	0.34
	0.86
	0.79
	0.61
	0.62





        


	Atomic number
	[Fe/H]
	46 A(Pd)
	[Pd/Fe]
	47 A(Ag)
	[Ag/Fe]
	56 A(Ba)
	[Ba/Fe]
	57 A(La)
	[La/Fe]
	58 A(Ce)
	[Ce/Fe]





	Sun
	
	1.66
	
	0.94
	
	2.17
	
	1.14
	
	1.60
	



	N-rich dwarfs
	
	
	
	
	
	
	
	
	
	
	



	HD 25329
	−1.72
	0.37
	0.43
	−
	−
	0.81
	0.36
	−0.11
	0.47
	0.54:
	0.66:



	HD 74000
	−2.00
	—
	−
	−0.19
	0.87
	0.32
	0.15
	−0.53
	0.33
	−0.10
	0.30



	HD 160617
	−1.80
	0.04
	0.18
	−0.40
	0.46
	0.67
	0.30
	−0.28
	0.38
	0.18
	0.38



	G24-3
	−1.58
	0.01
	−0.07
	−
	−
	0.79
	0.20
	−0.22
	0.22
	0.20
	0.18



	G53-41
	−1.19
	0.81
	0.34
	0.32
	0.57
	1.65
	0.67
	0.52
	0.57
	0.87
	0.46



	G90-3
	−2.18
	−0.51
	0.01
	−
	−
	−0.09
	−0.08
	−0.95
	0.09
	−0.50
	0.08



	Normal dwarfs
	
	
	
	
	
	
	
	
	
	
	



	HD 19445
	−2.15
	−0.54
	−0.05
	−
	−
	0.00
	−0.10
	−0.88
	0.13
	−0.30
	0.25



	HD 76932
	−0.94
	0.86
	0.14
	0.43
	0.43
	1.42
	0.10
	0.46
	0.26
	0.80
	0.14



	HD 84937
	−2.25
	−0.39
	0.20
	−
	−
	−0.22
	−0.22
	−0.74
	0.37
	−0.20
	0.45



	HD 94028
	−1.40
	0.32
	0.06
	−0.14
	0.32
	1.02
	0.17
	0.02
	0.28
	0.46
	0.26



	HD 97916
	−0.75
	−
	−
	−
	−
	1.57
	0.15
	0.46
	0.07
	0.88
	0.03



	HD 108177
	−1.65
	0.22
	0.21
	−0.11
	0.60
	0.53
	0.01
	−0.31
	0.20
	0.19
	0.24



	HD 140283
	−2.57
	−
	−
	−
	−
	−1.09
	−0.81
	−1.81
	−0.38
	−
	−



	HD 166913
	−1.50
	0.54
	0.38
	−0.10
	0.46
	0.79
	0.12
	−0.21
	0.15
	0.24
	0.14



	HD 218502
	−1.85
	−0.03
	0.16
	−
	−
	0.22
	−0.10
	−0.57
	0.14
	−0.18
	0.07





        


	Atomic number
	[Fe/H]
	60 A(Nd)
	[Nd/Fe]
	63 A(Eu)
	[Eu/Fe]
	66 A(Dy)
	[Dy/Fe]
	68 A(Er)
	[Er/Fe]
	70 A(Yb)
	[Yb/Fe]





	Sun
	
	1.45
	
	0.52
	
	1.14
	
	0.96
	
	0.86
	



	N-rich dwarfs
	
	
	
	
	
	
	
	
	
	
	



	HD 25329
	−1.72
	0.30
	0.57
	−0.35:
	0.85:
	−0.25
	0.33
	−0.06
	0.70
	−0.34
	0.52



	HD 74000
	−2.00
	−0.07
	0.48
	−1.30
	0.18
	−0.93
	−0.07
	−0.90
	0.14
	−0.87
	0.27



	HD 160617
	−1.80
	−0.03
	0.32
	−0.70
	0.58
	−0.11
	0.55
	−0.36
	0.48
	−0.34
	0.60



	G24-3
	−1.58
	0.22
	0.35
	−0.77
	0.29
	−0.13
	0.31
	−0.43
	0.19
	−0.37
	0.35



	G53-41
	−1.19
	0.65
	0.39
	−0.18
	0.49
	0.55
	0.60
	0.22
	0.45
	0.60
	0.93



	G90-3
	−2.18
	−0.56
	0.17
	−1.35
	0.31
	−0.72
	0.32
	−0.99
	0.23
	−1.22
	0.10



	Normal dwarfs
	
	
	
	
	
	
	
	
	
	
	



	HD 19445
	−2.15
	−0.25
	0.45
	−1.26
	0.37
	−0.67
	0.34
	−0.65
	0.54
	−1.02
	0.27



	HD 76932
	−0.94
	0.87
	0.36
	0.00
	0.36
	0.63
	0.43
	0.49
	0.47
	0.77
	0.85



	HD 84937
	−2.25
	−0.30
	0.50
	−1.35
	0.38
	−0.67
	0.44
	−0.79
	0.50
	−0.98
	0.41



	HD 94028
	−1.40
	0.30
	0.25
	−0.63
	0.25
	−0.08
	0.18
	−0.22
	0.22
	−0.27
	0.27



	HD 97916
	−0.75
	0.90
	0.20
	−0.18
	0.05
	0.59
	0.20
	0.25
	0.04
	0.57
	0.46



	HD 108177
	−1.65
	0.09
	0.29
	−0.81
	0.32
	−0.21
	0.30
	−0.40
	0.29
	−0.46
	0.33



	HD 140283
	−2.57
	−
	−
	−2.27
	−0.28
	−2.20
	−0.77
	−2.01
	−0.40
	−2.27
	−0.56



	HD 166913
	−1.50
	0.09
	0.14
	−0.64
	0.34
	−0.06
	0.30
	−0.26
	0.28
	−0.27
	0.37



	HD 218502
	−1.85
	0.18
	0.58
	−0.99
	0.34
	−0.37
	0.34
	−0.66
	0.23
	−0.70
	0.29





      

      
Notes. The six N-rich dwarfs are at the top of the table, followed by the reference stars with a normal N abundance. The adopted solar abundances are in boldface.
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        [X/Fe] vs. [Fe/H] for the N-rich dwarfs (red filled circles) and the normal dwarfs in the same interval of metallicity (black filled circles). The uncertainty on [Fe/H] and [X/Fe] is indicated by the black cross.
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        Comparison of [Eu/Ba] and [Sr/Ba] vs. [Ba/Fe] in the intermediate metal-poor stars studied in this paper and in the EMP stars (green dots) from the literature. The black symbols represent the normal stars and the red symbols the N-rich stars; these symbols are open if [Fe/H] > −1.5 and full if −2.3 < [Fe/H] < −1.5. The EMP stars (here with [Fe/H] < −2.5) are represented by green symbols. The plus signs (+) represents the mean value of the abundance ratios in the subgiant and turn-off stars of the globular cluster 47 Tuc ([Fe/H] = −0.7) and the crosses (×) in the giants of NGC 6266 ([Fe/H] = −1.2).

      

    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
        Comparison of [Ba/Fe], [La/Fe], and [Eu/Fe] ratios in our N-rich stars (red filled circles) with these ratios in M 2 (blue triangles), M15 (grey dots), NGC 4833 (green dots), NGC 5286 (green triangles), NGC 5824 (pink dots), NGC 6266 (blue dots), NGC 6752 (light brown dots), and NGC 7089 (cyan dots). The mean values of [Ba/Fe], [La/Fe], and [Eu/Fe] measured by Mucciarelli et al. (2023) in NGC 5824 stars are indicated by large pink crosses.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Abundance patterns of the n-capture elements observed in our sample of stars sorted by [Fe/H]. The abundances of the elements are normalised to Eu. The N-rich stars are indicated by red symbols and the normal stars by black symbols. Predictions of the main r-process following Wanajo (2007); Barbuy et al. (2011); Siqueira Mello et al. (2013, hot and cold models) are indicated by blue lines. When these predictions did not match the observations between Ru and Yb and in particular if the Ba abundance is too high compared to the Eu abundance, the solar abundance pattern (green dashed line) has been added. The position of Ba and Eu are underlined by black arrows.

      

    

  
    
      Fig. 6 
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        Profile of the botttom of the H and K lines of Ca II in HD 25329. The red line represents the H line and the blue line the K line.

      

    

  
    
      Table A.1 

      Characteristics of the lines and element abundances. In Cols. 4 to 9 are given the abundances for the N-rich stars and then in Cols. 10 to 14 the abundances of the new comparison stars.

      
        


	
	
	
	HD25329 N-rich
	HD74000 N-rich
	HD160617 N-rich
	G24-3 N-rich
	G53-41 N-rich
	G90-3 N-rich
	HD76932
	HD97916
	HD108177
	HD166913
	HD218502





	Elem lambda (Å)
	log g f
	A(X)
	A(X)
	A(X)
	A(X)
	A(X)
	A(X)
	A(X)
	A(X)
	A(X)
	A(X)
	A(X)



	Sr II
	4077.710
	0.167
	1.55
	1.39
	1.39
	1.48
	1.95
	0.96
	2.20
	2.24
	1.55
	1.76
	1.39



	Sr II
	4215.520
	-0.145
	1.50
	1.42
	1.29
	1.53
	1.93
	0.98
	2.20
	2.23
	1.66
	1.83
	1.45



	Y II
	3600.732
	0.280
	-
	0.33
	0.32
	0.70
	1.18
	-0.09
	1.27
	1.45
	0.61
	0.83
	0.38



	Y II
	3601.916
	-0.180
	-
	0.33
	0.32
	0.63
	1.24
	-0.07
	1.28
	-
	0.58
	0.83
	0.38



	Y II
	3611.043
	0.110
	-
	0.22
	0.20
	0.58
	1.19
	-0.21
	1.25
	-
	0.51
	0.71
	0.25



	Y II
	3710.287
	0.523
	-
	0.21
	0.25
	0.63
	1.14
	-
	1.18
	1.34
	0.52
	0.76
	0.28



	Y II
	3774.330
	0.291
	-
	0.27
	-
	0.65
	1.19
	-0.16
	1.17
	1.27
	0.55
	0.77
	0.32



	Y II
	3788.694
	0.012
	-
	0.30
	0.36
	0.64
	1.21
	-0.11
	1.25
	-
	0.59
	0.76
	0.32



	Y II
	3818.341
	-0.980
	-
	0.38
	0.32
	0.58
	1.13
	-0.20
	1.28
	1.33
	0.61
	0.84
	-



	Y II
	3950.349
	-0.490
	0.61
	0.28
	0.40
	-
	1.18
	-0.12
	1.39
	-
	-
	0.86
	-



	Y II
	4398.013
	-1.000
	0.67
	0.22
	0.33
	0.52
	1.10
	-0.24
	1.24
	1.34
	0.51
	0.78
	0.23



	Y II
	4682.324
	-1.510
	0.77
	0.20
	0.30
	0.62
	-
	-0.24
	1.47
	-
	0.76
	0.84
	-



	Y II
	4883.684
	0.070
	0.83
	0.30
	0.41
	0.64
	1.18
	-
	1.33
	1.49
	0.60
	0.85
	0.37



	Y II
	5087.419
	-0.170
	0.61
	0.24
	0.35
	0.54
	1.12
	-0.18
	1.31
	1.39
	0.48
	0.79
	0.22



	Y II
	5205.722
	-0.340
	
	0.29
	0.40
	0.57
	1.13
	-0.30
	1.35
	1.37
	0.51
	0.81
	0.30



	Zr II
	3438.231
	0.410
	-
	0.99
	1.02
	-
	1.85
	-
	-
	1.46
	1.28
	1.26
	1.00



	Zr II
	3496.205
	0.260
	-
	1.03
	1.04
	1.27
	1.86
	0.69
	1.76
	1.82
	1.36
	1.44
	1.06



	Zr II
	3551.951
	-0.360
	-
	1.10
	1.07
	1.33
	1.98
	0.73
	2.00
	1.97
	1.38
	1.52
	1.11



	Zr II
	3556.594
	0.070
	-
	1.00
	0.96
	1.21
	1.84
	0.60
	-
	-
	1.25
	1.38
	1.01



	Zr II
	3576.853
	-0.120
	-
	1.04
	1.13
	1.32
	1.90
	0.69
	1.84
	1.90
	-
	1.49
	1.08



	Zr II
	3614.765
	-0.252
	-
	1.01
	1.05
	1.17
	2.10
	0.61
	2.27
	-
	1.26
	1.46
	1.04



	Zr II
	3836.761
	-0.120
	-
	0.96
	1.00
	1.27
	1.71
	0.61
	1.86
	1.87
	1.36
	1.44
	1.04



	Zr II
	4149.217
	-0.030
	1.54
	1.10
	1.12
	1.35
	1.96
	0.63
	1.99
	-
	1.37
	1.59
	1.12



	Zr II
	4161.213
	-0.720
	1.42
	1.15
	1.13
	1.35
	1.90
	0.65
	2.03
	2.00
	1.36
	1.59
	1.10



	Zr II
	4208.977
	-0.460
	-
	1.10
	1.13
	1.36
	1.90
	0.65
	2.02
	2.04
	1.34
	1.58
	1.13



	Mo I
	3864.103
	-0.010
	1.14:
	0.62
	0.75
	0.94
	1.42
	0.28
	1.56
	-
	1.09
	1.16
	0.86



	Ru I
	3498.394
	0.310
	0.83
	0.60
	0.71
	0.82
	1.42
	0.47
	1.43
	-
	0.80
	1.06
	0.61



	Pd I
	3404.579
	0.320
	0.37
	≤0.0
	0.04
	0.01
	0.81
	-0.51
	0.86
	-
	0.22
	0.54
	-0.03



	Ag I
	3382.000
	-0.377
	≤-0.62
	-0.20:
	-0.40
	≤-0.4
	0.32
	≤-0.94
	0.43
	-
	-0.11
	-0.10
	-0.44:



	Ba II
	4554.000
	0.170
	0.88
	0.25
	0.71
	0.71
	-
	-0.09
	1.36
	1.55
	0.59
	0.75
	-



	Ba II
	4934.000
	-0.150
	0.71
	0.22
	0.64
	-
	1.50
	-
	1.25
	1.45
	0.47
	0.66
	-



	Ba II
	5853.670
	-1.010
	-
	0.29
	0.57
	0.75
	1.55
	-
	1.42
	1.42
	0.53
	0.81
	0.22



	Ba II
	6141.710
	-0.070
	0.76
	0.38
	0.70
	0.83
	1.71
	-
	1.50
	1.66
	0.52
	0.85
	0.14



	Ba II
	6496.000
	-0.407
	0.88
	0.46
	0.72
	0.88
	1.82
	-
	1.55
	1.79
	0.53
	0.90
	0.29



	La II
	3988.520
	0.170
	-0.21
	-0.55
	-0.36
	-0.25
	0.48
	-0.98
	0.38
	0.55
	-0.37
	-0.27
	-0.56



	La II
	4086.709
	-0.032
	-0.07
	-0.55
	-0.30
	-0.21
	0.49
	-0.98
	0.43
	0.50
	-0.37
	-0.22
	-0.51



	La II
	4123.218
	0.067
	-0.04
	-0.50
	-0.18
	-0.19
	0.59
	-0.89
	0.58
	0.32
	-0.20
	-0.13
	-0.65



	Ce II
	4073.474
	0.210
	0.67
	-0.13
	0.16
	0.23
	0.81
	-0.53
	0.70
	0.93
	0.13
	0.15
	-0.30



	Ce II
	4083.222
	0.270
	0.35
	-0.15
	0.28
	0.22
	0.97
	-0.29
	0.85
	1.25
	0.46
	0.29
	-



	Ce II
	4137.645
	0.400
	-
	-0.04
	0.16
	0.02
	0.84
	-
	0.85
	0.81
	0.15
	0.30
	-0.07



	Ce II
	4222.597
	-0.150
	0.74
	-0.05
	0.19
	0.29
	0.86
	-0.60
	0.81
	1.01
	0.06
	0.31
	-0.17



	Ce II
	4486.909
	-0.180
	0.40
	-0.20
	0.19
	0.14
	0.86
	-
	0.77
	0.40
	0.24
	0.16
	-



	Ce II
	4562.359
	0.210
	-
	-0.02
	0.10
	0.27
	-
	-0.58
	0.79
	0.87
	0.11
	0.20
	–



	Nd II
	3826.410
	-0.410
	-
	0.08
	-0.13
	-
	0.68
	-0.74
	1.08
	-
	0.19
	-0.03
	-



	Nd II
	3863.410
	-0.040
	-
	0.03
	-
	-
	-
	-0.30
	0.80
	-
	-0.10
	0.09
	-



	Nd II
	4021.330
	-0.100
	0.26
	-
	-
	0.28
	0.63
	-
	-
	-
	-
	0.13
	-



	Nd II
	4061.080
	0.550
	0.44
	-
	-
	0.21
	-
	-
	-
	-
	-
	-
	0.16



	Nd II
	4109.448
	0.350
	-
	-0.21
	0.02
	0.19
	-
	-0.65
	0.85
	0.80
	-0.05
	0.21
	0.20



	Nd II
	4446.380
	-0.350
	0.21
	-0.17
	0.02
	0.19
	0.63
	-
	0.73
	1.00
	0.30
	0.03
	–



	Eu II
	3724.930
	-0.090
	-
	-
	-0.70
	-
	-
	-
	-
	-
	-
	-
	-



	Eu II
	3819.670
	0.485
	-
	-1.28
	-0.70
	-0.79
	-0.21
	-1.38
	-
	-
	-
	-
	-



	Eu II
	4129.720
	0.205
	-0.35:
	-1.32
	-0.71
	-0.74
	-0.14
	-1.32
	0.00
	-0.18
	-0.81
	-0.64
	-0.99



	Dy II
	3407.800
	0.180
	-
	-
	-
	0.09
	0.70
	-0.53
	0.67
	0.65
	-0.08
	-0.03
	-0.33



	Dy II
	3531.710
	0.770
	-0.29
	-0.94
	-0.11
	-0.21
	0.59
	-0.92
	0.66
	0.57
	-0.20
	-0.16
	-0.45



	Dy II
	3536.020
	0.530
	-0.21
	-
	-0.12
	-0.20
	0.52
	-0.80
	0.58
	0.50
	-0.24
	-0.11
	-0.33



	Dy II
	3563.000
	-0.360
	-
	-
	-
	-0.17
	0.46
	-0.54
	0.59
	0.62
	-0.33
	0.02
	-



	Dy II
	3694.308
	-0.660
	-
	-
	-0.11
	-0.17
	0.48
	-0.79
	0.63
	-
	-
	0.01
	-



	Dy II
	3944.680
	0.110
	-
	-0.92
	-
	-
	-
	-
	-
	-
	-
	-0.07
	–



	Er II
	3499.103
	0.290
	0.00
	-1.02
	-0.42
	-0.47
	0.13
	-0.99
	0.45
	0.14
	-0.51
	-0.25
	-0.77



	Er II
	3692.649
	0.280
	-0.12
	-0.77
	-0.30
	-0.39
	0.30
	-0.99
	0.52
	0.35
	-0.29
	-0.27
	-0.55



	Yb II
	3694.190
	-0.320
	-0.34
	-0.87
	-0.34
	-0.37
	0.60
	-1.22
	0.77
	0.57
	-0.46
	-0.27
	-0.70
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