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Not having the chance to directly observe the young Universe at a time when the first stellar generations formed (less than a Gyr after the Big Bang), we can deepen our knowledge on the early universe, by studying low mass metal-poor stars formed at that far away time, investigating their chemical pattern and their kinematic properties.

Metal-poor stars are not common in the Milky Way, so to find them several techniques have been used in the past years, such as exploitation of low-resolution spectroscopic or photometric databases, or selection of stars with high-speed. Once the good metal-poor candidates are selected and the high-resolution observations secured, the spectra have to be analysed. The access to the Gaia Data Release 2 and Early Data Release 3 provided the possibility to use Gaia photometry and parallaxes to select the stars and determine the parameters of their atmosphere with a very good precision.

This thesis presents the chemo-dynamical investigation of three samples of metal-poor stars.

(1) A sample of dwarf stars selected from the low-resolution Hamburg-ESO and HK spectroscopic databases to understand if the extremely metal-poor and moreover Li-poor, stars show, apart from Li, any chemical or kinematical anomaly.

(2) Two stars selected from their high-speed with respect to the Sun, to see if they have any chemical peculiarity.

(3) A stellar sample selected by combining the wide-band (SDSS) and the Pristine narrow-band photometry to validate the photometric selection.

-The search for chemical or kinematical anomalies in the first sample of stars was negative. The metal-poor stars below the Spite plateau are comparable to the star on the plateau.

-The two high-speed stars also do not show anomalies, they are chemically similar to stars from the literature of comparable stellar parameters.

-From the third sample (Pristine), we could conclude that in the selection of the metalpoor candidates by using Pristine as the narrow-band photometry, the use of Gaia as wideband photometry accompanied by the Gaia parallax provides a decisive improvement for the evolved stars.

All the data analysed were already available at the beginning of the project. An observing campaign, with two observing runs, was done in the context of the MINCE project.

Résumé

Comme on ne peut observer directement l'Univers lorsque les toutes premières étoiles se sont formées, (environ 1 Gyr après le Big Bang), une des méthodes pour approfondir notre connaissance de l'Univers primitif consiste à étudier les propriétés chimiques et cinématiques des étoiles de petite masse, pauvres en métaux, formées à cette période, et qui brillent toujours aujourd'hui.

Les étoiles pauvres en métaux ne sont pas très fréquentes dans notre Galaxie, et différentes techniques de détection ont été utilisées dans le passé: exploitation de bases de données photométriques ou spectroscopiques, et aussi sélection d'étoiles à grande vitesse. Une fois les bonnes candidats sélectionnés et observés à grande résolution, les spectres doivent être analysés. Grâce à la "Gaia Data Release 2" et "l'Early Data Release 3" les paramètres principaux de l'atmosphère de ces étoiles ont pu être déterminés avec une très bonne précision.

Cette thèse présente une analyse chimique et dynamique de trois échantillons d'étoiles.

(1) Un échantillon d'étoiles naines sélectionnées dans la base de données spectroscopiques Hambourg-ESO et HK afin de comprendre si les étoiles extrêmement pauvres en métaux et de plus, pauvres en Li, présentent une quelconque autre anomalie d'abondance ou une anomalie cinématique.

(2) Deux étoiles sélectionnées pour leur très grande vitesse par rapport au soleil pour rechercher une éventuelle particularité chimique.

(3) Un échantillon d'étoiles sélectionnées d'après la photométrie á bande étroite du relevé Pristine associée à de la photométrie à bande large (SDSS), afin de valider la calibration en métallicité de ce relevé.

-Dans le premier échantillon aucune anomalie chimique ou cinématique n'a pu être mise en évidence dans les étoiles extrêmement pauvres en métaux dont l'abondance en Li est inférieure à celle du "Spite plateau". Ces étoiles sont comparables en tout point à celles dont l'abondance en Li est compatible avec le plateau.

-Les deux étoiles à très grande vitesse ne présentent non plus aucune anomalie. Elles sont comparables aux étoiles de la littérature ayant les mêmes paramètres atmosphériques.

-Du troisième échantillon (Pristine), nous avons pu conclure que l'utilisation de la bande étroite de Pristine associée à l'utilisation de la bande photométrique large de Gaia et de la parallaxe de l'étoile, permet une amélioration décisive de la détermination de la métallicité pour, en particulier, les étoiles évoluées.

Comme toutes les spectres analysés dans ces trois échantillons étaient disponibles dès le début de ce projet de thèse, une double campagne d'observation a été conduite dans le cadre du projet MINCE.
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Résumé substantiel en franc ¸ais

Les étoiles pauvres en métaux jouent un rôle important dans l'histoire de l'Univers primitif, une période qui ne peut être observée directement. L'étude de ces étoiles, peu fréquentes dans notre galaxie, nous permet de mieux comprendre la formation et l'évolution des premières étoiles et galaxies. Ces étoiles primitives ont une composition chimique particulière, en plus d'être pauvres en métaux par rapport au soleil, elles portent la signature des différents processus de nucléosynthèse qui ont enrichi la matière dont elles se sont formées.

Nous avons sélectioné trois échantillons particuliers d'étoiles sur la base de données spectroscopiques, photométriques (bandes étroites et bandes larges) et cinématiques. Les paramètres atmosphériques et les caractéristiques chimiques et cinématiques des étoiles sélectionées ont été dérivés de manière fiable grâce aux données du satellite Gaia de l'ESA. Ce satellite est équipé de deux télescopes optiques avec trois instruments ayant trois fonctions différentes: astrométrie, spectrophotométrie et spectroscopie. Plus précisément, nous avons utilisé les données de la base Early Data Release 3 (Gaia EDR3) et, dans une moindre mesure, la base de données Gaia Data Release 2 (DR2). Ces données précises ont été complétées par la détermination de la vitesse radiale, et par une étude approfondie des propriétés chimiques et cinématiques détaillées des étoiles.

Ma thèse aborde trois sujets principaux: i) La recherche d'anomalies dans les caractéristiques chimiques et dynamiques d'un échantillon d'étoiles anciennes, non évoluées, extrêmement pauvres en métaux mais déficientes en lithium. Le lithium issu de la nucléosynthèse primordiale a-t-il été détruit dans ces étoiles ? Pourquoi ? ii) La recherche de la nature et de l'origine d'étoiles pauvres en métaux dont la vitesse est très grande par rapport au Soleil. L'analyse à haute resolution, des propriétés chimiques et dynamiques de quelques unes de ces étoiles m'a permis d'identifier leurs différentes caractéristiques, et d'émettre des hypothèses sur leur origine. iii) L'étude d'un échantillon d'étoiles pauvres en métaux sélectionnées à l'aide de la photométrie Pristine à bande étroite, combinée à une photométrie à bande large. Une meilleure détermination de la métallicité a pu être obtenue grâce à une calibration photométrique plus efficace.

Par ailleurs j'ai collaboré au projet MINCE, avec deux campagnes d'observation et d'analyse des données.

Pour cela, j'ai analysé en détail les 11 étoiles de l'échantillon de Sbordone et al. (2010) observées avec le spectrographe UVES de l'ESO. Les données Gaia DR2 ont été utilisées pour fournir les parallaxes et la photométrie (G, BP and RP) des étoiles, qui, avec le rougissement de Schlegel et al. (1998), ont permis d'obtenir la magnitude absolue G 0 et la couleur (BP -RP) 0 . En les comparant avec les isochromes PARSEC il m'a été alors possible de calculer avec précision les paramètres de l'atmosphère de ces étoiles (masse, temperature et gravité). La microturbulence a été déterminée en s'assurant que l'abondance du fer déduite des raies de Fe I est indépendante de la largeur équivalente de ces raies. Les valeurs obtenues sont présentées dans la table 1. Les modèles d'atmosphère MARCS et le code de synthèse spectrale Turbospectrum ont été utilisés pour déduire l'abondance d'un grand nombre d'éléments, neutres et ionisés (Fe, C, Li, Na, Mg, Al, Si, CaI, CaII, ScII, TiII, Cr, Mn, Co, Ni, Sr et Ba). Les abondances ont été déduites des largeurs équivalentes des raies, sauf si les raies étaient mélangées avec d'autres raies, si les ailes d'amortissement étaient importantes, ou si les raies étaient affectées par de la structure hyperfine. Dans ces cas, l'abondance a été dérivée de la comparaison directe du spectre observé avec des profils calculés pour différentes abondances. L'abondance du lithium est basée sur la synthèse spectrale du doublet de résonance du Li à 670.7 nm. La figure 1 montre, à titre d'exemple, l'ajustement de ce doublet pour l'étoile pauvre en Li, CS 22188-033, et pour l'étoile CS 22882-027 où la raie de Li n'est pas détectée. La table 2 contient les valeurs de l'abondance de Li obtenues pour notre échantillon d'étoiles.

Table 2: Métallicité et abondance du lithium des étoiles de l'échantillon analysé.

À part leur faible abondance de Li, aucune anomalie particulière n'a pu être détectée dans les deux étoiles pauvres en Li de notre échantillon. Il faut noter qu'en général, les abondances des différents éléments dans les étoiles de notre échantillon sont en très bon accord avec celles l'échantillon d'étoiles naines du large programme ESO "First Stars" (Bonifacio et al., 2009), qui est l'échantillon de référence d'étoiles naines à basse metallicité.

Dans la figure 2 je compare l'abondance du Li dans les étoiles de notre échantillon et dans celle de l'échantillon "First Stars". Sur cette figure on voit que 5 étoiles sont pauvres en Li avec une abondance de Li qui s'écarte à plus de 2 σ du "Plateau des Spite". Deux appartiennent à notre échantillon et trois à l'échantillon "First Stars", elles sont entourées en rouge sur la figure.

Figure 2: Abondance du lithium en fonction de [Fe/H] pour les étoiles de notre échantillon (points noirs) et de l'échantillon LP "First Stars" (points verts). Le "plateau" est indiqué par une ligne rouge. Dans les deux échantillons, les étoiles qui dévient de plus de 2σ du "plateau" sont entourées d'un cercle rouge.

Par ailleurs, dans mon analyse, j'ai mis en évidence deux étoiles particulières : i) L'étoile CS 30302-145 a une abondance en lithium normale mais elle présente une faible abondance des éléments α, Mg et Si, l'abondance de Ca (autre élément α) étant normale. L'abondance des éléments légers, Na et Al, est également faible. Elle est très riche en Mn, un élément du pic du fer. L'abondance de Sr, élément formé par capture de neutrons, est faible. Des étoiles présentant un comportement similaire dans leur distribution d'abondance, sont connues dans la littérature sous le nom d'étoiles pauvres en métaux pauvres en α. Dans la figure 3 je compare la distribution d'abondances de CS 30302-145 avec celles d'autres étoiles pauvres en α de la littérature.

ii) L'étoile HE 1413-1954 est une étoile pauvre en métaux mais (relativement) riche en carbone elle appartient à la classe des CEMP (carbon rich metal-poor stars). Son abondane de C, dérivée de la bande G, A(C)=6.9, la range parmi les les étoiles CEMP de la branche basse du carbone. Cette étoile a également une abondance d'azote élevé, A(N)=7.3. La position des étoiles dans le diagramme couleur-magnitude prédite par les isochrones PARSEC, montre que les étoiles de notre échantillon ont un âge compris entre 12 Gyr et 14 Gyr (voir figure 4). Seule l'étoile CS 22882-027, semble beaucoup plus jeune. C'est justement l'étoile dans laquelle la raie de Li n'est même pas visible. Les abondances de Sc et de Sr de cette étoile sont également assez faibles. L'étoile CS 22882-027 semble être beaucoup trop jeune pour sa faible métallicité. Elle présente les particularités d'une Blue-straggler: absence de Li et très jeune âge apparent. Une étoile Blue-straggler est le 8 ÉTOILES EXTRÊMENT PAUVRES EN MÉTAUX ET DÉFICIENTES EN LITHIUM résultat de la fusion de deux étoiles, le Li est détruit dans le processus de fusion, et l'étoile nouvellement formée, qui a une masse plus élevée, occupe une position sur le diagramme couleur-magnitude qui devrait normalement être occupée par des étoiles plus jeunes.

On a étudié G122-69 et G139-08, deux étoiles connues pour avoir une limite supérieure de l'abondance de Li nettement inférieure au plateau des Spite et compatible avec l'absence de Li. L'analyse de leur âge a montré qu'elles semblent aussi beaucoup trop jeunes pour leur métallicité (≤ 7 Gyr), indiquant que ce sont aussi probablement des Blue-stragglers. Ceci renforce les conclusions de Bonifacio et al. (2019b) que toutes les étoiles sans Li sont des Blue-stragglers. On observe que toutes les étoiles pauvres en lithium, sauf une, sont placées sur la séquence principale avant le "turn-off" (voir la figure 5). Cela pourrait suggérer que dans les naines les plus pauvres en métaux, une sorte de phénomène atmosphérique (peut-être la diffusion) amène le Li dans l'atmosphère profonde, d'où il est à nouveau mélangé dans la photosphère lorsque l'étoile atteint le "turn-off" et que la zone convective de surface s'approfondit. Il semble en effet que lorsque les étoiles très pauvres en métaux atteignent la branche des géantes l'abondance du lithium diminue globalement, mais que cette abondance reste constante et voisine de A(Li)=1. J'ai également étudié les propriétés cinématiques de notre échantillon d'étoiles, à l'aide du code GalPot3 et du modèle galactique MCMillan. Toutes les étoiles sont situées entre 0,4 kpc et 1,9 kpc. Beaucoup d'entre elles sont confinées près du plan galactique et à moins de 20 kpc du centre galactique. En outre, la moitié des étoiles ont des orbites progrades tandis que l'autre moitié a des orbites rétrogrades. Les étoiles pauvres en Li ne présentent pas de particularité cinématiques systématiques. 10 ÉTOILES EXTRÊMENT PAUVRES EN MÉTAUX ET DÉFICIENTES EN LITHIUM

LES ÉTOILES À GRANDE VITESSE

La structure actuelle de la Voie lactée est fortement influencée par de nombreuses fusions, dont certaines avec des galaxies massives, ce qui entraîne un mélange d'étoiles d'origines différentes, rendant difficile la compréhension de l'environnement dans lequel chaque étoile est née. On ne peut qu'attribuer une certaine probabilité à l'origine d'une l'étoile. On peut par exemple observer dans l'espace des phases la structure Gaia-Sausage-Encelade, qui se caractérise par une population pauvre en métaux. Le halo galactique est formé d'étoiles accrétées et d'étoiles formées in situ. Certaines de ces étoiles du halo présentent une cinématique extrême, comme les étoiles à très haute énergie cinétique. Caffau et al. (2020) ont étudiés 72 étoiles hyper-rapides (>500 kms -1 ) et plutot brillantes (magnitude G entre 14.0 et 14.5) avec le spectrographe à basse résolution FORS sur le VLT 8.2 m de l'ESO. Ces étoiles ont une metallicité -2.6 ≤ [Fe/H] ≤ -0.9 avec un pic marqué autour de -1.5. Elles ont un profil chimique classique et homogène qui correspond à celui des étoiles du halo ou des amas globulaires galactiques. Toutes ces étoiles ont des orbites très excentriques dans le halo, et plus de la moitié d'entre elles ont des orbites rétrogrades. Il est à noter que la position de certaines étoiles dans le diagramme couleur-magnitude implique qu'elles sont plus jeunes que prévu pour des étoiles du halo. Ma contribution à ce premier article a consisté principalement à réanalyser un sous-ensemble de ces étoiles avec MyGIsFOS afin de vérifier les résultats obtenus.

L'analyse de spectres à basse résolution n'ayant montré aucune anomalie d'abondance, j'ai entrepris dans le cadre de ma thèse une analyse plus détaillée à partir de spectres à haute résolution. L'étude du profil chimique de ces objets associé a leur cinématique pourrait aider à identifier les différentes populations dont elles proviennent et donc à cerner l'origine de ces étoiles. Ont elles été formées dans la Galaxie même, ou ont elles été accrétées ? Dans ce but, j'ai analysé en détail les spectres de deux étoiles évoluées à grande vitesse: TYC 622-742-1 et TYC 1193-1918-1. Pour ce travail des spectres de haute qualité, à grande résolution, de ces étoiles ont été obtenus au spectrographe HDS du télescope Subaru.

La mesure de la vitesse radiale précise de ces objets a été effectuée en trouvant le maximum de la fonction de corrélation croisée entre le spectre observé et un spectre synthétique créé à partir du programme SYNTHE et d'un modele ALTAS9. J'ai trouvé une vitesse radiale de -115.09 ± 1.09 kms -1 pour TYC 622-742-1 et -365.19 ± 0.89 kms -1 pour TYC 1193-1918-1, valeurs compatibles avec les résultats de la mission Gaia.

Pour déterminer les paramètres atmosphériques de ces étoiles géantes j'ai utilisé une procédure itérative. Cette procédure est basée sur la photométrie et la parallaxe fournies par Gaia EDR3. J'ai pris en compte le déplacement du point zéro et le rougissement avec les cartes de rougissement de Schlafly & Finkbeiner (2011). J'ai aussi examiné ce qui se passe lorsque l'incertitude sur la parallaxe est ajoutée ou retranchée, avec ou sans l'application du déplacement du point zéro. L'incertitude sur la gravité qui en résulte n'est pas symétrique. Ces petits changements entraînent de légères variations de la gravité de TYC 622-742-1, mais la gravité de TYC 1193-1918-1 n'est pratiquement pas affectée.

L'estimation initiale des paramètres stellaires commence par l'adoption d'une masse stellaire de 0.8M ⊙ (une valeur typique pour les étoiles anciennes avec avec [Fe/H] = -1, qui sont maintenant sur la branche géante rouge ou sur la branche géante asymptotique), puis j'ai déduit une température T eff à partir des couleurs théoriques (G BP -G RP ) et j'en ai déduit la gravité à partir de l'équation de Stefan-Boltzman. Ces paramètres initiaux sont entrés dans le programme MyGIsFOS qui à partir du spectre en déduit la métallicité de l'étoile. Cette métallicité est utilisée pour dériver de nouveaux paramètres stellaires. Les valeurs sont mises à jour à chaque étape de l'interaction jusqu'à ce que la température obtenue différe de moins de 5 K de la température donnée et le log g de moins de 0.01 dex. La table 3 présente une compilation des paramètres stellaires dérivés pour ces deux étoiles. Le processus utilisé a été testé en dérivant les paramètres stellaires de trois autres manières: (a) En utilisant la méthode de Mucciarelli et al. (2021), basée sur des températures déduites par la méthode du flux infrarouge de González Hernández & Bonifacio (2009). (b) En comparant directement la photométrie Gaia EDR3 dérougie, aux données des isochrones PARSEC (mèthode utilisé pour deriver les paramèters dan l'échantillon des étoiles pauves en Li). (c) En analysant les spectres stellaires avec MyGIsFOS en laissant tous les paramètres stellaires libres. Ces différentes techniques donnent un bon accord dans la détermination des paramètres atmosphériques des étoiles. Le résultat est donné dans la table 4. 12 LES ÉTOILES À GRANDE VITESSE La vitesse de microturbulence ξ est définie en exigeant que toutes les raies de Fe i ayant des largeurs équivalentes différentes donnent des abondances de Fe égales. Différentes techniques ont été étudiées pour dériver ξ: (a) En utilisant une relation empirique qui lie ξ à d'autres paramètres stellaires (Mashonkina et al., 2017). Nous avons utilisé cette relation empirique bien qu'elle ait été établie à partir d'un échantillon d'étoiles plus déficientes que les notres. (b) En utilisant la méthode de Monaco et al. (2005), établie à partir de la population de la galaxie du Sagittaire. TYC 1193-1918-1 a une métallicité comparable à celle de l'échantillon Sgr, mais TYC 622-742-1 est environ 0.5 dex plus pauvre en métaux. (c) En utilisant la relation de Dutra-Ferreira et al. (2016), établie à partir des étoiles de l'amas des Hyades en utilisant des modèles d'atmosphères en 3D. (d) En demandant au programme MyGIsFOS de dériver ξ afin qu'un ensemble sélectionné de raies de Fe i d'intensités différentes, donnent toutes la même valeur de l'abondance en Fe.

Toutes les valeurs de ξ obtenue par ces différentes méthodes sont en bon accord (voir la table 5). La vitesse de microturbulence donnée par MyGIsFOS a été adoptée dans ce travail car les spectres sont de bonne qualité.

Méthode

TYC 622-742-1 TYC 1193-1918-1 ξ Mashonkina et al. (2017) J'ai mesuré l'abondances de 28 éléments (C, N, O, Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Y, Zr, Ba, La, Ce, Pr, Nd, Sm et Eu) et, pour quatre éléments(Ti, Cr, Fe et Zr) ces abondances ont été obtenues à partir de deux états d'ionisation. Les abondances des éléments depuis Na jusqu'au Zn ont été établies à l'aide du code MyGIsFOS. Ce code utilise une grille de spectres synthétiques basée sur les modèles ATLAS 12, et calculée avec le code SYNTHE. Pour les éléments lourds où les raies sont souvent mélangées avec des raies parasites, on a calculé le spectre synthétique avec Turbospectrum en utilisant des modèles ATLAS 12. Les deux étoiles présentent une distribution d'abondance typique des étoiles pauvres en métaux, elles sont enrichies en éléments α, pauvres en Y, avec un léger excès d'Eu. En outre, TYC 622-742-1 présente un légèr excès de Zr, Pr, Nd et Sm. La figure 6 illustre la distribution des abondances dans TYC 622-742-1 et TYC 1193-1918-1 en les comparant à des étoiles aux caractéristiques similaires de la littérature.
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LES ÉTOILES À GRANDE VITESSE de Caffau et al. (2020) et les points jaunes aux étoiles de Gratton et al (2000).

LES ÉTOILES À GRANDE VITESSE

Les bandes moléculaires ont été utilisées pour dériver les abondances de C et N. Pour C on a utilisé la bande G formée par les raies CH autour de 428 nm et pour N la bande de CN à 418 nm. Les abondances d'O sont basées sur les deux raies interdites de [OI]. Les deux étoiles géantes étudiées sont pauvres en C et riches en N ce qui traduit un mélange de l'atmosphère avec la couche qui subit le cycle CNO au cours de l'évolution stellaire. Pour l'étoile TYC 1193-1918-1 il a été possible de dériver le rapport isotopique du carbone, 12 C/ 13 C = 4.91 +6.5 -1.9 . Cette faible valeur du rapport 12 C/ 13 est la preuve d'une mélange de l'atmosphère de létoile avec les couches profondes. La figure 7 montre que les étoiles à grande vitesse TYC 622-742-1 et TYC 1193-1918-1 ont des abondances de C, N, O compatibles avec ce que l'on attend pour des étoiles de ce type (Caffau et al., 2020;Fulbright, 2000;Ishigaki et al., 2013;Valentini et al., 2019). La cinématique peut aider aussi à comprendre l'origine de ces deux étoiles évoluées sélectionnées pour leur grande vitesse par rapport au Soleil. Afin de déterminer les paramètres cinématiques de ces étoiles on a utilisé le code Galpy (Sestito et al., 2019). L'analyse révéle que les paramètres orbitaux et cinématiques des deux étoiles sont typiques des étoiles du halo. En plus de se caractériser par leur haute énergie, TYC 622-742-1 et TYC 1193-1918-1 sont rétrogrades et ont des orbites extrêmes et très elliptiques. L'étude note qu'aucune des deux étoiles ne fait partie de la structure Gaia-Sausage-Encelade (voir figure 8). Cependant, TYC 1193-1918-1 est probablement un élément de la structure Sequoia, tandis que TYC 622-742-1 est compatible avec une formation in situ dans notre Galaxie.

PRISTINE: UN ÉCHANTILLON DE CANDIDATS PAUVRES EN M ÉTAUX S ÉLECTIONN ÉS PAR PHOTOM ÉTRIE À BANDE ÉTROITE

L'échantillon Pristine (Starkenburg et al., 2017) est un échantillon d'étoiles pauvres en métaux sélectionnées dans l'hémisphère Nord, observées au télescope Canada-France-Hawaii, grâce à l'imageur grand champ MegaCam équipé d'un filtre à bande étroite centré sur les raies H et K de Ca ii à 396,857 nm et 393,37 nm. Ce doublet est un excellent indicateur de la métallicité stellaire. En combinant cette photométrie avec les magnitudes g,r,i du SDSS, (Starkenburg et al., 2017) ont pu sélectionner un ensemble d'étoiles pauvres en métaux (catalogue CaHK).

Dans ce catalogue CaHK nous avons cherché à identifier les étoiles les plus déficientes en croisant les données de ce catalogue avec la photométrie à large bande de Gaia (Caffau et al., 2020). Cela permet de casser la dégénérescence gravité-métallicité. Nous avons ainsi beaucoup amélioré la sélection des étoiles en fonction de leur métallicité. Les spectres de 135 étoiles naines et géantes ont été acquis avec le spectrographe à basse résolution FORS sur le VLT 8,2 m de l'ESO. Nous avons trouvé que ces étoiles ont une composition chimique homogène et nous avons détecté plusieurs étoiles relativement pauvres en éléments α. Dans la figure 9 je montre pour une étoile de notre échantillon, la comparaison du spectre observé de la band G du carbone, avec un spectre synthétique calculé. Dans cet échantillon, on n'a trouvé qu'un petit nombre d'étoiles riches en carbone (CEMP): seulement neuf sur quatre-vingt-dix-neuf pour lesquelles l'abondance en C a pu être mesurée. Nous trouvons donc une fréquence des étoiles CEMP plus faible que celle trouvée par exemple par Placco et al. (2014). Par ailleurs l'étude cinématique des étoiles de notre échantillon montre qu'une fraction importante de ces étoiles a probablement été accrétée.

Figure 9: Bande G pour une étoile observée par FORS2, discuté en (Caffau et al., 2020).

J'ai poursuivi ce travail en étudiant un plus petit échantillon Pristine observé à grande résolution avec le spectrographe NARVAL en me concentrant sur les étoiles les plus déficientes en métaux sur la base de la photométrie. A cette fin, j'ai utilisé en plus la photométrie à large bande APASS un relevé photométrique du ciel qui utilise 8 fitres à bande large. Quinze étoiles, dix naines et cinq géantes ont été sélectionnées.

La vitesse radiale des étoiles a été calculée par corrélation croisée dans la région du triplet du magnésium (entre 515 nm à 522 nm) avec un masque théorique calculé dans ce domaine. Les résultats sont donnés dans la table 7 et un exemple de pic de corrélation est donné dans la figure 10. Les paramètres stellaires (table 6) ont été définis en combinant la photométrie et les parallaxes de Gaia DR2 avec la photométrie Pristine, selon la méthode décrite dans Bonifacio et al. (2019a). Le rougissement est corrigé avec les cartes de Schlafly & Finkbeiner (2011). En supposant une masse stellaire de 0.8M ⊙ (une valeur raisonnable pour des vieilles étoiles, comme prévu dans l'échantillon Pristine) dans l'équation de Stefan-Boltzman et en tenant compte de la grille théorique couleur-couleur, la gravité superficielle est obtenue. La température effective et la métallicité sont dérivées de l'ensemble fini de points dans le plan couleur-couleur à l'aide de la triangulation de Delaunay et des coordonnées barycentriques. Une valeur de 1.5 km/s a été adoptée pour la vitesse d microturbulence dans toutes les étoiles parce que le rapport signal sur bruit (S/N) des spectres était très faible et qu'il n'a pas été possible de déterminer directement cette valeur. Pour trois étoiles, Pristine 183.1112+16.3604, Pristine 219.0145+11.6057 et Pris-tine 232.8856+07.8678, la calibration ne fournit pas de métallicité car la photométrie de l'étoile les place en dehors de notre grille théorique. Toutefois, la température effective et le log g ont été conservés car ces valeurs se sont montrées cohérente avec les paramètres dérivés d'un isochrone (décrit ci-dessous).

Star

Teff À des fins de vérification, les valeurs des paramètres atmosphériques des étoiles ont été calculées avec deux autres méthodes: a) À l'aide des isochrones, pour ce faire, le catalogue Pristine est mis en correspondance avec le catalogue SLOAN et le rougissement est pris en compte à l'aide des valeurs de Schlegel et al. (1998). On utilise la parallaxe et la photométrie de Gaia avec la métallicité dérivée grâce à MyGIsFOS, et on compare aux isochrones PARSEC. b) En utilisant la calibration de Starkenburg et al. (2017) La concordance est très bonne pour les valeurs de T e f f obtenues par ces différentes techniques, mais la comparaison des valeurs de log g montre que les étoiles naines présentent une meilleure cohérence que les étoiles géantes.

Quand on compare la métallicité basée sur des paramètres déduits de la calibration Pristine de Starkenburg et al. (2017) avec la métallicité obtenue à partir de l'étude spectroscopique on voit que l'accord n'est pas très bon. Par contre il y a une assez bonne cohérence entre la métallicité spectroscopique et celle que l'on estime à partir des données Pristine combinées avec les données Gaia. On voit toutefois sur la figure 11 que cela est moins bon pour les étoiles évoluées. Cela peut être dû au fait que la photométrie APASS, est de moins bonne qualité dans le nord que dans le sud, en raison de plus mauvaises conditions météorologiques.

Figure 11: Comparaison des différentes méthodes dérivées pour les paramètres stellaires. Les étoiles sont divisées en évoluées (symboles rouges) et non évoluées (symboles bleus). En haut à gauche: La température fournie par Starkenburg et al. (2017) obtenue grâce à Pristine et SDSS avec le T eff utilisé dans l'échantillon analysé. En haut à droite: La température obtenue grâce aux iscoromes par rapport aux valeurs adoptées dans l'étude. Au milieu: Le log g obtenu par la méthode de l'isochrone comparé à celui obtenu par la méthode de calibration et d'analyse des données adoptée ici. En bas à gauche: Les valeurs Pristine, basées sur la couleur g-i, par rapport à celles dérivées de l'analyse spectroscopique. En bas à droite: Étude comparative de la calibration photométrique et de la spectroscopie.

19 PRISTINE: UN ÉCHANTILLON DE CANDIDATS PAUVRES EN MÉTAUX SÉLECTIONNÉS PAR PHOTOMÉTRIE À BANDE ÉTROITE b) Les paramètres stellaires de Pristine 219.0145+11.6057 peuvent indiquer qu'il s'agit d'une étoile de type λ Bootis. c) Pristine 246.4405+15.0899 pourrait être une RR Lyrae. Cette étoile appartient à la Branche Horizontale et sa cinématique indique qu'elle se trouve dans le halo externe. d) La calibration Pristine permet une bonne sélection d'étoiles géantes pauvres en métaux, mais est fragile pour les étoiles naines. L'utilisation de la bande étroite de Pristine associée à l'utilisation de la bande photométrique large de Gaia et de la parallaxe de l'étoile, permet une amélioration décisive de la détermination de la métallicité pour, en particulier, les étoiles évoluées. 

PROJET MINCE

MINCE (Measuring at Intermediate metallicity Neutron-Capture Elements) est un projet destiné à mesurer l'abondance des éléments formés par capture de neutrons dans les régions de métallicité intermédiaire, -2.5 ≤ [Fe/H] ≤ -1.5. L'enquête se concentre sur cette gamme de métallicité qui est moins explorée que les régions plus riches ou plus pauvres en métaux. Le but est de déterminer les abondances chimiques des éléments plus lourds que le Zn. Pour atteindre son objectif, MINCE emploie plusieurs sites d'observation: i) le TNG de 3.58 m équipé de HARPS-N, ii) le télescope NOT de 2.56 m avec le spectrographe FIES, iii) le télescope de 1.93 m de l'OHP doté de SOPHIE iv) le CFHT de 3.6 m avec le spectrographe ESPaDOnS v) MAO un télescope de 1.6 m avec le système VUES vi) le MPIA de 2.2 m avec FEROS vii) le télescope Magellan de 6.5 m avec le spectrographe Mike viii) et le VLT de 8.2 m de l'ESO avec le spectrographe UVES.

J'ai participé à l'élaboration des méthodes d'analyse de ces données. On utilise le code automatique MyGIsFOS en vérifiant que le programme fait les bons choix. Comme la résolution des spectres n'est pas la même d'un spectrographe à l'autre, on a généré un réseau de spectres synthétiques élargis coincidant mieux avec l'élargissement observé des raies spectrales. On a sélectionné un ensemble de raies non contaminées par des raies voisines. La mesure de la largeur à mi hauteur (FWHM) de ces raies sera utilisée pour mesurer l'élargissement des spectres observés ce qui permettra une meilleure homogénisation des résultats. J'ai participé à deux campagnes d'observation: observation avec le spectrographe SOPHIE à l'OHP et observation avec le spectrographe FIES au NOT. Par ailleurs j'ai contribué à l'analyse de ces étoiles.

⋆ Observation avec SOPHIE

Le projet MINCE m'a fourni l'opportunité de réaliser une observation autonome avec le spectrographe SOPHIE (Spectrographe pour l'Observation des Phénomènes des Intérieurs stellaires et des Exoplanètes) à l'Observatoire de Haute Provence (OHP) dans le sud-est de la France, sur un plateau près de la ville de Saint-Michel dans le département des Alpes-de-Haute-Provence. Ces observations font partie d'un ensemble de trois séries d'observations utilisant trois spectrographes sur différents télescopes: SOPHIE à l'OHP, ESPaDOnS au CFHT et HARPS-N au TNG. La seule observation qui n'a pas été réalisée en "mode service" est celle que j'ai faite à l'OHP avec SOPHIE.

La sélection des étoiles avec une métallicité de -2.5 ≤ [Fe/H] ≤ -1 est basée sur la photométrie de Strömgren à partir du catalogue de Paunzen (2015) et sur la calibration de la métallicité pour géantes de Casagrande et al. (2014). Les observations ont été faites du 13 au 16 septembre 2019. avec le mode "Haute Resolution" de SOPHIE. La réduction des données se fait "à la volée" grâce au pipeline qui acquiert également vitesses radiales.

Ces observations ont été utilisées dans l'article de Lombardo et al. (2021) où 26 étoiles géantes brillantes et riches en métaux (-0.4 ≤ [Fe/H] ≤ 0.4) sont analysées. L'étude montre qu'il s'agit d'étoiles qui, lorsqu'elles étaient sur la séquence principale, avaient un type spectral entre A et B. Ces étoiles ont des orbites progrades à faible éccentricité autour du centre galactique, elles font partie de la population du disque mince. La plupart de ces étoiles présentent une métallicité quasi-solaire en raison d'un défaut de sélection connu comme dégénérescence âge-métallicité. Cette dégénérescence est due au fait que dans un diagramme magnitude couleur des isochrones d'étoiles vieilles pauvres en métaux se superposent avec des isochrones d'étoiles riches en métaux beaucoup plus jeunes. La calibration de Casagrande et al. (2014) suppose que les étoilees sont vieilles et pauvres métaux. Lorsqu'elle est appliquée à de jeunes étoiles riches en métaux, elle fournit une estimation erronée de la métallicité.

⋆ Observation avec FIES Campagne d'observation au FIES (FIbre-fed Echelle Spectrograph). Ce spectrographe échelle à dispersion croisée et à haute résolution est installé sur le télescope optique nordique NOT (Nordic Optical Telescope), situé au sommet du Roque de los Muchachos, sur l'île espagnole de La Palma.

Les étoiles candidates ont été sélectionnées comme des étoiles géantes brillantes (V < 10.5) et pauvres en métaux ([M/H] < -0.7). À cette fin, on a consulté le catalogue Anders et al. (2019) basé sur le code Starhorse. Comme les bandes photométriques larges fournissent des informations limitées sur la métallicité, on a ajouté une condition cinématique. Cette exigence est basée sur la sélection des étoiles que Starhorse a prédit comme étant pauvres en métaux et qui ont une vitesse totale v tot ≥ 200kms -1 . La période d'observation a duré trois nuits, du 26 au 29 septembre 2021. Il était prévu d'utiliser la fibre 4 qui donne une résolution R=65000, avec l'objectif d'obtenir un rapport S/N par pixel > 40 pour la région bleue du spectre, λ < 420 nm. On pensait faire 2 ou 3 expositions de 1800s et vérifier après chaque exposition que le rapport S/N désiré était atteint, sinon une intégration supplémentaire aurait été nécessaire. En raison des mauvaises conditions atmosphériques, le télescope n'a pas pu être ouvert pendant toute la période d'observation, principalement en raison de la présence de cendres volcaniques provenant de l'éruption du volcan de La Palma. En plus, la deuxième nuit, il a plu, et la troisième nuit, le vent soufflait avec des valeurs légèrement supérieures à 11 m/s.

Chapter 1 Introduction

The different Galactic stellar populations are characterised by different abundances and abundance ratios, that are also the signature of different nucleosynthesis processes. The ability to determine detailed chemical composition of the stars can then provide new insight in the study of Galactic evolution. In the era of Gaia the chemical pattern of the Galactic stars can be combined with the kinematical properties allowing to help understanding the formation and evolution of the Milky Way (MW).

Metal-poor stars are particularly interesting in understanding the past history of our Galaxy, because these stars trace back an epoch that cannot be observed directly. This is the reason why a lot of effort has been/is dedicated to find metal-poor candidates. Several technique have been used for this, among others: (i) search in low-resolution spectroscopic database (e.g. Sloan Digital Sky Survey (SDSS)1 ); (ii) use narrow-band photometry combined with wide-band photometry to select the most promising candidates (see e.g. Pristine, chapter 5); (iii) select stars with extreme kinematics with respect to the Sun, in a way to select Halo stars, which are metal-poor (see e.g. Caffau et al. 2020). Among the stars I analysed, a sample of two stars were selected for their high speed (see chapter 4) and a sample of stars was selected by using the narrow-band Pristine photometry combined with the wide-band AAVSO Photometric All-Sky Survey (APASS) photometry2 (see chapter 5).

In my PhD project I took advantage of the data provided by the Gaia satellite (distance, velocity and precise photometry of the stars) in the investigation of my samples of peculiar Galactic metal poor stars, to derive trustable stellar parameters, detailed chemical pattern and kinematic properties to be able to highlight (if existing) any peculiarity in the stars investigated. I had also the chance to be involved in the use of narrow-band photometry, combined with wide-band photometry, to select metal-poor candidates. I have been part of the Pristine collaboration and (i) I analysed a sample of stars observed at Narval and (ii) took part of the analysis of a sample of stars observed with the visual and near UV FOcal Reducer and low dispersion Spectrograph (FORS, Appenzeller et al., 1998) for the Very Large Telescope (VLT) of the European Southern Observatory (ESO).

The three main problems I investigated are the following: ♦ The old, un-evolved, metal-poor stars, whatever their temperature and their gravity for T eff ≳ 5900 K and log g ≳ 3.7 (Bonifacio et al., 2007), have all the same lithium content (Spite & Spite 1982). Recently (Sbordone et al. 2010), it has been discovered that at the lowest metallicity ([Fe/H] < -3) several stars show a paucity in Li.

One goal of my thesis was to understand if these stars have any other peculiarity in their chemical pattern or in their kinematic properties (see chapter 3).

♦ The Galactic halo is formed by accreted stars and stars formed in situ (Jean-Baptiste et al., 2017). Some of the halo stars show an extreme kinematics, but what about their chemistry? Derive the chemical pattern of such high-speed halo stars and compare them to less extreme samples could give insight in their nature (see chapter 4).

♦ Narrow-band Pristine photometry, combined with wide-band photometry has been used to select metal-poor stars. Gaia parallaxes have allowed to break the degeneracy between metallicity and surface gravity that affects any colour that combines the Pristine photometry with wide-band photometry (see chapter 5). Does this better calibration of the photometry lead to a more accurate determination of the metallicity?

Chapter 2

Gaia

In this section I introduce the Gaia mission because its precise photometric and astrometric data have been fundamental in this thesis. I complemented its invaluable information with chemical investigation and radial velocity determination on the observed spectra I analysed.

The name Gaia is coming from the acronym of Global Astrometric Interferometer for Astrophysics [START_REF] Lindegren | [END_REF]. Gaia is a satellite (see Fig. 2.1) of the European Space Agency (ESA) and the successor to the Hipparcos mission (1989)(1990)(1991)(1992)(1993) 1 . Gaia was launched on 19 th December 2013 and, after the journey to the second Lagrange point and a commissioning phase, it started operating on 14 th July 2014, and it was expected to operate for five years. The mission was extended by three years and is expected to operate until 2022. It is located at the Lagrange point L2 (Lagrange, 1873), the quasi-stable equilibrium point of the Sun-Earth system at a distance of 1.5 million kilometres from the Earth in the anti-Sun direction. This point has the same orbital period as the Earth and it is placed behind the Sun, the Earth and the Moon. This location avoids eclipses in order to minimize thermal variations and preserving the solar radiation needed for electricity supply.

The Gaia satellite (Perryman et al., 2001) provides astrometric, photometric and spectroscopic data that allows a census of the MW and the creation of a Galactic threedimensional map (Gaia Collaboration et al., 2016). One goal of the mission is to characterise the Galactic stellar populations by monitoring position, movements, changes in brightness, etc. Gaia does not observe just Galactic stars but also extrasolar planets, asteroids, and extragalactic sources (stars and galaxies, supernovae) (Perryman et al., 1997;[START_REF] Mignard | The Three-Dimensional Universe with Gaia[END_REF].

Gaia has two optical telescopes that send the photons to three instruments focused on three functions: (i) astrometry, (ii) spectro-photometry and (iii) spectroscopy. The instruments are placed on a quasi-octagonal shaped silicon carbide (SiC) optical bench. The satellite has a common structure and a single focal plane2 .

(i) The astrometric instrument [START_REF] Lindegren | Proc. SPIE[END_REF] measures the relative positions of objects brighter than magnitude 20 by determining their angular position. It also measures the fluxes of the objects in the G band, from where the G magnitude is derived. The astrometric part of the focal plane is composed of a 62 Charge-Coupled Device (CCD) mosaic (Hog, 1993;[START_REF] Lindegren | Proc. SPIE[END_REF].

(ii) The Gaia spectrophotometric instrument (Pel, 1995;Straizys & Hog, 1996;Høg et al., 1999;Babusiaux & Luri, 2003) is composed of two prisms of fused silica, it works at low resolution and it operates down to magnitude 20. It provides the spectral energy distribution of the sources in the two bands. The blue spectrophotometer (BP) covers the wavelength range 330 to 680 nm with a spectral dispersion ranging from 3 to 27 nm / pixel, while the domain of the red spectrophotometer (RP) goes from 640 to 1050 nm with a spectral dispersion that varies from 7 to 15 nm / pixel (Munari & Castelli, 2000;Zwitter et al., 2003;Pourbaix & Jancart, 2003;Liu et al., 2012).

(iii) The spectroscopic instrument is called a Radial Velocity Spectrometer (RVS) (Katz et al., 2004;[START_REF] Katz | The Three-Dimensional Universe with Gaia[END_REF]. It is an integral field spectrograph that scatters light through a matrix surrounded by four prismatic fused silica lenses. It acquires medium resolution spectra and operates in the wavelength range of 845-872 nm, with a spectral resolution of about 11500.

The space environment and design of Gaia provide a sky coverage and accuracy impossible to achieve with ground-based facilities. A complete description of the Gaia payload, mission and science cases can be found in Gaia Collaboration et al. (2016, A&A 595, 2). At present, three Gaia data releases (DR) have been issued: DR1 in September 2016 with parallaxes and proper motions for about 2 millions stars; Gaia Data Release 2 (DR2) in April 2018 containing 1.5 billions sources; Early Data Release 3 (Gaia EDR3) in December 2021, conceived as an early Gaia Data Release 3 (DR3), with improved astrometry with respect to DR2. The complete DR3 is expected for the first half of 2022.

During my PhD project I used the Gaia data mainly from the released EDR3 and in minor part from DR2. Although the content of the catalogue EDR3 is similar to Gaia DR2 measurements are much more accurate and errors are considerably reduced, on the other side, the information about the radial velocity is exactly the same.

I used several data from the Gaia ERD3. The right ascension, the declination, the proper motions, the parallax, together with the radial velocity have been used to derived the stellar kinematics. The magnitude G, the two bands BP and RP and the parallax to derive the stellar parameters.

2.0.1 The Gaia RVS benchmark stars I had the chance to do my PhD in the same group as the Gaia CU6 coordination, in this way I could appreciate the huge intake of the Gaia data, but also to be aware of the limitations. In particular I was involved in the radial velocity topic. To derive a precise radial velocity, a wide spectral range and a high spectral resolution are required. The resolution of the Gaia RVS is not high and the wavelength range is limited so that the expected precision is of the order of 1 kms -1 , absolutely sufficient for studies such as the kinematical investigation of the Galaxy. To have an accurate radial velocity, a well defined zero point of the instrumentation is necessary. This is probably the main limitation in the determination of the absolute radial velocity from the Gaia RVS spectra. This is not a problem for science cases such as hunting binary or multiple systems and planets because in this case the radial velocity variations are important and not the absolute one, provided that the zero-point is not changing. But the knowledge of the absolute velocity is really important when the science case needs a precise kinematics. The problem is that in the RVS observation the zero point is variable in time. The RVS does not have a wavelength calibration lamp so it uses stars with known radial velocity to derive the dispersion relation and improve its own determination of the line spread function (LSF). Therefore, having a large number of ground based calibrators can enhance the accuracy of the radial velocity derived by Gaia. Ground based observations can provide high-quality spectra to be used in the LSF determination and RVS zero-point calibration.

In the ESO periods P104, 105 and 106, my group obtained several hundreds spectra with the Ultraviolet and Visual Echelle Spectrograph (UVES Dekker et al., 2000) at VLT. The goal of the observations was to build a library of observed spectra in the wavelength range of the RVS, to be used for the radial velocity determination in order to help Gaia to provide as reliable and precise measurements as possible. The observations acquired is/will be put in the Gaia RVS benchmark database and are used to determine the LSF across all the RVS focal plane and will be used to improve the radial velocity determination of the RVS spectra.

The investigation was presented in Caffau et al. (2021), where the first sample of 80 evolved, bright stars was presented. In this study the stellar parameters and the detailed chemical pattern for all stars is presented. We took advantage of this sample also to investigate Rb, analysing its two resonance lines (780.0 and 794.7 nm) and investigated the deviations from local thermodynamic equilibrium (NLTE). The Rb NLTE investigation is based on the model-atom described in Korotin (2020). The code SynthV was used to compute the LTE and NLTE synthetic stellar spectrum in order to derive the LTE and NLTE abundances of Rb for all the stars in the sample. The kinematic analysis was also done, showing that the stars in the sample are predominantly part of the thin disc, located close to the galactic plane.

The candidates to be observed were selected according to technical constraints, requested by the Gaia CU6. For P104 the selected stars were in the magnitude range 8 < G < 9 and with a high precision in the radial velocity DR 2 catalogue (low uncertainty in the radial velocity determination). With no other requirement from the CU6, we selected stars with southern declination (to be observed also with the wind blowing from north, a situation far from unusual at Paranal) and with no chemical investigation available in the literature, so to increase the sample of bright Galactic stars with a detailed chemical analysis.

I followed closely the chemical analysis of this sample of stars, re-doing in some cases the analysis, in order to have a double check and to have the chance to investigate also solar-metallicity stars. I helped in the preparation for the following proposals for ESO period 105 and 106, then approved. To become familiar with searching in the literature, I was in charge of charging all I could find about this sample of stars, also because during the time it takes from the submission of the proposal and the conclusion of the analysis other investigations could have been done by other groups. It is important to check whether the stars in the sample have been studied because the literature results must eventually be considered and compared to the result obtained.

Chapter 3 Extremely metal-poor stars with Li deficiency

Lithium is a very peculiar element since it can only be formed at a much higher temperature than that at which it is destroyed. It can survive in the atmosphere of the stars if there is no mixing with the hot deep layers. The lithium abundance has been measured in young stars and in meteorites where its value was found close to A(Li)=3, and also in metal-poor dwarfs where A (Li) is generally equal to 2.2 dex or less. This chapter is dedicated to the abundance of Li in metal-poor dwarfs and to the different problems it raises. In section 3.1, we will see how Li has been formed and has enriched the interstellar medium, then in section 3.2 we will recall the level of the Li abundance in the very metalpoor dwarf stars and the difference with the predictions deduced from the standard Big Bang nucleosynthesis (SBBN) theory with baryon density constrained by Planck satellite measurements (first Li problem), and mainly, in section 3.3, we will study the large scatter of the Li abundance in stars of extremely low metallicity (second Li problem), and we will try to find an explanation. This second Li-problem is the core of my work.

Major sites of Lithium production and of Li destruction

Lithium formation during the primordial nucleosynthesis

Lithium is the most massive light element (deuterium, 3 He, and 4 He and 7 Li) formed during the primordial nucleosynthesis. The products of the primordial nucleosynthesis are closely connected to the baryon density, Ω B , which, in the standard model governs the Big Bang nucleosynthesis (BBN) of the elements during the first minutes of the Universe.

The Ω B value has been derived with precision thanks to the data provided by the Wilkinson Microwave Anisotropy Probe (WMAP) satellite [START_REF] Spergel | [END_REF][START_REF] Cutri | Explanatory Supplement to the AllWISE Data Release Products[END_REF]Hinshaw et al., 2013) and, more recently, the Planck satellite (Planck Collaboration, 2013;Planck Collaboration et al., 2016). The estimated value of Ω B in conjunction with the standard Big Bang nucleosynthesis model (SBBN) predicts an abundance of lithium equal to (Coc et al., 2015;Pitrou et al., 2018): 7 Li H × 10 -10 = 5.61 ± 0.26 (3.1) which is equivalent to:

A (Li) = log N(Li) N(H) + 12 ≃ 2.75 ± 0.02 (3.2)

Li formation in stars

The main site of Li-production are probably the classical novae. In the Galaxy, novae represent an important source of 7 Li (e.g. Starrfield et al., 1978;Arnould & Norgaard, 1975;Romano et al., 1999;Matteucci, 2021;Romano et al., 2021). Supernova type Ia or classical nova explosions arise in binary systems when the primary white dwarf (WD) accretes matter from a secondary star that overflows its Roche lobe. When the temperature of the deepest layers of the WD envelope exceed 7×10 7 K, thermonuclear leakage begins, leading to an explosion and the expulsion of the 7 Li rich envelope. Recently, observations confirmed the presence of Li and Be in outburst novae (see e.g. Izzo et al., 2015). But our very or extremely metal-poor stars have been formed at the early beginning of the Galaxy, when novae (whose progenitors are low mass stars) had no time to enrich the matter.

The major mechanism of 7 Li production in stars is the result of the 7 Be production followed by its β decay (Cameron & Fowler, 1971). The nuclear reaction 3 He + α -→ 7 Be + γ takes place at high temperature (> 4 7 K). If the 7 Be newly produced is brought in cooler layers where it is preserved before continuing the PP II or PP III chains, it can survive and decay to 7 Li. This mechanism can take place in the first ascent of the red giant branch (RGB) stars and in the asymptotic giant branch (AGB) stars (see Romano et al., 2021, for details).

Large neutrino fluxes, produced in core collapse supernovae, allow to form neutrons through ν e + p -→ n + e + . In a n-enriched enviroment a D can be formed followed by the PP II and PP III chains that, as in BBN, result in the production of 7 Be and 7 Li (see e.g. Domogatskii et al., 1978). To date, this producation could not be observationally confirmed in the supernovae remnants (Romano et al., 2021).

Li formation by Galactic cosmic rays

Another important source of lithium in the Galaxy is the spallation of Galactic cosmic ray (GCR) (Reeves et al., 1970;Meneguzzi et al., 1971;[START_REF] Mitler | [END_REF]Reeves, 1993;Lemoine et al., 1998;Matteucci, 2021) composed of p, α, and C, N, and O ejected by supernovae explosions. But the GCRs are mainly responsible for the formation of 6 Li.

Finally in the very early Galaxy, it seems that the 7 Li present in the matter which formed the oldest Galactic stars, was only significantly built during the primordial nucleosynthesis.

Lithium destruction

Lithium is a particularly fragile element since it is destroyed when it reaches a temperature of 2.6 x 10 6 K. The two isotopes ( 6 Li and 7 Li) are destroyed by fusion with H nuclei, giving rise to two helium atoms. 7 Li + p ←→ 4 He + 4 He 6 Li + p ←→ 4 He + 3 He 6 Li + 2 H ←→ 4 He + 4 He It is thus clear that, if there is any mixing that brings material from the stellar atmosphere to layers where Li is destroyed by nuclear reactions and then brought to the atmosphere again, we must observe a depletion of Li with respect to its abundance in the gas cloud from which the star was born. Such mixing can be due to convection, as observed and predicted theoretically, in the Sun and solar type stars (see e.g. Yelles Chaouche et al., 2014, and references therein). This is the reason why the Li abundance in the Solar photosphere (A(Li) = 1.03 Caffau et al. 2011) is almost a factor 200 lower than that in the meteorites (A(Li) = 3.28 Lodders et al. 2009). When a star evolves from the Main Sequence to the Red Giant Branch (RGB), as a consequence of the cooler effective temperature, the convection zone becomes deeper and more material that is Li-free is brought into the atmosphere, resulting in a lower Li abundance (see e.g. Mucciarelli et al. 2012 and references therein). This effect is usually referred to as Li dilution, the Li initially present in the atmosphere is not brought deep enough to be destroyed, but it is diluted with Li-free material brought up from deeper layers. As the star climbs up the RGB, the convection reaches deeper layers and the Li present in the atmosphere is finally destroyed, no measurable Li appears in the atmosphere. The effect occurs at a well defined effective temperature (slightly dependent on the metallicity) as can be seen in Spite et al. (2005) and is accompanied by other signs of mixing with CNO-processed material, such as decreased 12 C/ 13 C ratio, tending to the value of three (the equilibrium value of the CNO cycle), increased N abundance and lowered C abundance (Spite et al., 2005(Spite et al., , 2006)).

Metal-poor Turn-Off (TO) stars, have a much shallower convection zone than solar metallicity stars, so that it is expected that such stars should preserve their initial lithium content, at variance with what happens in the Sun (see e.g. Salaris & Weiss, 2001, Table 1). A complication is the effect of atomic diffusion, that can cause the Li to "sink" below the observable atmosphere. In the computations of Salaris & Weiss (2001), the Li does not sink low enough to be destroyed but "hides" below the atmosphere and can be restored as the star evolves off the TO and the convection deepens. The situation is different for the turbulent diffusion models of Richard et al. (2005), which predict a destruction of at least a factor of two of the initial Li abundance, in presence of a weak turbulence. The debate on which models for Li abundance in old metal-poor stars are the correct ones is not yet settled.

Lithium abundance in the old very metal-poor stars, and the cosmological Lithium problem

Since the metal-poor stars with a metallicity lower than [Fe/H]=-2.0 are very old (they were born during about the first Gyr after the birth of the Galaxy), novae had no time to enrich the matter before their birth. Thus in a sample of metal-poor stars where phenomena of destruction/dilution are not expected (TO stars), we could expect that the measured lithium abundance is representative of the Li abundance built during the primordial nucleosynthesis.

In 1982, Spite & Spite measuring the lithium abundance in the atmosphere of a sample of Galactic metal-poor dwarf stars observed that, regardless of effective temperature (as soon as Teff > 5900K) or metallicity, (for [Fe/H] < -1.8) these metal-poor dwarf stars shared the same Li abundance, a flat trend now called the "Spite plateau" (Spite & Spite, 1982), and the level of the Li abundance of this "plateau" is at about:

A(Li) = log(N Li /N H ) + 12 ≈ 2.1
(e.g. Bonifacio et al., 2007) An updated representation of this plateau is given in Fig. 3.1. This value was, for a long time, associated with the abundance of Li created by the Big Bang nucleosynthesis. A plateau of the Li abundance, seems to exist, at the same level, in external galaxies.

-Analysing the spectra of unevolved stars in ω Centauri, (considered as the remnant of a dwarf galaxy accreted by the Milky Way), Monaco et al. (2010) found a uniform Li abundance: A(Li) = 2.19±0.14 dex. A value very close to the measurements of Li in Galactic metal-poor stars.

- Aguado et al. (2021) found a similar value of the lithium plateau in the metal-poor stars of the S2 stream, also considered as a remnant of an accreted dwarf galaxy. They measure the Li doublet in J0026+0037 (A(Li) = 2.30±0.10 dex), J0049+1533 (A(Li) = 2.20±0.10 dex) and J0206+0435 (A(Li) = 2.26±0.10 dex).

- Mucciarelli et al. (2014) came to the same conclusion while studying stars in M 54 a globular cluster in the Sagittarius galaxy. In fact, M 54 could also be the nucleus of this galaxy, so potentially it is not a typical globular cluster (see e.g. Monaco et al., 2005b). Anyway, Mucciarelli et al. (2014) investigating the Li abundance obtained A(Li) = 0.93 ± 0.11 dex, which, taking into account the effect of the dilution due to the dredge-up, provides an initial A(Li) of 2.29 dex if atomic diffusion is not taken into account or 2.35 dex if diffusion is considered.

Finally it seems that the existence of a plateau of the Li abundance at low metallicity is universal. This value is about three times less than the Li abundance built during the primordial nucleosynthesis if the SBBN model and Planck data are adopted (see section 3.1.1 and Fig. 3.1). This important disagreement is known as the "cosmological lithium problem" or the "first Li problem". Up to now its cause is not clearly understood: → Stellar problem: Is lithium partially destroyed in the old metal-poor dwarfs? → Cosmological problem: Is there something wrong in the standard Big-Bang nucleosynthesis? I will not try to solve this "conflict", but maybe the study of the Li abundance in the extremely metal-poor stars can shed some light on this contradiction.

Lithium abundance in the old extremely metal-poor stars (EMP), and the second Lithium problem

The stars with an iron abundance lower than [Fe/H]< -2.8 present a large scatter of the abundance of lithium, always presenting values equal to or lower than the Spite plateau. This phenomenon has been observed first by Ryan et al. (1999) who reported that two TO stars BD+09 2190 and CD-24 1750, with [Fe/H] ≤ -2.8, had a Li abundance significantly lower than the Spite plateau. Bonifacio et al. (2007) and Aoki et al. (2009) found later some other EMP TO stars with a strong Li deficiency. Sbordone et al. (2010) in a systematic study of a larger sample of dwarfs with [Fe/H] ≤ -2.4, confirmed that below [Fe/H] ≤ -2.8 the scatter of the Li abundance was very large (see Fig. 3.2). Since no star was found with a Li abundance above the Spite plateau but many below, they called this phenomenon the "meltdown" of the Spite plateau. Figure 3.3 is an update of Fig. 3.2, including the most metal-poor dwarfs known today with [Fe/H] ≤ -4 , the stars studied in the frame of the ESO Large programs "First stars" (Bonifacio et al., 2007), "Turn Off Primordial Stars (TOPoS)" (Bonifacio et al., 2015;Caffau et al., 2016), and other samples of the literature.

However, these different works did not allow to understand the cause of the sudden and frequent depletion of Li at very low metallicity. We thus decided to take advantage of the new Gaia data to determine more precise parameters of the atmosphere of the stars and thus more precise abundances of the elements, in order to determine whether any abundance anomaly in the atmosphere of the Li-poor stars could help to constrain the mechanism responsible for the meltdown of lithium plateau below [Fe/H]=-2.8. We also decided to compare the kinematics of these Li-poor stars to the kinematics of the Li-normal TO stars. (Here we call Li-normal stars, metal-poor dwarfs or TO stars which have a Li abundance close to the Spite plateau). For this study, a sample of 11 dwarfs was selected from Sbordone et al. (2010)'s sample of stars. In 2010, Sbordone et al. measured only the abundance of Fe and Li in these 11 stars. These stars have good quality spectra, they are not "ultra metal-poor" (all these stars have -3.4 < [Fe/H] < -2.49), thus it was possible to study the behaviour of a large number of elements. To enlarge the sample of metal-poor stars with and without Li anomaly, we also compared the abundances of the elements in our sample of metal-poor dwarfs to the sample studied in the frame of the ESO Large program "First stars" obtained in similar conditions (Bonifacio et al., 2009). Figure 3.3: Li abundance vs. [Fe/H] from Bonifacio et al. (2018). Visualisation of the meltdown phenomenon at the lowest metallicities (Bonifacio et al., 2018). The different symbols and colours represent: a)filled hexagons: carbon normal stars from the literature, b) star: CEMP stars of the low-carbon bands from the literature, c) crossed squares: CEMP stars of the high-carbon bands from the literature, d) red colour: measurements and upper limits from Bonifacio et al. (2018), e) blue colour: measure and upper limits by Bonifacio et al. (2015) and Caffau et al. (2016), f) black crosses: binary system CS 22876-032 (González Hernández et al., 2008), g) black square: star J0023+0307 by Aguado et al. (2019b) and h) green dashed line: the level of the Spite plateau as determined by Sbordone et al. (2010).

Observations and reductions

The observations were extensively described in Sbordone et al. (2010). The eleven stars were observed with the ESO spectrograph UVES with a resolving power R ≈ 40000 in the range 330-451 nm and 478-680 nm. For two stars in the sample (BS 17572-100 andHE 1413-1954) we used also the UVES spectra available in the ESO archive, covering the wavelength range 376-497 nm. The S/N in the blue is about half of the value measured in the region of the Li line (670 nm), given in the table 1 of Sbordone et al. (2010). The spectra were reduced and analysed with the same procedures as those used by Cayrel et al. (2004); Bonifacio et al. (2007Bonifacio et al. ( , 2009)). The equivalent widths of the unblended lines were measured by fitting gaussian profiles, following the code described in Franc ¸ois et al. (2003).

Atmosphere parameters

Gaia DR 21 (Gaia DR2 Gaia Collaboration et al., 2016Collaboration et al., , 2018;;Arenou et al., 2018) was used to obtain the distances (by a simple inversion of the parallax) and the apparent magnitudes G, BP, RP of the stars. This allows us to derive the absolute magnitude G 0 , and the color (BP -RP) 0 , of the stars taking into account their distance and their reddening. The adopted reddening E(B -V) A was estimated from the maps of Schlegel et al. (1998) using the procedure described in Bonifacio et al. (2000), to compensate the overestimation of the reddening given by the Schlegel et al. E(B -V) S , (see also Arce & Goodman, 1999). The position of our stars in a G 0 , (BP -RP) 0 diagram was then compared to the predictions of the PARSEC isochrones (Bressan et al., 2012;Marigo et al., 2017, see Fig. 3.4). For a given age, and a given metallicity, these isochrones give for each star: mass, G 0 , (BP -RP) 0 and also T eff and log g. Let us remark that for these stars, an uncertainty on the age of the star (as in Fig. 3.4) does not induce a significant error in T eff and log g. But, if, at the end of the study, it is found that these computations have been done with a wrong estimation of the metallicity of the star, an iteration is done. The microturbulence (v t ) was determined by ensuring that the abundance of iron is independent of the equivalent width of the lines.

E(B -V) A = E(B -V) S if E(B -V) S ≤
We have compared these "Gaia parameters" to those used by Sbordone et al. (2010). They had derived the effective temperature from the Hα lines wings profile, computed by means of 3D hydrodynamical atmosphere models, and the surface gravity was deduced from the ionisation equilibrium of Fe.

In figure 3.5 the effective temperatures and the gravity we adopted from the Gaia data, were compared to the values adopted by Sbordone et al. (2010). The agreement of the T eff values is very good. But there is a small systematic difference between our values of log g and the Sbordone et al. (2010) values. This difference can be explained by the fact that in Sbordone et al. (2010) the Fe i abundance is affected by NLTE effects which had not been taken into account. 

Chemical analysis

Our chemical analysis is based on MARCS model atmospheres (Gustafsson et al., 1975(Gustafsson et al., , 2003;;Plez, 2008) associated to the LTE code Turbospectrum (Alvarez & Plez, 1998;Plez, 2012) which computes line profiles taking proper account of continuum scattering (as discussed in Cayrel et al., 2004).

Turbospectrum computes synthetic spectra to be compared with observations, it also deduces the abundance A(X) (A(X)=log(N(X)/N(H))+12) of an element X from the equivalent width of a line. In most of the cases we deduced the abundances from the equivalent widths of the lines, but when the lines are highly blended (molecular bands), or if the damping wings are important (strong lines with an equivalent width larger than 14 pm), or if the lines are affected by hyperfine structure, the abundance determination was deduced from a spectral synthesis.

In appendix we give line by line the equivalent widths and the corresponding abundance of the elements A(X) λ . Then A(X) is the mean of the abundances A(X) λ deduced from the different lines of the element X, see appendix.

As usual, for each element X:

[X/H] = A(X) -A(X) ⊙ and [X/Fe] = [X/H] -[Fe/H] To calculate [X/H]
we used the solar abundance values A(X) ⊙ , provided by Caffau et al. (2011) when available, otherwise we adopted the ones by Lodders et al. (2009).

Estimation of the errors

Both observational and experimental uncertanties have been considered to derive the error. The observational error is based in the uncertainty in the equivalent width (or the profile) of the lines. In this case the choice of the continuum plays the main role. The uncertainties in the adopted g f values, also contributes significantly to the error. The observational error is predicted as in [START_REF] Hill | [END_REF],

∆A(X) observational = σ/ √ N -1
where N is for each element X, the number of the lines and σ the rms around the mean abundance.

In a conservative way, if an element is represented by only one or two lines, an error of about 0.15 dex, was adopted. For the Li line located at about 670 nm where the S/N of the spectra are higher, a more precise estimation of this error has been done (see next section).

The uncertainties in the determination of T eff , log g and v t have been estimated at 100 K, 0.3 dex, and 0.2 kms -1 . They induce for each element X the error on the abundance of the element:

∆A(X) model = (∆T eff ) 2 + ∆ log g 2 + (∆v t ) 2
For TO stars, these uncertainties on the models parameters correspond to an uncertainty on A(Fe) or [Fe/H] of about 0.11 dex and to 0.07 dex on A (Li). The errors on [X/Fe] are generally less, since an error on, for example the temperature, affects all the elements in about the same way (see table 4 of Bonifacio et al., 2009).

The final error on the abundance of each element is calculated by performing the quadratic sum of the observational error and the model error.

Abundance of the different elements

In the following, we compare the abundances in our sample of stars and in the stars of the ESO Large Programme "First stars, first nucleosynthesis" (LP "First Stars") (Bonifacio et al., 2009;Cayrel et al., 2004). Both samples have been observed and analysed in almost the same conditions. However, they differ in that the spectra of the LP "First Stars" have a higher S/N ratio, and thus the scatter of the abundances for a given [Fe/H] is less.

Lithium abundance

Although the parameters of the models we have adopted are very similar to those adopted by Sbordone et al. (2010) we have repeated the measurement of the Li abundance in the star sample. A traditional analysis based on the spectral synthesis of the 670.7 nm lithium resonance doublet was made. In the three top panels of Fig. 3.6, we show the fit of the Li feature in three stars with a Li abundance compatible with the plateau.

The star CS 22188-033 ([Fe/H] = -2.99) present a significant lithium depletion and it confirms a meltdown of the "Spite plateau" below [Fe/H]=-2.9. In CS 22882-027 the lithium line is not visible and it was only possible to derive an upper limit of A (Li) (see the two lower panels in Fig. 3.6).

The observational error is a function of the S/N ratio of the spectrum. It is close to 0.06 dex for S/N=100 and 0.10 dex for S/N=70. The estimation of the total error on the Li abundance is the square root of the quadratic sum of the uncertainty in the atmospheric parameters (0.07 dex) and the uncertainty in the EW measurement, related to the spectral quality.

3D and NLTE abundance corrections were determined by different methods employing the analytic fitting functions FFI and FFIII developed by Mott et al. (2020): ⇝a) The function FFI is used with the input of the individual stellar parameters, the metallicity [Fe/H] and the 1D-LTE lithium abundance A (Li). The corrections are in the range of -0.01 ≤ ∆(FFI) ≤ +0.04 (assuming 6 Li/ 7 Li = 0). ⇝b) The function FFIII utilised the equivalent width (EW) instead of the 1D LTE Li abundance. ⇝c) Applying the same parameters but supposing that A(Li) 3D-NLTE -A(Li) 1D-NLTE is invariant under an identical change of the opacities in the 3D and the 1D model, the abundance correction is given by ∆ 3 = ∆(FFI) + ∆ (0) 1D -∆ (1) 1D , where ∆ (0) 1D and ∆ (1) 1D denote the NLTE corrections computed from 1D models with CO5BOLD and MARCS opacities. For our sample of stars we obtain that

∆ (0) 1D -∆ (1)
1D is approximately -0.03, and hence ∆ 3 ranges between -0.04 and +0.00.

With the second method (case b), we obtain corrections in the range -0.05 ≲ ∆(FFIII) ≲ -0.03, more negative than the corrections derived from FFI (case a). This is because the treatment of the radiative opacities in the 3D CO5BOLD (Freytag et al., 2012) model atmosphere and the 1D MARCS model, respectively, differs in its level of detail. The corrections ∆(FFI) are valid if the difference between A(Li) 3D-NLTE -A(Li) 1D-LTE is insensitive to the description of the opacities as long as the same treatment is used for constructing the 3D and the 1D model. On the other hand, ∆(FFIII) is valid if the EW of the 3D NLTE synthetic line profile is insensitive to small changes of the 3D temperature structure related to the description of the radiative opacities. Stars" sample (green dots). The "plateau" is indicated by a red line. In both samples, the stars which deviate by more than 2σ from the "plateau" are surrounded by a red circle.

Let us remark that in our case, the 3D-NLTE correction of the 1D-LTE lithium abundance (about 0.03 dex) is small compared to the observational error (between 0.08 and 0.13 dex).

In Fig. 3.7 we present the 3D-NLTE abundance of Li in our sample of stars compared the Li abundance in the dwarf stars of the "First Stars" program (Bonifacio et al., 2007(Bonifacio et al., , 2009)). For our sample the level of the "Plateau " is at A(Li) = 2.14 ± 0.07 (neglecting the two stars, CS 22188-03 and CS 22882-027, whose lithium abundance does deviate by more than 2σ from the plateau). If we consider also the "LP First Stars" sample, the level of the "Plateau" is at A(Li) = 2.16 ± 0.07. This level is, within uncertainty, in good agreement with the values found by Bonifacio et al. (2007, A(Li) = 2.10 ± 0.09) and Sbordone et al. (2010, A(Li) 3D-NLTE = 2.199 ± 0.086).

If we add to our sample the "LP First Stars" sample, five stars have a Li abundance which deviates by more than 2σ from the "plateau": CS 22188-33 and CS 22882-27 from our sample, and also CS 22888-031, CS22948-093 and CS22966-011 from the "LP First Stars" sample. In Fig. 3.7 the corresponding dots are surrounded by red circles.

Carbon and nitrogen abundance

The determination of the C-abundance is based on the molecular band of CH at 425-450 nm (G-band) and the N-abundance is based on the NH band at 336 nm. The parameters of the bands (Masseron et al., 2014), (http://kurucz.harvard.edu/linelists/linesmol) were directly taken from the Bertrand Plez site2 . For all our metal-poor and relatively hot stars, the G-band is rather weak and generally only an upper limit of the C abundance could be derived. The NH band is located around 336 nm, in a wavelength range only observed in two stars of our sample, BS 17572-100 and HE 1413-1954. However, the NH band is only visible in HE 1413-1954. Masseron et al. (2010) and Pols et al. (2012) report that HE 1413-1954 star is a carbon enhanced metal-poor (CEMP) star. We confirm the high abundance of C in this hot TO star: [C/Fe] = +1.7 dex (i.e. A(C) = 6.9). This CEMP star also has a very high nitrogen abundance (A(N)=7.3 i.e. [N/Fe]=2.7 dex).

Magnesium abundance

The Mg abundance deduced from the three Mg lines blended by hydrogen lines, around 383 nm, is determined by spectral synthesis (see Fig 3.10 and 3.11) 

Silicon abundance

The line 389.5 nm is used to determined the abundances of silicon. The mean value of [Si/Fe] is close to zero, the average value is 0.00 ± 0.22 dex. The star CS 30302-145 is very Si-poor, with [Si/Fe] = -0.49 dex.

Calcium abundance

The abundance of neutral calcium was determined using the code turbospectrum. The deviation from LTE is corrected following Spite et al. (2012). This NLTE correction in our stars, is of the order of +0.1 dex. The mean abundance we found is ⟨[Ca i/Fe]⟩ = +0.46 ± 0.18 dex. The resonance line of the neutral calcium at 421.6 nm has not been employed, because in metal-poor stars the use of this line leads to an underestimation of the Ca abundance reaching up to 0.3 dex at [Fe/H] = -3.0 (see e.g. Spite et al., 2012). On the other hand, the abundance of Ca deduced from the ionised lines is calculated by spectral synthesis and it is based on one single measured line, the Ca ii-K line at 392.3 nm.

The Ca ii lines are inherently very broad so that the Turbospectrum programme does not represent well the centre of these strong Ca ii lines. The fit does not take into account the centre of the line, but it is done on the wings of the line. A critical point is the choice of the continuum. The Ca abundance derived from Ca i and Ca ii lines are generally in good agreement. However, we note that CS 30302-145 is an exception, and if we had used the abundance of Ca deduced from the Ca ii line, this star would have the lowest value of [Ca/Fe] of our sample ([Ca/Fe] = 0.2 dex). The difference in the Ca abundance for CS 30302-145 when derived from neutral and ionised lines is almost consistent within the uncertainty, although we find the line-to-line scatter in the case of the two Ca i lines too optimistic to well represent the uncertainty.

Titanium abundance

The abundance of titanium in our sample of stars has been derived by using ionised titanium lines because TO stars have very few detectable lines of neutral titanium. The titanium over iron ratio is very consistent in all the stars of the sample: ⟨[Ti/Fe]⟩ = 0.38 ± 0.17 dex. The mean value and star-to-star scatter found for Ca and Ti are very similar.

Sodium abundance

In this work we have studied the sodium doublet D lines (588.99 nm and 589.59 nm), which are the only sodium lines observed in EMP stars. The analysis is realised by spectrum synthesis. Near the Na lines there are many small H 2 O lines. Na lines can be disturbed by telluric H 2 O lines (whose position relative to the stellar lines depends on the radial velocity of the star) and interstellar clouds that lie between us and the star and often have strong Na i lines. This first case is observed in the CS 22882-027 star. The Na D lines are affected by NLTE effects so the NLTE corrections of Andrievsky et al. (2007) have been used. In these warm metal-poor TO stars, the correction is only about -0.07 dex. The mean value of [Na/Fe] in our sample is ⟨[Na/Fe]⟩ = -0.43 ± 0.22 dex. This large scatter has already been noted in other studies (see e.g. Andrievsky et al., 2007;Reggiani et al., 2017). The star CS 30302-145 has the lowest sodium abundance ratio [Na/Fe] = -0.90. For the comparison with the First Stars sample, the value of Na abundances of BS 16023-046 and CS 29506-090 stars are not used because the Na lines are in the wing of two strong interstellar Na lines, the Na abundances in these stars are very uncertain.

Aluminium abundance

Spectrum synthesis is employed to deduce the abundance of Al and this analysis is based on the resonance doublet of Al i at 394.40 and 396.15 nm. Both lines are sensitive to departure from LTE, we applied the corrections by Andrievsky et al. (2008). In these metal-poor TO stars the NLTE correction is positive and very significant. It increases the LTE Al abundance by about +0.65 dex. The mean [Al/Fe] value is -0.12±0.10 dex, if we do not take into account CS 30302-145 because this star has an Al abundance 0.55 dex lower than the average value. 

Scandium abundance

Scandium is exclusively observed in its singly ionized state. Our scandium abundances were measured using the Sc ii line at 424.68 nm. The very lithium-poor star CS 22882-027 stands out for having the lowest scandium abundance at about 3 σ from the mean value.

Chromium abundance

Our LTE analysis, based on Cr i lines shows the well known decrease of [Cr/Fe] with decreasing metallicity. Following Bergemann & Cescutti (2010) this is an effect of NLTE on neutral chromium, the NLTE correction is indeed large, about +0.4 dex at [Fe/H] = -3 but only +0.2 dex at [Fe/H] = -2. The LTE chromium to iron ratios we derive, fall in small range: -0.33 < [Cr/Fe] < 0.0 with a small dispersion of 0.10 dex. 

Manganese abundance

The resonance Mn triplet at 403 nm is used to derive the abundance of Mn in our sample. The Mn triplet is analysed by synthetic spectrum. The average value is ⟨[Mn/Fe]⟩ = -0.64. In the average value, the star CS 30302-145 is excluded because it shows a considerably higher manganese abundance than the rest of the sample. Its value is 0.56 dex above this average.

Cobalt abundance

The Co abundance is studied from the Co i lines at 384.5, 399.5 and 412.1 nm. These lines are known to be widened by hyperfine splitting structure, and are very sensitive to departure from LTE (Bergemann, 2008;Bergemann et al., 2010). In our classical LTE analysis, we observe an increase of [Co/Fe] as the stellar metallicity decreases, as already noted by e. g. McWilliam et al. (1995), Cayrel et al. (2004) and Bergemann et al. (2010). According to Bergemann et al. (2010), the NLTE correction leads to an even stronger increase of [Co/Fe] with decreasing [Fe/H]. CS 30302-145 has the highest [Co/Fe] ratio of our sample.

Nickel abundance

The mean value of the nickel to iron ratio is around zero, ⟨[Ni/Fe]⟩ = 0.04 ± 0.15 dex. He 0148-2611 has the lowest [Ni/Fe] ratio ([Ni/Fe]=-0.20). Stars CS 30302-145 andHE 1413-1954 have the highest values of Ni abundance with respect to iron, but the error on the Ni abundance of the latest star is very large.

Strontium abundance

The analysis is deduced by spectrum synthesis and it is based on the two ionised strontium lines at 407.7 nm and 421.6 nm. The abundance ratios [Sr/Fe] has a large star-to-star scatter in agreement with the results of Franc ¸ois et al. (2007) for the "First Stars" sample.
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The mean value of the nickel to iron ratio is around zero, ⟨[Ni/Fe]⟩ = 0.04 ± 0.15 dex. He 0148-2611 has the lowest [Ni/Fe] ratio ([Ni/Fe]=-0.20). Stars CS 30302-145 andHE 1413-1954 have the highest values of Ni abundance with respect to iron, but the error on the Ni abundance of the latest star is very large.
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The analysis is deduced by spectrum synthesis and it is based on the two ionised strontium lines at 407.7 nm and 421.6 nm. The abundance ratios [Sr/Fe] has a large star-to-star scatter in agreement with the results of Franc ¸ois et al. (2007) for the "First Stars" sample. 

Barium abundance

In this study, we analysed by synthetic spectra the Ba line at 493.4 nm since the strongest Ba line at 455.4 nm is generally outside the wavelength range of our spectra: the Ba 455.4 nm line could be measured only in BS 17572-100 andHE 1413-1954. In agreement with the results of Franc ¸ois et al. (2007) for the "First Stars" sample, the abundance ratios [Ba/Fe] has a large star-to-star scatter.

A star can be Sr-rich but Ba-poor. Fig. 3.18 shows the comparison of the relation between [Sr/Ba] and [Ba/Fe] in our sample and in the "First Stars" sample. The black dots symbolise the 7 stars in our sample for which it was possible to measure Ba. The circles represent the dwarfs and the squares the giants, both from the "First Stars" programme. In Ba-rich stars the abundance pattern of the heavy elements from Ba to Yb [START_REF] Hill | [END_REF]Franc ¸ois et al., 2007) is well represented by the main-r process alone and the ratio [Sr/Ba] is close to -0.5 dex , but the Ba-poor stars present a large variety of [Sr/Ba] ratios (Spite et al., 2014) and this can be explained by the contribution of other processes, collectively designated as the "weak" r-process, which can bring about an extra first-peak enrichment (e.g. Cowan et al., 2021). The contribution of this other process becomes relatively important only in Ba-poor stars where the matter which formed the star has been little enriched in heavy elements by the main r-process. 

Chemical Anomalies ?

A complete table with the abundances of the elements, from Li to Ba, measured in our sample of stars can be found in the corresponding article "The metal-poor end of the Spite plateau: II Chemical and Dynamical investigation" (Matas Pinto et al., 2021).

⋆ Lithium poor stars Generally speaking we observe that there is a very good agreement between the abundance trends of our sample of stars and the "First Stars" sample (see Fig. 3.19,3.20,3.21 and 3.22). In all these figures the Li-poor stars (surrounded by a pink circle) do not present any systematic abundance anomalies other than their low Li abundance. However we remark that the extremely Li-poor star CS 22882-27 with [Fe/H] ≈ -2, 5, (we will see in section 3.4.2 that it is probably a blue-straggler) seems to be Sc-poor and that its Sr abundance is also very low compared to stars with a similar metallicity (Franc ¸ois et al., 2007).

⋆ An α-poor star CS 30302-145 Only one star seems to have a peculiar chemical composition: CS 30302-145. The position of this star in the previous figures is indicated by an orange star symbol. It has a lithium abundance in perfect agreement with the "plateau" but it has a low abundance of the α elements Mg and Si, although the [Ca/Fe] ratio is consistent with the average (see Fig. 3.19). In this star, the odd light metals Na and Al (see Fig. 3.20) are also deficient, but it is clearly Mn-rich and it is among the stars with the highest ratios [Cr/Fe], [Co/Fe] and [Ni/Fe] (see Fig. 3.22). In the case of the neutron capture elements, it was only possible to measure the abundance of Sr and the star is very deficient. However, at this metallicity, many "normal" metal-poor stars are Sr-poor (see e.g. Franc ¸ois et al., 2007). We have compared the abundance distribution in CS 30302-145 and other very metal-poor and αpoor stars in the literature: HE 1424-0241 (Cohen et al., 2007), BD+80 245 and G4-36 (Ivans et al., 2003;Salvadori et al., 2019), see Fig. 3.23. This figure shows the [X/Fe] value as a function of atomic number. HE 1424-0241 is a EMP giant star with [Fe/H] ≃ -4. It has a similar behaviour (but more extreme) to our star CS 30302-145. The giant HE 1424-0241 with [Fe/H] ≃ -4 has in common that it is rich in Mn and deficient in Si, however, it differs in that it is normal in Mg and has low Ca abundance. On the other hand, BD+80 245 and G4-36 are two subgiants α-poor but less metal-poor, [Fe/H] ≃ -2. All the stars in this diagram show a similar trend, but the differences from star to star are significant.

⋆ The CEMP star HE1413-1954HE1413-1954 7). The quality of our spectrum is not very good but we could confirm its high C abundance, from the G-band we measured [C/Fe] = +1.7 ± 0.3 (i.e. A(C)=6.9). In the CEMP stars the distribution of the C abundance is bimodal centered around A(C) ≃ 7.0 (low C-band) and A(C) ≃ 8.3 (high C-band) (Bonifacio et al., 2015(Bonifacio et al., , 2018)). As a consequence HE 1413-1954 belongs to the low C-band. As generally found this CEMP star has also a very high nitrogen abundance. 

Age of the stars

The age of the stars of our sample, can be estimated from their location in the color magnitude diagram G 0 vs. (Bp -Rp) 0 , where the magnitude G 0 , and the color (Bp -Rp) 0 are estimated from the Gaia-DR2 photometry (see section 3.3.2). Fig. 3.24 shows the position of our star in this diagram compared to the predictions of the PARSEC isochrones computed for a metallicity of -3.0 and for, respectively, 8, 12 and 14 Gyr. The black dots represent the stars of our sample. Their age is generally found, as expected, between 12 Gyr and 14 Gyr.

Age of the Li-poor stars

In Fig. 3.24 black dots surrounded by a red circle correspond to the lithium-poor stars of our sample (CS 22882-027 and CS 22188-033) and the green dots surrounded by a red circle represent the three lithium-poor stars of the "First Stars" sample (CS 22966-011, CS 22948-093 and CS 22888-031). (As explained in section 3.3.4, a star is considered as Li-poor if its Li abundance deviates by more than 2 σ from the "plateau".)

The age of the Li-poor stars in our sample and in the LP-First Stars sample, (except CS 22882-027, see section 3.4.2) is between 12 and 14 Gyr, as it is for the normal metalpoor stars.

All the Li-poor stars but one (CS 22888-031) are located before the TO. This could suggest that in the most metal-poor dwarfs some kind of atmospheric phenomenon (possibly diffusion) brings Li in the deep atmosphere, from where it is again mixed in the photosphere as the star reaches the turn off and the surface convective zone deepens (see also Mucciarelli et al. to be submitted, private communication).

But why does this Li depletion occur suddenly around [Fe/H] ≈ -2.8 ? The physics of the atmosphere is sensitive to metallicity as metallicity influences opacity and mean molecular weight. But its influence on the atmosphere below [Fe/H] = -2.5 almost disappears, because metals are so scarce. The atmospheres of stars of metallicity -2.5 and -3 should be almost identical. In Fig. 3.24 CS 22882-027 seems to be too young (∼ 8 Gyr) for a very metal-poor star ([Fe/H]=-2.5). In this star the Li line is not visible (see Fig. 3.6) and the spectrum is compatible with an absence of Li.

These peculiarities are characteristics of Blue-stragglers (Ryan et al., 2001;Bonifacio et al., 2019a). A Blue-straggler is the result of the merging of two stars, lithium is destroyed in the merging process, and the newly formed star which has a higher mass, occupies a position on the color magnitude diagram which would be normally populated by genuinely younger stars. Ryan et al. (2001) suggested that the stars with no detectable Li, are "blue-stragglers-to-be" and Bonifacio et al. (2019b) showed that three out of the four stars investigated by Ryan et al. (2001) are indeed canonical blue-stragglers.

In this star all the elements heavier than Li, present a normal abundance except Sc and Sr whose abundances are rather low see section 3.3.5. Also the two stars in Fig. 3.1 G122-69 and G139-08, with a Li upper limit definitely below the Spite plateau (and compatible with no li content) appear, from the Gaia data, too young for their metallicity (≤ 7 Gyr in Fig 3.25) and thus are likely blue-stragglers. This reinforces the conclusions by Bonifacio et al. (2019b) that all the stars without Li are blue-stragglers.

3.5 Kinematic and orbital properties of our sample of EMP stars

Orbital properties of the stars

In the following section we will compare the orbits of our stars to those of the dwarfs of the LP First Stars which have been studied in detail in Di Matteo et al. (2020).

The orbital properties of our sample of stars are computed using the GalPot code3 (Dehnen & Binney, 1998) with the galactic model of McMillan (2017). Gaia DR2 provides the positions, proper motions and parallaxes. The radial velocities have been computed by Sbordone et al. (2010) by correlation of the observed spectra with a synthetic spectrum. The precision of these values, about 1. kms -1 , is generally higher than the precision of the Gaia DR2 value and was thus preferred. The distances of the stars have been computed by a simple inversion of the parallax. All the stars of our sample are located between 0.4 and 1.9 kpc. In the model of McMillan (2017) the distance of the Sun from the Galactic centre is R ⊙ = 8.20 kpc and the local standard of rest (LSR) velocity, V LSR = 232.8 kms -1 . The disc rotates clockwise, and, as a consequence, the z-component of the disc angular momentum, Lz, and the disc azimuthal velocity, Vphi are negative. A star with Lz and Vphi negative will be prograde.

The main parameters of the orbits are given in Tables 3.1 and 3.2. In these tables: ⇝ X, Y, Z are the galactic coordinates of the stars and V X , V Y , V Z their velocities in the three directions. X, Y, Z, are given in kpc and velocities in kms

-1 . ⇝ R = √ X 2 + Y 2
, is the distance of the star to the Galactic center in kpc and V R the component of the velocity in this direction: V R = (XV X + YV Y )/R. ⇝ Lz, the z component of the angular momentum, is equal to XV Y -YV X . ⇝ Lperp, the perpendicular angular momentum component, is equal to Lx 2 + Ly 2 (with Lx = YV Z -ZV Y and Ly = ZV X -XV Z ). Angular momenta are given in units of 100 kpc kms -1 . ⇝ The azimuthal velocity Vphi is defined as the z component of the angular momentum divided by R, i.e. V phi = Lz/R. ⇝ E the energy of the orbit is given in unit of 100 km 2 s -2 .

It would be interesting to disentangle in our sample, the stars formed in situ and the stars accreted by the Galaxy. But the material that formed these very old stars, whether they were born in our Galaxy, or in a distant galaxy, could only have been enriched in metals by massive stars, and thus, we cannot expect, a priori, strong differences in the chemical composition of the accreted stars and the stars formed in situ. Clearly, this is true if it is assumed in the accreted galaxy the same initial mass function as the Galactic one; if this is not the case, the chemical pattern of the accreted stars would be different. On the contrary at higher metallicity the ratio [α/Fe] for a given [Fe/H] depends on the star formation rate and thus on the mass of the galaxy. In e.g. the Sculptor dwarf galaxy, the ratio [α/Fe] is the same as the Galactic one for [Fe/H]=-3., but, at [Fe/H]=-1., it is about 0.3 dex lower than the Galactic one (Hill et al., 2019). Therefore, a small value of [α/Fe] can indicate that the star has been formed in a dwarf galaxy and later accreted. Nissen & Schuster (2010) found that the field Galactic stars, in the interval -1.6 < [Fe/H] < -0.8, define two sequences: one α-rich and another one α-poor. This was confirmed by the APOGEE data (Di Matteo et al., 2019). The characteristics of the orbits of these two samples are rather different, and thus it was assumed that the α-rich stars were formed in situ and α-poor stars were accreted from dwarf galaxies. This allows to delimit zones mainly occupied by accreted stars and stars formed in situ.

These different zones have been indicated in Fig. 3.26 where we compare the orbital parameters of our sample of stars to the LP First Stars sample and to the conclusions of the Di Matteo et al. (2020) paper about the zones mainly occupied by accreted stars and stars formed in situ. However we must insist on the fact that, if a star in one graph of Fig. 3.26, is located in a zone marked "accreted stars", it simply means that our star has probably been accreted.

From the characteristics of the orbits of the extremely metal-poor stars of the LP First Stars sample, Di Matteo et al. (2019) could show that several of these extremely metal-poor stars called for a long time "halo stars" because they were very metal-poor, probably belong to the thick disc. They conclude that the formation of the old galactic disc must have happened very early. Adding our sample of stars reinforces this hypothesis. Many of our stars are confined close to the galactic plane ( z max < 5kpc) and inside 20 kpc from the Galactic centre (Fig. 3.26 A). Four stars (out of 11) satisfy the relation (arctan(z max /R max ) < 0.2 (Fig3.26 B) that is for 36% of our small sample (they were 20% of the total "First Stars" sample (dwarfs + giants). According to Di Matteo et al. (2020) the stars with values arctan(Rmax/zmax) > 0.5 (Fig. 3.26 B) are mainly accreted, in our sample, it is the situation of three stars, CS 30344-070, HE 0148-2611 and CS 22882-027. The first two stars mentioned, CS 30344-070 and HE 0148-2611 are TO stars with A(Li) compatible with the "Plateau", and CS 22882-027, which has no visible Li line, has been found to be a blue-straggler (section 3.4.2). In Fig. 3.26 B, the stars located in the area of arctan(Rmax/zmax) < 0.2, are in a zone dominated by stars formed in situ. Four TO stars of our sample, CS 29491-084, CS 29514-007, HE 1413-1954 andthe Li-poor star CS 22188-033 are in this zone.

In the Toomre diagram (Fig. 3.26 C), the four stars with z max < 5 kpc in Fig. 3.26 A, are indeed very close to the zone occupied by the disc stars. We remark that about half of our stars have prograde orbits (Lz and Vphi negative) and half retrograde orbits. Nevertheless, HE 0148-2611 and the Li-poor star CS 22948-093 have a zmax value larger than 10 kpc and CS 29514-007 and the Li-poor star CS 22948-093 are moving far away from the galactic center, with Rmax > 40 kpc. Fig. 3.26 D represents the eccentricity vs. the z component of the angular momentum. The majority of the Li-poor stars, have an angular momentum close to zero and, as most of the stars with this Lz value, have a high eccentricity (ecc > 0.85) (see Di Matteo et al., 2020). The Blue Straggler CS 22882-27 has a much lower eccentricity and has a retrograde orbit. In Fig. 3.26 D the red dashed lines delimit the region where the majority of the Gaia-DR2-APOGEE (Di Matteo et al., 2019)and the Nissen & Schuster (2010) stars (α-poor and α-rich, indistinctly) are located. Table 3.1: Distance, Galactic coordinates, and velocities of the stars here studied (the used units are given in the text) Sample A contains the stars with a Li abundance compatible with the plateau, sample B the stars with A(Li) significantly lower than the Li plateau and in sample C we added the three stars of the "First Stars" programme with a Li abundance significantly lower than the plateau. Following Di Matteo et al. (2020) only one star of our sample, the CEMP star HE 1413-1954, is in Fig. 3.26 E in the zone mostly occupied by stars formed in situ (with Lz < -10kpc kms -1 ). One star of our sample HE 0148-2611 and the Li-poor star of the First Stars programme CS 22948-93, are in the zone mainly populated by accreted stars (with Lz > -10 kpc kms -1 and Lperp ≳ 13 kpc kms -1 ). The blue-straggler CS 22882-027 with Lperp = 12.81 kpc kms -1 is just at the limit of this "accreted" zone.

Star d X Y Z V X V Y V Z V R sample A BS17572-
A study of the energy of our stars is seen in the Fig. 3.26 F. Following Di Matteo et al. (2020) the stars with E > -1500km 2 s -2 are most probably accreted because they lie in a region populated only by accreted stars in the Gaia-DR2-APOGEE (Di Matteo et al., 2019;Majewski et al., 2017) and Nissen & Schuster (2010) samples. In this region we found CS 22950-173, CS 29514-007, HE 0148-2611, the α-poor star CS 30302-145 and the Li-poor star CS 22948-093. With E = -1549 km 2 s -2 , the blue-straggler CS 22882-027 is at the limit of this zone.

Orbital anomalies ?

⋆ The Li-poor stars In this work we have studied a sample of four Li-poor stars with a metallicity lower than [Fe/H] < -2.8 and a Li abundance significantly lower than the plateau. Among these stars CS 22188-033 with its very low value of arctan(zmax/Rmax) seems to have been formed in our Galaxy, but, on the contrary, CS 22948-93 with its high value of arctan(zmax/Rmax), its relatively high value of Lperp for its Lz, and the very high energy of its orbit has been probably accreted by our Galaxy.

⋆ The blue straggler CS 22882-27

This star is represented by a violet star in Fig. 3.26. It has been probably accreted, it has a high value of arctan(zmax/Rmax), and its value of Lperp and the energy of its orbit are at the limit of the "accreted" zones.

⋆ The α-poor star CS 30302-145 CS 30302-145, is shown as an orange star in Fig. 3.26. The energy of the orbit of this star is high and thus the star present some similarity with the accreted stars, but the other orbital parameters are in regions where stars formed in situ and ex situ are found.

⋆ The carbon-rich star HE 1413-1954

The CEMP star HE 1413-1954 has been probably formed in the Galaxy. It has low values of both arctan(zmax/Rmax) and Lz. 

Introduction

The lithium observed in metal-poor stars is built up during the Big Bang nucleosynthesis (see e.g., Pitrou et al. 2018). It is a very fragile element that is destroyed by proton fusion when the temperature reaches about 2 10 6 K. In a main-sequence star, this element is destroyed when the convective zone of the atmosphere reaches the layers in which the temperature is higher than its characteristic fusion temperature. However, in the atmosphere of warm metal-poor dwarf stars, the convective zone is not so deep, and the initial lithium abundance is expected to be preserved. We refer to standard Big Bang nucleosynthesis (SBBN) when we assume that the Universe at the time that primordial nucleosynthesis occurred was homogeneous and isotropic, and there were only three light neutrinos. Under these assumptions, the amount of lithium produced is a non-monotonic function of baryonic density, or equivalently, of the baryon-to- photon ratio. The Planck measurements of the baryonic density (Planck Collaboration XIII 2016) imply that the lithium abundance in the Universe after the Big Bang was A(Li) = 2.75 ± 0.02 dex (Pitrou et al. 2018). In warm dwarf stars in the metallicity range -2.9 < [Fe/H] < -1.5, the observed value of the lithium abundance is constant (the so-called Spite plateau, as noted by Spite & Spite 1982b,a) and close to A(Li) = 2.1 dex (Bonifacio et al. 2007). This value is over three times lower than the expected primordial value. Bonifacio et al. (2007) studied the lithium abundance of a sample of 18 very and extremely metal-poor (VMP and EMP) turnoff stars (-3.5 < [Fe/H] < -2.5). All the stars with a metallicity higher than [Fe/H] = -2.9 had a lithium abundance compatible with the Spite plateau within the measurement uncertainties, but surprisingly, in the 10 stars with ([Fe/H] < -3.0, the scatter of the Li abundance was large. The Li abundance was sometimes at the level of the plateau, but sometimes significantly below, never above. It was then decided to increase the sample of the metal-poor turnoff stars in order to refute or confirm the behaviour of the lithium abundance at low metallicity. A new sample of 11 metal-poor stars was then studied (Sbordone et al. 2010, hereafter Paper I), the abundances of iron and lithium were computed in this sample, and a meltdown (see Paper I) of the lithium plateau at low metallicity was confirmed (see also e.g., Aoki et al. 2009;Matsuno et al. 2017a;Aguado et al. 2019). Notes. The distance of the stars was computed by a simple inversion of the parallax.

The disagreement between the observed abundance of Li in the stars of the plateau and the abundance predicted by the standard Big Bang is known as the cosmological lithium problem and has recently been addressed by Molaro et al. (2020) and Simpson et al. (2021), for instance.

The aim of this new paper is to study the other problem that might be related to this: the variable decrease in Li abundance at metallicities lower than [Fe/H] ∼ -3. We present here a complete analysis of the abundance of the elements from Li to Ba in the 11 VMP or EMP stars studied in Paper I, and search for any definite correlation between the lithium abundance and the abundance of the other elements in these stars, which could constrain the behaviour of the lithium abundance at extremely low metallicity. We also investigate whether there is any correlation between the kinematic properties of the stars and their Li abundance.

Many of the stars of this sample have already been studied (see Appendix A), but it was important to have a homogeneous study of all the stars of this sample. In this appendix we only report recent analyses based on high-resolution spectra.

Observations

The observations of the stars we studied are described in detail in Paper I (see their Table 1). Briefly, observations were performed with the high-resolution spectrograph UVES (Dekker et al. 2000) at the ESO-VLT. The spectra have a resolving power R 40 000 and were centred at 390 nm (spectral range: 330-451 nm) and 580 nm (spectral range: 479-680 nm). For two stars (BS 17572-100 andHE 1413-1954) that were previously studied in the frame of the HERES program (Christlieb et al. 2004;Barklem et al. 2005) from UVES spectra centred at 437nm (spectral range: 376-497 nm), the blue spectra were centred at 346 nm (spectral range: 320-386 nm). The S/N of the spectra at 400 nm is only about half of the S/N measured at 670 nm (see Table 1 in Paper I) and thus generally does not exceed 50. For two stars, CS 22188-033 and HE 0148-2611, new UVES spectra from the ESO archives, centred at 390 and 580 nm, were also used, increasing the S/N ratio of the mean spectrum. The data were reduced using the standard UVES pipeline with the same procedures as used in Bonifacio et al. (2007).

Analysis

Stellar parameters

In Paper I, the stellar temperature was determined by different methods: photometry, and the profile of the wings of the hydrogen lines by using different theories for the self-broadening of H lines. The surface gravity was derived by enforcing the same Fe abundance from the Fe i and Fe ii lines. As usual, the microturbulence (v t ) was determined by ensuring that the abundance of iron is independent of the equivalent width of the lines.

In this investigation, we decided to take advantage of the information provided by the Gaia Data Release 2 (Gaia DR2 Gaia Collaboration 2016Collaboration , 2018;;Arenou et al. 2018) to derive the stellar parameters: effective temperature and surface gravity. In this sample of turnoff stars, the precision of the parallaxes is very high, always better than 12% and generally better than 5%, which allows a very good determination of these parameters. For consistency, we used the reddening E(B -V) given in Table 2 of Paper I, deduced from the maps of Schlegel et al. (1998) and corrected as described in Bonifacio et al. (2000). This reddening correction was converted into the Gaia photometric system by adopting the values derived for a G2V star recommended on the PARSEC site 1 . The Gaia DR2 photometry is provided in Table 1. By using the parallax provided by the Gaia DR2 catalogue and the reddening, we derived the absolute dereddenned G 0 magnitude and the dereddenned colour (BP-RP) 0 . These values were then compared to the PAR-SEC isochrones (Bressan et al. 2012;Marigo et al. 2017) computed for different ages. Assuming the metallicity reported by Sbordone et al. (2010) for each star, we extracted from the PARSEC data base a grid of isochrones with ages of 9-14 Gyr, with Gaia DR2 colours, computed using the passbands of Evans et al. (2018). We then interpolated for the observed (BP-RP) 0 colour and the absolute G magnitude for each age, and selected the age for which this value was closest to the observed absolute G magnitude. At this point, we obtained T eff and log g by interpolating in the isochrone. The T eff and log g values of the stars deduced from this comparison are given in Table 1. In Fig. 1, an example of the fit of the isochrones is given for the star CS 22188-033. We estimate that the uncertainty in T eff does not exceed 100 K and is about 0.3 dex in log g.

In Fig. 2 we compare our adopted parameters T eff and log g (Table 1) to those adopted in Paper I. The agreement is good within the uncertainties (∆(T eff ) = 8 ± 67 K, ∆(log g) = -0.17 ± 0.14 dex, where the differences are ours -Paper I). Our log g value is systematically higher by about 0.1 dex than the value adopted in Paper I, however. This may reflect the fact that departures from local thermodynamic equilibrium (LTE) were not taken into account in the calculation of the ionisation equilibrium of Fe in Paper I. Following Thévenin & Idiart (1999), this error may sometimes reach 0.5 dex, in particular, if the lowexcitation potential lines of Fe i, which are very sensitive to non-LTE effects, are used for this determination (but this was not the case in Paper I).

When our microturbulence velocities are compared to the values adopted in Paper I, the differences never exceed 0.2 km s -1 . This value corresponds to the uncertainty of the determination.

Abundance determination

A detailed chemical analysis based on the hypothesis of LTE was performed. MARCS model atmospheres (Gustafsson et al. 1975(Gustafsson et al. , 2003;;Plez 2008) were used with the code Turbospectrum (Alvarez & Plez 1998;Plez 2012), which computes synthetic spectra to be compared to the observations, allowing us to carry out the study of the element abundances.

When the lines are severely blended or double (e.g., molecular lines or the Li feature), when the damping wings are important (strong Mg lines), or when the lines are affected by hyperfine structure like the Ba ii lines, the determination of the abundance was conducted by spectral synthesis. Otherwise, we relied on equivalent width measurements.

The abundances of the elements are given in Table 2. (As usual, for each element X, A(X) = log(N(X)/N(H)) + 12, [X/H] = A(X) -A(X) , and [X/Fe] = [X/H]-[Fe/H].) The iron abundances deduced from the Fe i and Fe ii lines are given in Table 1. The value of [Fe/H] in Table 2 is the mean of these values.

To calculate [X/Fe], we used the solar abundance values A(X) provided by Caffau et al. (2011) when available, otherwise we adopted those by Lodders et al. (2009) (see Table 2).

Because our sample of stars has been observed and analysed in almost the same conditions as the stars of the ESO Large Programme "First Stars, first nucleosynthesis" (First Stars, for short), we directly compare our results in the subsequent sections to those of Bonifacio et al. (2009) and Cayrel et al. (2004). However, we must note that the quality of the spectra obtained for these 11 stars is not as good as the quality of the spectra used in Cayrel et al. (2004) and Bonifacio et al. (2007Bonifacio et al. ( , 2009)). The S/N is generally lower than half the S/N obtained for these preceding papers. This parameter is very important in case of very or extremely metal-poor stars, where the lines of many elements are often very weak. In particular, we do not intend to study the star-to-star scatter of the different elements as a function of the metallicity, as was done in the previously cited papers, but only to try to detect some systematic abundance anomalies in the Li-poor stars.

Abundance uncertainties

Most of the lines of the elements we studied, between C to Ba, are located in the wavelength range 370-550 nm. In this region, the S/N of the spectra is only about half of the S/N obtained in the region of the Li feature (671 nm). As a consequence, the first cause of error for these elements is the uncertainty in the equivalent width (or the profile) of the lines. This uncertainty is generally dominated by the uncertainty in the position of the continuum. In case of weak lines (EW < 10 mA), when the S/N of the spectra is poor, the uncertainty on the equivalent width can be as large as a factor of two, which results in an error 0.3 dex on A(X). This is particularly the case for the lines of HE1413-1954. A second cause of error is the uncertainties in the g f values that are adopted.

The resulting error is estimated as σ/ √ (N -1) (where N is for each element X the number of the lines and σ the rms around the mean abundance). In a conservative way, when there are only two lines, an error of 0.15 dex was adopted even if it was σ < 0.15 dex. In case of only one line, we adopted an error of 0.2 dex. Notes. The standard deviation σ is given when the abundance of the element is determined from more than two lines. The abundances of Na, Al, and Ca have been corrected for NLTE. The solar values of C and Fe are from Caffau et al. (2011), while for the other elements, they are from Lodders et al. (2009).

To determine the uncertainties in the abundance determinations A(X) or [X/H], the uncertainties in T eff , log g, and microturbulence v t must be also considered. For these turnoff metal-poor stars, the adopted uncertainties on T eff , log g, and v t are 100 K, 0.3 dex, and 0.2 km s -1 (see Sect. 3.1). Following Bonifacio et al. (2009), these values correspond to an uncertainty on [Fe/H] of about 0.11 dex. We also computed the error on A(Li) due to the uncertainty in the atmospheric parameters (not given in Bonifacio et al. 2009). For turnoff stars, this error is about 0.07 dex, and it is dominated by the error on the effective temperature. The total error on A(X) or [X/H] includes errors linked to the choice of stellar parameters of the model and to observations.

For elements X heavier than Li, the interesting value is the ratio [X/Fe]. For most of the elements, an error on, for example, the temperature of the model induces about the same error on A(Fe) and A(X), and as a consequence, the error on [X/Fe] is small. We have adopted the values given in the Table 4 of Bonifacio et al. (2009), taking into account (linearly) that in our case the adopted error on log g is three times larger.

Lithium

1D LTE computation

The lithium analysis was first conducted by spectral synthesis, investigating the Li 670.7 nm resonance doublet. The adopted atomic data for the Li doublet are the same as those used by Bonifacio et al. (2007) and Sbordone et al. (2010); they are based on Asplund et al. (2006). They take into account the hyperfine structure of the lines and also the isotopic components for an assumed solar isotopic ratio. The abundance A(Li), based on one-dimension models with the approximation of local thermodynamical equilibrium (1D-LTE), is given in Col. 3 of Table 3. Notes. An asterisk means that new spectra have been obtained.

3D NLTE correction

Abundance corrections due to 3D and NLTE effects may be taken into account by using the analytic fitting functions developed by Mott et al. (2020). Using the individual stellar parameters from Table 1, the metallicity [Fe/H] from Table 2, and the 1D-LTE lithium abundance A(Li) from Table 3 as input for their function FFI, we obtain corrections in the range -0.01 ∆(FFI) +0.04 (assuming 6 Li/ 7 Li = 0). This closely agrees with the corrections for stars on the Spite plateau shown in Fig. 16 of Mott et al. (2020). Alternatively, we can use fitting function FFIII with the equivalent width EW from Table 3 instead of the 1D LTE Li abundance. With this method, we obtain corrections in the range -0.05 ∆(FFIII) -0.03, significantly more negative than the corrections derived from FFI.

A170, page 4 of 15 This disagreement arises because the treatment of the radiative opacities in the 3D CO5BOLD (Freytag et al. 2012) model atmosphere and the 1D MARCS model differs in its level of detail (CO5BOLD opacity groups versus detailed MARCS opacity sampling). The corrections ∆(FFI) are valid if the difference between A(Li) 3D-NLTE -A(Li) 1D-LTE is insensitive to the description of the opacities as long as the same treatment is used to construct the 3D and the 1D model. On the other hand, ∆(FFIII) is valid if the EW of the 3D NLTE synthetic line profile is insensitive to small changes in 3D temperature structure related to the description of the radiative opacities.

Comparison of 1D models with different opacity schemes shows that neither of the above conditions is strictly valid (see e.g., Fig. 15 in Mott et al. 2020). A better approximation is to assume that A(Li) 3D-NLTE -A(Li) 1D-NLTE is invariant under an identical change of the opacities in the 3D and the 1D model. In this case, the abundance correction is given by ∆ 3 = ∆(FFI) + ∆ (0) 1D -∆ (1) 1D , where ∆ (0) 1D and ∆ (1) 1D denote the NLTE corrections computed from 1D models with CO5BOLD and OSMARCS opacities, respectively, but otherwise identical stellar parameters. We find that ∆ (0) 1D -∆ (1) 1D is approximately -0.03, and hence ∆ 3 ranges between -0.04 and +0.00 for our sample of stars.

We note that the Li abundance corrections for stars on the Spite plateau provided by Wang et al. (2021) appear to be slightly more negative than our ∆(FFI) by about 0.003 dex, judging from their Fig. 11, presumably owing to a different treatment of the UV background opacities in calculating the lithium line formation in statistical equilibrium. Nevertheless, their raw corrections agree almost perfectly with our refined (final) corrections ∆ 3 .

Li abundance

The 3D NLTE Li abundances given in the last column of Table 3 are computed as A(Li) 1D-LTE + ∆ 3 .

In Fig. 3 we plot the 3D NLTE Li abundance versus metallicity for our sample of stars (black dots) and for the stars of the First Stars (green dots).

The observational error is a function of the S/N of the spectrum. We estimated that in this region of the spectrum, it is close to 0.06 dex for S /N = 100 and 0.10 dex for S /N = 70. These estimates are based on the Cayrel formula [START_REF] Cayrel | The Impact of Very High S/N Spectroscopy on Stellar Physics[END_REF]) and on a direct evaluation of the uncertainty of the best fit of the observed profile because the Cayrel formula does not take the uncertainty in the position of the continuum into account in particular. The estimation of the total error on the Li abundance (quadratic sum of the uncertainty of the model (0.07 dex) and of the observational error) is given in Col. 4 in Table 3. In Fig. 3, several stars deviate significantly from the average. We drew a red circle around the stars whose Li abundance deviates from the average by more than twice the total error given in Col. 4 in Table 3. When these stars are not taken into account, we find that for our sample, the level of the plateau is at A(Li) = 2.14 ± 0.07 and at A(Li) = 2.16 ± 0.07 when we also consider the First Stars sample. The level of this plateau is within the uncertainty compatible with the values found by Bonifacio et al. (2007) (A(Li) = 2.10) and in Paper I (A(Li) 3D-NLTE = 2.20). In our sample, only two stars have a Li abundance that deviates from the plateau by more than 2σ: CS 22188-033 and CS 22882-027.

The star CS 22188-033 ([Fe/H] = -2.99) shows a significant lithium depletion (Fig. 3). It confirms a meltdown of the Spite plateau below [Fe/H] = -2.9.

Within the First Stars, three other stars with [Fe/H] < -2.9 were also found with a Li abundance deviating by more than 2 σ from the plateau: CS 22888-031, CS 22948-093, and CS 22966-011 (Bonifacio et al. 2007, and Paper I).

In CS 22882-027, the lithium line is not visible, and it was only possible to derive an upper limit of A (Li). This star is the least metal-poor star of our sample ([Fe/H] = -2.5). In the following, we say for convenience that this star is lithium free. It is discussed in Sect. 5.1.

Carbon and nitrogen

In this study, C and N abundances were derived from the analysis of molecular bands: for C, the G-band at 425-450 nm formed by CH lines, and for N, the NH band around 336 nm. The parameters of the G-band (Masseron et al. 2014), and the NH band 2 were directly taken from the website of Bertrand Plez 3 .

For all stars in our sample, we analysed the G-band around 430 nm. It is rather weak in these very metal-poor and relatively hot stars, and generally, only an upper limit could be derived. This is provided in Table 2.

The NH band in the near-UV (around 336 nm) is generally outside the spectral range covered by our data. This wavelength range was observed in only two stars: BS 17572-100 and HE 1413-1954. The NH band could be measured in HE 1413-1954, but it is not visible in BS 17572-100 (as is generally the case in turnoff stars).

In our sample, one star, HE 1413-1954, has been reported to be a carbon-enhanced metal-poor (CEMP) star (Masseron et al. 2010;Pols et al. 2012). We confirm the high abundance of C in this hot turnoff star: [C/Fe] = +1.7 dex (Table 2). From the NH band, we found a very high N abundance (A(N) = 7.3, i.e.

[N/Fe] = 2.7 dex) in agreement with the literature (see Pols et al. 2012;Lucatello et al. 2006).

In metal-poor stars, the proportion of CEMP stars increases when the metallicity decreases. Following Lucatello et al. (2006), at least 20% of the stars with [Fe/H] < -2.0 are CEMP stars. In these stars, the distribution of the C abundance is bimodally centred around A(C) 7.0 (low-C band) and A(C) 8.3 (high-C band) (Bonifacio et al. 2015(Bonifacio et al. , 2018)). With A(C) = 6.9, HE 1413-1954 belongs to the low-carbon band (see Fig. 2 in Bonifacio et al. 2018). 3.6. α elements magnesium, silicon, calcium, and titanium

Magnesium

Magnesium is produced during hydrostatic phases, specifically, in the burning of carbon in the shells of massive stars. The Mg abundance from the three Mg lines blended by hydrogen lines (around 383 nm) was deduced by spectrum synthesis. The stars of our sample show positive and fairly constant ratios of [Mg/Fe] with values of [Mg/Fe] = +0.24 ± 0.10 dex.

The CEMP star HE 1413-1954 has the highest [Mg/Fe] ratio of our sample. This has been observed for several CEMP stars. The star CS 30302-145 exhibits a significantly low Mg value, [Mg/Fe] = -0.21, presenting a difference of 0.42 dex from the average value. This star was not taken into account in the computation of the mean [Mg/Fe] ratio. In Figs. 4567, the position of this star is indicated by a blue square.

Silicon

Silicon is formed during the oxygen burning and in smaller amounts, also by neon burning, in a combination of preexplosive and explosive phases in type II supernovae (SNe). Abundances of silicon were determined using the line 390.55 nm. The mean value of [Si/Fe] is close to zero. The average value is 0.00 ± 0.22 dex. Following Shi et al. (2009), in the range of temperature and metallicity of the stars we studied, the LTE abundance of Si determined from the 390.55 nm line should be corrected by about +0.25 dex. (This correction was not applied in Table 2).

With [Si/Fe] = -0.49 dex, the star CS 30302-145, which was found to be Mg-poor, is also very Si-poor. (It was not taken into account in the computation of the mean [Si/Fe] ratio.)

Calcium

The Ca lines available in stellar spectra allow to derive A(Ca) in a wide range of metallicity. We took advantage of the investigation of the departure from local thermodynamical equilibrium (NLTE) in Spite et al. (2012) to correct our measurements. The NLTE correction in our stars is about +0.1 dex. The values given in Table 2 are corrected for NLTE effects. Moreover, we did not use the resonance line of neutral calcium at 421.6 nm because in metal-poor stars, the use of this line leads to an underestimation of the Ca abundance, which reaches up to 0.3 dex at [Ca/H] = -3.0 (see e.g., Spite et al. 2012). The mean abundance we found is [Ca i/Fe] = +0.46 ± 0.18 dex.

The abundance of Ca deduced from the ionised lines is based on one single measured line, the Ca ii-K line at 392.3 nm. The Ca abundance derived from Ca i and Ca ii lines generally agrees well (see Table 2).

However, we note that CS 30302-145 is an exception, and if we had used the abundance of Ca deduced from the Ca ii line, this star, poor in Mg and Si, would have the lowest value of [Ca/Fe] of our sample ([Ca/Fe] = 0.2 dex).

Titanium

The theoretical studies of core-collapse SNe and hypernovae predict the ejection of large quantities of titanium (Limongi & Chieffi 2003a,b). The explosion mechanisms have a substantial impact on the production of titanium. The abundance of titanium was derived using the lines of ionised titanium, which is the dominant species in our sample of stars. The titanium-to-iron ratio is very consistent in all the stars of the sample: [Ti/Fe] = 0.38 ± 0.17 dex.

3.7.

Light odd-Z metals: sodium, aluminium

Sodium

In massive stars, sodium is created mostly during hydrostatic carbon burning and partly during hydrogen burning through the NeNa cycle (see e.g., Cristallo et al. 2009;Romano et al. 2010). Here we studied the sodium D doublet lines (588.99 nm and 589.59 nm), which are the only sodium lines observed in EMP stars. These lines are affected by NLTE effects. In Table 2 we applied the NLTE corrections provided by Andrievsky et al. (2007). In these warm metal-poor turnoff stars, the correction is only about -0.07 dex. The mean value of [Na/Fe] in our sample is [Na/Fe] = -0.43 ± 0.22 dex. The Mg-Si-poor star CS 30302-145 has the lowest sodium abundance ratio [Na/Fe] = -0.90.

Aluminium

In massive stars, aluminium is a product of carbon and neon burning (Limongi & Chieffi 2003a,b;Nomoto et al. 2013). We analysed the resonance doublet of Al i at 394.40 and 396.15 nm.

Both lines are sensitive to departure from LTE. We applied the corrections by Andrievsky et al. (2008). In these metal-poor turnoff stars, the NLTE correction is positive and very significant. It increases the LTE Al abundance by about +0.65 dex. The values given in Table 2 are corrected for NLTE. The mean [Al/Fe] value is -0.12 ± 0.10 dex (if we do not take into account CS 30302-145).

The [Al/Fe] value of the Mg-Si-poor star CS 30302-145 is 0.55 dex lower than the average value (see Fig. 5).

Elements formed during complete and incomplete Si burning

We included the iron peak elements Sc, Cr, Mn, Fe, Co, and Ni. Iron is the most tightly bound nucleus, and the iron peak elements are the last for which fusion reactions are the main mode of production. In the matter that formed the old very metal-poor stars, these elements were ejected by type II SNe, and their production occurs during Si burning in the pre-SN phase and in the explosive phase (Limongi & Chieffi 2003a,b).

Scandium

Scandium is exclusively observed in its singly ionised state.

Our scandium abundances were measured using the Sc ii line at 424.68 nm. When comparing our results with the First Stars sample (Bonifacio et al. 2009), we have an excellent agreement.

The nucleosynthesis of this element is linked to the mass of the parent stars (Chieffi & Limongi 2002). If the gas out of which these stars were formed had been enriched by a few SNe with slightly different masses, we could expect a high dispersion in scandium abundances, which in our case (Fig. 5) is not observed.

There is one exception: the very lithium-poor star CS 22882-027. This star stands out with the lowest scandium abundance at about 3 σ from the mean.

The chemical evolution models of the Galaxy do not represent the evolution of the abundance of this element well (Kobayashi et al. 2006;Matteucci 2016). They generally underestimate the scandium abundance at low metallicity.

Chromium

The explosive combustion of silicon is the main source of chromium (see e.g., Woosley & Weaver 1995;Chieffi & Limongi 2002;Umeda & Nomoto 2002). Our LTE analysis based on Cr i lines shows the well-known decrease in [Cr/Fe] with decreasing metallicity. Following Bergemann & Cescutti (2010), this is an effect of NLTE on neutral chromium. The NLTE correction is about +0.4 dex at [Fe/H] = -3 and only +0.2 dex at [Fe/H] = -2. If we apply this correction to our sample of stars and to the stars studied in Bonifacio et al. (2009), the ratio [Cr/Fe] is practically constant and close to zero in our metallicity range. The values given in Table 2 are not corrected for NLTE.

Manganese

At low metallicity, manganese is mainly made during silicon burning in core-collapse SNe. Our determination of the abundance of Mn in our sample of turnoff stars is based on the A170, page 7 of 15 A&A 654, A170 (2021) Fig. 6. Iron peak elements. Symbols are the same as in Fig. 4.

resonance Mn triplet at 403 nm, which is known to be strongly affected by departure from LTE (Bergemann & Gehren 2008;Bergemann et al. 2019). This NLTE correction has not been applied in Table 2 or in Fig. 6. The average value is [Mn/Fe] = -0.64. Moreover, in Fig. 6, the most metal-poor stars seem to be more Mn poor, but this can be explained by the strong increase in NLTE correction when the metallicity decreases (see Fig. 9 in Bergemann et al. 2019), but this correction has not been computed below [Fe/H] = -3.

Here again the Mg-Si-poor dwarf CS 30302-145 stands out in the sample. It shows a considerably higher manganese abundance than the remaining sample (see Fig. 6). This latter value has not been taken into account in the computation of the average (its value is 0.56 dex above this average).

Cobalt

In our very metal-poor turnoff stars, the Co abundance is derived from the Co i lines at 384.5, 399.5, and 412.1 nm. These lines are known to be widened by hyperfine splitting structure and are very sensitive to departure from LTE (Bergemann 2008;Bergemann et al. 2010). In our classical LTE analysis, we observe an increase in [Co/Fe] as the stellar metallicity decreases (see Fig. 6), as was noted by McWilliam et al. (1995), Cayrel et al. (2004), andBergemann et al. (2010), for example. According to Bergemann et al. (2010), the NLTE correction leads to an even stronger increase in [Co/Fe] with decreasing [Fe/H]. Chemical evolution models of the Galaxy fail to explain this behaviour (see e.g., Romano et al. 2010;Matteucci 2016). Bergemann et al. (2010) predicted yields, Co is overproduced relative to Fe in short-lived massive stars.

In Fig. 6 the Mg-and Si-poor dwarf CS 30302-145 has the highest [Co/Fe] ratio of our sample.

Nickel

The mean value of the nickel-to-iron ratio is about zero (Fig. 6), [Ni/Fe] = 0.04 ± 0.15 dex, in good agreement with the data of Bonifacio et al. (2009).

The two stars CS 30302-145 andHE 1413-1954 have the highest values of the Ni abundance with respect to iron, see Fig. 6. The error on the Ni abundance of the second star is very large, however.

Neutron-capture elements Sr and Ba

While elements up to iron are formed by nuclear fusion in an exothermic way, for heavier nuclei, fusion reactions become endothermic because Fe nuclei are the most tightly bound. As a consequence, the preferred route for the formation of heavier nuclei is neutron capture (see e.g., Arnould & Goriely 2020; Cowan et al. 2021, and references therein). This capture can occur through two main processes. A very rapid process (main r-process) in violent events such as explosions following the core collapse of massive SNe, the merging of neutron stars or of black holes, jets, gamma ray bursts, etc. A slow process (main s-process) at a rate much lower than the β decay. This occurs at the end of the evolution of relatively low-mass stars in their asymptotic giant branch (AGB) phase. Because these low-mass stars have a long lifetime, they could not enrich the matter that formed the very old metal-poor stars we studied. In our sample of stars, the abundance of the neutron-capture elements mainly reflects the products of the main r-process.

However, the large scatter of [Sr/Ba] for instance for a given [Ba/Fe] suggests that another mechanism is able to enrich the matter in the early Galaxy (e.g., Spite et al. 2014;Cowan et al. 2021). In Fig. 8, the ratio [Sr/Ba] is plotted versus [Ba/Fe] for the stars of the First Stars sample (dwarfs and giants) and our sample of stars. A star can be Sr rich but Ba poor. Contributions of fast-rotating massive stars through a non-standard s-process (Meynet et al. 2006;Frischknecht et al. 2012Frischknecht et al. , 2016)), or supermassive AGB through an intermediate i-process (Cowan & Rose 1977) are generally evoked. The contributions of these other processes become relatively high only in Ba-poor stars, where the matter that formed the star has been little enriched in heavy elements by the main r-process.

In warm very metal-poor dwarf stars such as those in our sample, only the abundances of Sr and Ba are measurable in the visible region of the spectrum. In this study, we analysed two ionised strontium lines at 407.7 nm and 421.6 nm and only the Ba line at 493.4 nm because the strongest Ba line at 455.4 nm is generally outside the wavelength range of our spectra: the Ba 455.4 nm line could be measured only in BS 17572-100 andHE 1413-1954. We could measure the Ba abundance in the C-rich star HE 1413-1954, and we found (Table 2): [Ba/Fe] = 0.01 ± 0.2. This star, which belongs to the low-C band, is as expected not enriched in Ba (see e.g., Fig. 6 in Bonifacio et al. 2015). HE 1413-1954 can be classified as a CEMP-no star (following Beers & Christlieb 2005).

Kinematic and orbital properties of the star sample

In this section, we compare the kinematic and orbital parameters of our 11 stars to the First Stars sample that was extensively studied in Di Matteo et al. (2020). In particular, we try to detect, for instance, whether the Li-poor stars (from our sample or the First Stars sample) present any special characteristics. Notes. The units are given in the text. We add the parameters of the three Li-poor stars studied in the frame of the First Stars project at the end of the table. The orbital characteristics of the stars studied in the First Stars sample are given in Di Matteo et al. (2020).

We used the GalPot code 4 (Dehnen & Binney 1998) together with the galactic model of McMillan (2017) to derive the kinematical properties of our sample of stars. In this model, the distance of the Sun from the Galactic centre is R = 8.21 kpc and the local standard of rest (LSR) velocity, V LSR = 233.1 km s -1 (McMillan 2017). The velocity of the Sun relative to the LSR is U = 11.1 km s -1 , V = 12.24 km s -1 and W = 7.25 km s -1 (McMillan 2017). The disc rotates clockwise, and as a consequence, the z-component of the disc angular momentum, Lz, and the disc azimuthal velocity, V phi , are negative. A star with negative Lz and V phi is prograde.

The positions, proper motions, and parallaxes of our sample of stars are taken from Gaia DR2, but the radial velocities were measured on the spectra (Table 1 in Paper I) with a precision of 1 km s -1 . The sample of stars we studied has about the same distance distribution, between 0.4 and 1.9 kpc (Table 1), as the sample of dwarfs studied in the frame of the First Stars (Di Matteo et al. 2020), which is used here also as a chemical comparison sample. The error on the parallax for all the stars is lower than 12% (see Table 1). The main kinematical data and orbital properties of these stars are presented in Table 4.

-X, Y, Z are the galactic coordinates of the stars, and V X , V Y , V Z their velocities in the three directions. X, Y, Z, are given in kpc and the velocities in km s -1 .

-R = √ X 2 + Y 2 is the distance of the star to the Galactic centre in kpc, and V R is the component of the velocity in this direction:

V R = (XV X + YV Y )/R.
-Lz, the z component of the angular momentum, is equal to XV Y -YV X .

-Lperp, the perpendicular angular momentum component, is equal to Lx 2 + Ly 2 (with Lx = YV Z -ZV Y and Ly = ZV X -XV Z ). Angular momenta are given in units of 100 kpc km s -1 .

-The azimuthal velocity V phi is defined as the z component of the angular momentum divided by R, that is, Vphi = Lz/R.

-The energy of the orbit is given in units of 100 km 2 s -2 . In Fig. 9 we compare the position of our stars (black dots) to Generally speaking, in Fig. 9 our new set of stars (black dots) occupies the same location as the dwarfs of the First Stars sample (green dots). The Li-poor stars (with A(Li) < 2.0) in our new star sample and in the First Stars sample are circled in red, the Li-free star CS 22882-27 by a red square, and the low-α star CS 30302-145 by a blue square. In the remainder of this paper, we discuss the position of our new sample of stars and of the Li-poor stars from our sample or the First Stars sample. Haywood et al. (2018) and Di Matteo et al. (2020) showed that the low-α and high-α stars of the Nissen & Schuster (2010) sample and the Gaia DR2-APOGEE sample (Di Matteo et al. 2019) occupy different positions in the diagrams of Fig. 9 (see in particular Fig. 5 in Di Matteo et al. 2020). From these positions, it has been possible to define different zones populated mainly by accreted stars or stars formed in situ. These different zones are reported in Fig. 9. Simulations suggested indeed that the low-α stars in the Nissen & Schuster (2010) and the Gaia DR2-APOGEE samples are the remnants of an accretion event in the early history of the Milky Way. The stars in these samples are more metal rich than the stars of the First Stars sample and the 11 stars we studied, but Di Matteo et al. (2020) showed that despite their different abundance content, they can share the same common origin.

However, we must insist on the fact that there is an important overlap in kinematics properties of the stars. It clearly appears that there is no sharp transition between the accreted stars and the stars formed in situ (in contrast to what might be thought from our Fig. 9). A star in a region noted "accreted stars" in Fig. 9 has only a higher probability to be an accreted star than a star located in a region noted "stars formed in situ". A170, page 10 of 15 Fig. 9. Characteristics of the orbital kinematics. Our stars are represented by black dots, and the dwarfs of the First Stars by green dots. The Li-poor stars are circles in red, the Li-free star by a red square, and the low-α star by a blue square. The other very metal-poor and low-α star HE 1424-0241 (Cohen et al. 2007) is indicated by an open blue diamond. In panel A, the blue zone shows the location of the disc stars in this diagram. In panels C and E, the location occupied mainly by accreted stars is indicated. In panel D, the dotted lines delimit the region in which the Nissen & Schuster (2010) stars are located. Units of the plotted quantities are velocities in km s -1 , distances in kpc, angular momenta in 100 kpc km s -1 , and energy in 100 km 2 s -2 . It is important to note that in the zone marked as containing "accreted stars", e.g., there is only a high probability that the stars in this zone are accreted, and this is the same for the zone marked "in situ". Exceptions may exist (Schuster et al. 2012).

The Toomre diagram (see Fig. 9A) shows that, like the First Stars sample, our stars are mainly prograde. The light blue area shows the location of the disc stars. Most of our stars are rather close to this zone. The azimuthal velocity V phi (and the z component of the angular momentum Lz) of the Li-poor stars is generally close to zero.

Most of the 11 stars we studied remain during their life in or close to the thick disc with zmax ≤ 5 kpc, (see Fig. 9B1). Only HE 0148-2611 and the Li-poor star of the First Stars sample, CS 22948-093, have a z max value higher than 10 kpc. Two stars with R max > 40 kpc are moving far away from the Galactic centre : CS 29514-07 and the Li-poor star of the First Stars sample, CS 22948-93.

Following Di Matteo et al. (2020), the stars with arctan(Rmax/zmax) < 0.2 (see Fig. 9B2) are in a zone in which most of the stars are formed in situ. In the zone where arctan(R max /z max ) values are above 0.5, the stars are in contrast probably accreted. (The limits between accreted stars and stars formed in situ are discussed in detail in Sect. 5.3).

One Li-poor star CS22188-33 is in the zone of the "in situ stars" , but another Li-poor star, CS22948-93, is in the zone of the "accreted stars". The Li-free star CS22882-27 is in the zone of the "accreted stars".

In Fig. 9C, only one star of our sample (HE 1413(HE -1954) ) is in the region Lz < -10 kpc km s -1 , in which following Di Matteo et al. (2020), most of the stars were formed in situ.

Two stars with Lz > -10 kpc km s -1 associated with L perp 13 kpc km s -1 , are in a zone only populated by accreted stars, following Di Matteo et al. (2020): HE 0148-2611 and the Li-poor star CS 22948-93. The Li-free star CS22882-27 is at the limit of this zone, which is mostly occupied by the accreted stars.

The region with of Lz > -10 kpc km s -1 but L perp < 13 kpc km s -1 is the locus in which stars of the Gaia-Sausage-Enceladus structure (GSE, Belokurov et al. 2018;Haywood et al. 2018;Helmi et al. 2018) are redistributed, but also the locus of in-situ stars is heated to halo-like kinematics by accretion (Di Matteo et al. 2019). The α-poor star CS 30302-145 belongs to this mixed region.

In Fig. 9D, the relation between the eccentricity and the angular momentum Lz is presented. The locations of most of the Gaia-DR2-APOGEE and Nissen & Schuster (2010) stars are indicated by dotted lines. The four Li-poor stars have an angular momentum close to zero, and as most of the stars with this Lz value, they have a high eccentricity (ecc > 0.85) (see Di Matteo et al. 2020).

Figure 9E shows the relation between the energy E and the angular momentum Lz. Following Di Matteo et al. (2020), stars with E > -1500 km 2 s -2 are most probably accreted because they lie in a region that is populated only by accreted stars in the Gaia-DR2-APOGEE and Nissen & Schuster (2010) samples. In this region, we find three stars of our sample, CS22950-173, HE014826-11, and the α-poor star CS 30302-145. The Li-poor star CS22948-93 also belongs to this "accreted zone".

The positions of our sample of stars in the different diagrams of Fig. 9 are summarised in Table 5. The Li-free CS22882-027 presents many characteristics of the accreted stars and also the Li-poor star CS22948-093. In contrast, the Li-poor star CS22188-033, with its very low value of arc tang (z max /R max ), seems to have been formed in situ. The other Li-poor stars CS22888-031 and CS22966-011 are in zones in which accreted stars and stars formed in situ are found (mixed zones). Notes. The status ("sit" is for "formed in situ" and "acc" for "accreted") is from the value of arc tang (z max /R max ), the position of the star in the diagram L perp vs. Lz and the value of the energy. We added three Li-poor stars from the First Stars sample at the end of the table. (The orbital characteristics of the stars studied in the First Stars sample are given in Di Matteo et al. 2020).

We note that the star CS29514-007, with its low value of arctan(R max /z max ), seems to have been formed in situ. In contrast, its very high energy value suggests that it has been accreted. All the stars in Fig. 10 are compatible with an age in the range of 12-14 Gyr, as expected from their low metallicity.

Discussion

However, one star, CS 22882-027, seems to be much younger. According to the isochrone, its age is 8 Gyr and its mass is 0.8 M , slightly higher than the masses estimated for the other stars, which are in the range 0.67-0.78 M . Moreover, we have seen that it has no measurable lithium (Sect. 3.4). These are two characteristics of blue stragglers (Bonifacio et al. 2019). A blue straggler is the result of the merging of two stars. Lithium is destroyed in the merging process, and the newly formed star, which has a higher mass, occupies a position on the colour-magnitude diagram that would normally be populated by genuinely younger stars. Ryan et al. (2001) suggested that the stars with no detectable Li are blue-stragglers-to-be and Bonifacio et al. (2019) showed that three out of four of the stars investigated by Ryan et al. (2001) are indeed canonical bluestragglers. We note that CS 22882-027 has a normal abundance of all the other elements except for Sc, whose abundance is very low (see Fig. 6). 

Li-poor stars

In addition to the blue straggler CS 22882-027, another star of our sample, CS 22188-033, has a rather low Li abundance, and during the Large Programme First Stars, three other stars were also found with a Li abundance deviating by more than 2 σ from the plateau (see Sect. 3.4). These three stars are plotted in Fig. 10 as green dots. All these lithium-poor stars have a normal distribution of the other elements. They do not present any systematic chemical anomaly.

It is interesting to remark that although we mainly studied stars located at the turnoff, three out of four Li-poor stars (excluding the blue straggler CS 22882-027) are on the main sequence before the turnoff (see Fig. 10). This could suggest that in the most metal-poor dwarfs, some kind of atmospheric phenomenon (possibly diffusion) brings Li in the deep atmosphere, from where it is again mixed in the photosphere as the star reaches the turnoff and the surface convective zone deepens (see also Mucciarelli et al., in prep., priv. comm.).

Stars: accreted or formed in situ?

The kinematic properties reflect large intrinsic differences between the stars formed in situ and those derived from accretion events. The most massive galaxies have a higher percentage of stellar accretion, and they harbour the most metal-poor stars (Oser et al. 2010;Simon 2019). Table 5 provides the kinematical characteristics of the stars and their probability to be accreted or formed in situ.

However, we must note that all our interpretation is based on the assumption that the high-α stars observed by Nissen & Schuster (2010) (with [Fe/H] ≈ -1.2) mostly have an in-situ origin, and that low-α stars are mostly associated with accretion events (Di Matteo et al. 2020). On the one hand, Renaud et al. (2021) recently showed that a population of high-α stars can also be formed through accretion of massive satellites (see their Fig 8), and on the other hand, Khoperskov et al. (2021) showed that a population of low-metallicity, low-α stars can also be formed in situ in the outer regions of Milky Way-type galaxies, where the star formation efficiency may be low (see some of the cases shown in Fig. 8 of their paper). A170, page 12 of 15

On the basis of their orbital properties, and if we assume that our interpretation of the observations of Nissen & Schuster (2010) is correct, we can deduce that six stars of our sample have probably been accreted and that three stars were probably formed in situ (Table. 5).

The star CS 29514-007 presents ambiguous characteristics. It has a low value of arctan(R max /z max ), but a high R max (Fig. 9). It lies in a region where both accreted and in-situ stars are found. It may be possibly accreted, as suggested also by its high energy value. This interpretation does not contradict the finding of Amarante et al. (2020) and Koppelman et al. (2020), who showed that structures or wedges discussed by Haywood et al. (2018) in the z max -R max plane depend on the different orbital families populated by halo stars and resonant orbits.

α-poor star CS 30302-145

The EMP star CS 30302-145 we studied has a low abundance of the α elements Mg and Si, but the [Ca/Fe] ratio is consistent with the sample average (see Fig. 4). In this star, the odd light metals Na and Al (see Fig. 5) are also deficient, but it is clearly Mn-rich and belongs to the stars with the highest ratios of [Co/Fe] and [Ni/Fe] (see Fig. 6).

A similar behaviour has been observed in another EMP star, HE 1424-0241, a giant with [Fe/H] -4 (Cohen et al. 2007). This star also has a very low [Si/Fe] ratio, but in contrast to CS 30302-145, Mg is about normal and Ca is deficient. Both stars are Mn rich. For these two stars, we computed the differences between their value of [X/Fe] and the value of [X/Fe] in similar "normal" stars. For HE 1424-0241, we took the normal giants from the 0Z survey as a reference, evaluated at [Fe/H] = -4 (Cohen et al. 2007, Col. 7), and for CS 30302-145, we adopted the mean value, estimated at [Fe/H] = -3, from Bonifacio et al. (2009). In Fig. 11 we plot this difference as a function of the atomic number. CS 30302-145 is much less extreme than HE 1424-0241 .

In Fig. 11 we also add (dotted lines) two less metal-poor but α-poor subgiants BD+80 245 and G4-36 (Ivans et al. 2003;Salvadori et al. 2019) with [Fe/H] -2. For these stars, we adopted as a reference the mean value of [X/Fe] at [Fe/H] = -2.0 following Reggiani et al. (2017). Another α-poor star (and rprocess-enhanced star) has been reported by Sakari et al. (2019), this horizontal-branch star with [Fe/H] = -1.9, RAVE J 0937-0626, is also poor in Mg, Al, Si, and Ca, but it does not seem to be enriched in Mn or in Co.

All the stars in Fig. 11 present a similar trend, but the differences from star to star are significant. In BD+80 245 and G4-36, which are less metal-poor ([Fe/H] = -2), Ivans et al. (2003) tried to explain the distribution of the elements as caused by the effect of the first SN Ia. They concluded that the abundance distribution they observed could only be explained by a strong contribution of the SN Ia events. The same explanation was suggested by Sakari et al. (2019) for RAVE J 0937-0626. This is unlikely to occur in stars as metal-poor as CS 30302-145 or HE 1424-0241. The matter that formed these two stars could be enriched only by the ejecta of SN II, and following Cohen et al. (2007), the different models of SN II yields are not able to explain the peculiar distribution of the elements. Salvadori et al. (2019) suggested that BD+80 245 ([Fe/H] = -2.0) had been enriched by very massive first stars exploding as pair-instability SNe (PISN). This star has indeed a very low abundance of Zn, a characteristic of the ejecta of PISN. This might be also possible for the matter that formed CS 30302-145. We thus tried to measure the Zn abundance in CS 30302-145 in order to detect a Zn deficiency. We found [Zn/Fe] < +1, this does not allow us to decide if the star is Zn poor or not. In extremely metal-poor stars, it is in fact impossible to detect a deficiency of Zn with an S/N as low as about 65 around the zinc line at 481 nm.

In CS 30302-145, we were only able to measure the abundance of Sr of the neutron-capture elements. It is highly deficient, but at this metallicity, many normal metal-poor stars are Sr-poor (see e.g., François et al. 2007).

We note that the star CS 30302-145 has a retrograde orbit (see Fig. 9A) and that its energy is relatively high (Fig. 9E). As a consequence, this star may have been formed in a dwarf galaxy and have later been accreted by the Milky Way.

Conclusions

The aim of this study was to perform a detailed chemical analysis for a sample of 11 dwarf halo stars that extends from main sequence to turnoff, in order to detect abundance anomalies in Li-poor stars.

A few of these very metal-poor stars ([Fe/H] ≤ -3.0) are indeed characterised by a lower Li abundance than the Spite plateau. We were able to compare the chemical pattern of stars on this plateau to the Li-depleted stars, and we did not find any significant difference.

The star CS 22882-027, in which the lithium line is not visible, seems to be a canonical blue straggler, as suggested by Ryan et al. (2001), andBonifacio et al. (2019). In this star, the Sc abundance is rather low.

The CEMP star HE 1413-1954 belongs to the low-carbon band, and as expected, it is a CEMP-no (without enrichment in heavy elements, see Bonifacio et al. 2015Bonifacio et al. , 2018)). We note that the Li abundance in this star is compatible with the Spite plateau (Masseron et al. 2012;Matsuno et al. 2017b).

The star CS 30302-145 shows low abundances of all the α elements except for Ca, but it has a high value of Mn. A similar behaviour was observed in the α-poor EMP star ([Fe/H] = -4) HE 1424-0241 Cohen et al. (2007), but with some differences. i/ The odd elements Na and Al are over-deficient in CS 30302-145, but not in HE 1424-0241. ii/ Unlike in CS 30302-145, Mg is normal in HE 1424-0241 and Ca is deficient. iii/ The relatively high value of the energy of the orbit of CS 30302-145 might indicate that this star has been accreted, but this is not the case of HE 1424-0241. The age of all the stars in our sample extends from 12 to 14 Gyr. (One star, CS 22882-027, seems to be younger, but we have shown that it is very likely a blue straggler.)

In the study of the kinematic and orbital properties of the stars, we observed (Table 5) that the parameters of 6 of the 11 stars are compatible to an accretion by our Galaxy. The orbital parameters of only one star, the C-rich star HE 1413-1954, suggest that this star was very probably formed in situ.

The blue straggler CS 22882-027 and the α-poor star CS 30302-145 may have been formed in another galaxy and been accreted later.

Considered collectively, the Li-poor stars do not have any specific orbital characteristics. All have highly eccentric orbits, and they are almost equally divided between prograde and retrograde stars.

Appendix A: Comparison with the recent literature

-BS 17572-100 (or HE 0926-0508): This star has been studied by Barklem et al. (2005) in the frame of the ESO-Hambourg survey, and Meléndez et al. (2010) determined its Li abundance. Zhang et al. (2011) determined the abundance of Si in this star, taking the NLTE effects into account. When we consider that our value of A(Si) has to be increased by 0.25 for NLTE correction and that the log gf value adopted by Zhang et al. (2011) is 0.05 lower than our value (from Vald3), the agreement between our determinations and theirs is very good (A(Si) NLTE = 4.94 and 5.01, rectively). -CS 22950-173: This is one of the blue metal-poor stars for which Preston & Sneden (2000) searched for a variation in radial velocity. They concluded that it was not a spectroscopic binary. They found a metallicity [Fe/H] 0.2 dex higher than our value, but this is explained by the fact that they adopted a temperature (based on the old relation B -V color versus T eff , following Boehm-Vitense (1981)) almost 500 K higher than ours. Spite et al. ( 2014) also found a metallicity slightly higher than ours, but this is also due to an adopted higher temperature, which in this case was based on the profile of the H α wings. Moreover, in both cases, the Fe lines list is not exactly the same. -CS 29514-007: This star is considered a CEMP-no star in the extensive study of EMP stars carried out by Roederer et al. (2014). We obtained the same metallicity as Roederer et al. (2014) for this star, but they found A(C)=6.49 while we were only able to estimate an upper limit of the carbon abundance: A(C) ≤ 6.33. We do not have a clear explanation for this difference in the A(C) determination. It might be that the G-band is so weak that the C determination is uncertain in any case. Unfortunately, unlike ESO, Magellan does not have a public archive, so we were unable to directly compare the UVES spectrum we analysed with that of Mike. In any case, this star is not a true CEMP star according to the Beers & Christlieb (2005) definition: metal-poor star with [C/Fe]> +1.

-HE 0148-2611: This star was studied by Carretta et al. (2002) from HIRES Keck spectra. With about the same atmospheric parameters (Cohen et al. 2002) as those we 2). -HE 1413-1954: This star is classified as a CEMP star following Masseron et al. (2010) and Suda et al. (2011). Our values agree fairly well with those of Masseron et al. (2010). Our higher value of the [C/Fe] ratio can be explained by the large uncertainty of the C abundance due to to the low S/N of the spectrum in the region of the CH band. This star was also analysed by Allen et al. (2012), and their abundances agree with our determinations. The C abundance determination by Zhang et al. (2011) for this star perfectly agrees with our value. They also computed an NLTE profile of the Si 3905 line, however, and their A(Si) value was found to be much higher than ours. If we apply a NLTE correction (+0.25 dex following Shi et al. 2009) to our value, we find A(Si) NLTE = 4.25, to be compared to the value A(Si) NLTE = 5.04, after correcting the log gf value by 0.05 (see BS 17572-100 at the beginning of this section). These values are not compatible, although the same ESO-UVES spectra were used. The slight difference in the adopted effective temperature cannot explain this effect. In Chapter 4

Stars at high speed

Our understanding of the Galaxy has been revolutionised by the data provided by the Gaia satellite (parallaxes, photometry, radial velocities, proper motions). In the context of the high-speed stars, I here introduce my investigation on two high-quality spectra of two evolved stars obtained with the HDS spectrograph at the Subaru telescope.

In section 1.1 we introduce the high speed stars and in section 1.2 we talk about the major accretion event, the Gaia-Sausage-Enceladus event that emerged from the first Gaia data releases. In section 1.3 we present the investigation of a population of stars with high-speed, the Galactic hitchhikers. Section 1.4 is the core of my study, we investigate TYC 622-742-1 and TYC 1193-1918-1, two evolved Galactic stars selected from their high speed with respect to the Sun. We will try to understand halo stars that provide explanations of the nature of the first generations of stars and the nucleosynthesis in the metal-poor regime. A paper describing this analysis has been submitted to Astronomische Nachrichten.

High speed stars

The classical view of the Galaxy being composed of "Halo", "Disc" and "Bulge" (see Freeman & Bland-Hawthorn, 2002, for a review), has undergone a major revision since the publication of the Gaia data. It is now clear that the current structure of the Milky Way has been strongly influenced by many mergers, some of which with fairly massive galaxies (see Sec. 4.2) and that one of the results of these mergers is to mix stars in phase space, so as to make it difficult to understand in which environment a given star was born, although a probability can be assigned to its origin (see e.g. Di Matteo et al., 2019, and references therein). We shall here adopt the halo definition proposed by Di Matteo et al. (2019) as the set of star with total space speed higher than 180 kms -1 .

Stars that belong to the Milky Way halo have large space motions with respect to the Sun, and move faster than their neighbours that belong, like the Sun, to the Galactic disc. High-speed stars provide information about the dynamical processes in the Galaxy. Speed of course depends on the reference system adopted, some of the stars that have a high speed with respect to the Sun, do not have a high speed with respect to the Galactic Center, but some do. The origin of the stars that display a high velocity with respect to the Galactic Center, sometimes in excess of the escape velocity from the Galaxy, remains an open question.

The Gaia-Sausage-Enceladus: a major accretion event

Probably the most exciting result that emerged from the first Gaia data releases is the discovery that the Milky Way underwent a major accretion event in the past (Belokurov et al., 2018;Haywood et al., 2018;Helmi et al., 2018). This structure is clearly visible in phase space and is characterised by a metal-poor population (see Fig. 4.1). This phasespace structure is dubbed in different ways in the literature, I shall here refer to it as Gaia-Sausage-Enceladus (GSE) as suggested by Di Matteo et al. (2020). The accreted galaxy had a mass of 2-5 ×10 9 M ⊙ and the event occurred between 9 to 11 Gyr ago (Di Matteo et al., 2019). Such an accretion event is inconsistent with the general predictions of cosmological simulations (Walker et al., 1996;Bullock & Johnston, 2005). One important consequence of the accretion event, predicted by theoretical simulations (Jean-Baptiste et al., 2017), is the heating of the Galactic disc. The collision pushed some stars from the disc to orbits which are slowly rotating or even retrograde, orbits that were traditionally identified as "halo", some stars remain on disc orbits, albeit with a larger vertical spread, traditionally identified as "thick disc". There is therefore a superposition of the stars originally present in the disc of the early Milky Way, and the accreted stars. The chemical signatures may be a way to disentangle the different populations, however in many respects the accreted and "in situ" population seem to overlap also in chemical spaces. This topic is work in progress. It is relevant here to mention the existence of the GSE structure, since one of the questions that will be posed in Sect.4.4 is whether the investigated stars belong to the GSE.

High-speed stars: Galactic hitchhikers

In the paper Caffau et al. (2020), we investigated a population with extreme transverse velocity with respect to the Sun. Since it has been known for a long time that stars that have high speed with respect to the Sun are metal-poor (Roman, 1950), we expected to find also some extremely metal-poor stars in this sample. Targets were selected with a heliocentric transverse velocity greater than 500 kms -1 and G magnitude in the range 14.0-14.5. Low resolution spectra R ∼ 2800 were acquired with FORS at the ESO 8.2 m VLT telescope for 72 targets. Effective temperature and surface gravity were derived by interpolating in PARSEC isochrones (Bressan et al., 2012) and metallicity and chemical abundances for Mg, Ca Ti, Ni, Sr and Ba were derived using MyGIsFOS (Sbordone et al., 2014). Abundances for C were derived by profile fitting of the G-band (CH at 434 nm, see an example in Fig. 5.2) and of N by profile fitting of the CN 388 nm band. The metallicities are not extreme and are in the interval -2.6 ≤ [Fe/H] ≤ -0.9 with a marked peak around -1.5. The chemical pattern is very homogeneous and in line with that of halo stars in the same metallicity range and also with stars of Galactic Globular Clusters. One remarkable finding is that the position of some stars in the colour-magnitude diagram implies that they are younger than expected for halo stars (age ≥ 11Gyr), both in the case of subgiant stars (showing ages of 8 Gyr or less) and giant stars (30 % older than 10 Gyr and 70 % younger than 10 Gyr), as shown in Fig. 4.2. The younger ages in both cases may be indicative of evolved blue stragglers, however the existence of a young metalpoor population cannot be excluded. High-resolution observations of subgiant stars will be obtained with UVES at the VLT telescope in ESO period 108, in order to settle the issue by measuring the Li abundances. Metal-poor stars should have a Li abundance on the Spite plateau, A(Li)∼ 2.2, while Blue stragglers should have A(Li)≤ 1.0 (Glebbeek et al., 2010).

The kinematic study confirms that all these stars have very eccentric orbits and form part of the extreme halo populations. More than half of the stars are on retrograde orbits as shown in Fig. 4.3. Five stars are formally unbound, but they could be bound within errors, in any case these are clearly hypervelocity stars. The issue whether these are stars coming from external galaxies that are visiting the Milky Way or they are Milky Way stars that have acquired this high energy by one of the acceleration mechanisms proposed for hypervelocity stars is still open. We dubbed these stars as "Galactic hitchhikers"1 , since both if they are coming from an external galaxy, or if they have been accelerated in the Milky Way, they "hitched a ride" that brought them far away from their birth place. 

Detailed investigation of two high-speed evolved Galactic stars

TYC 622-742-1 and TYC 1193-1918-1 have been selected from the Gaia DR2 catalogue requiring G < 11 and total speed > 500 kms -1 . These stars are evolved and are located in the Galactic halo although they do not show an extreme kinematics with respect to the Galactic Center (see Sec. 4.4.7). The focus of the study was to perform a detailed chemical analysis to detect any chemical peculiarity of these stars and to derive the kinematic properties, to understand their origin. Chemical analysis of stars born in the early stages of the Milky Way provides evidence for the formation of stars and galaxy accretion. Moreover the spectroscopy could shed light on the origin of these stars.

Observations

The observation of these two stars was performed on September 13 th 2019 by P. Franc ¸ois, with the High Dispersion Spectrograph (HDS) installed on the Subaru telescope a top Mauna Kea volcano in Hawaii (Noguchi et al. , 2002). These targets were bright back-up targets and were observed because the weather conditions were poor. The exposure time was 600 s for both stars. Whereas for TYC 622-742-1 (Vmag=11.54) the S/N is 200 in the range of 408-689 nm, for TYC 1193-1918-1 (Vmag=10.70) the S/N is 250. The wavelength coverage goes from 408.4 nm to 689.2 nm. A binning 2 × 2 has been adopted leading to a resolving power of about 40000.

Radial velocity measurement

Radial velocity

The radial velocity, v rad , was derived using the method of template-matching (Koposov et al., 2011;Caffau et al., 2020). As a cross-check we also measured the radial velocities using cross correlation (Tonry & Davis, 1979), with the same template used for templatematching.

1. The observed spectrum is normalised using a spline with interactively chosen continuum points (Bonifacio, 1989) and the wavelength scale corrected for the barycentric velocity.

2. For each star a synthetic spectrum is computed with SYNTHE (Kurucz, 2005), by using an ATLAS 9 (Kurucz, 2005(Kurucz, , 2017) model.

3. The template matching is a χ 2 minimisation of observed and synthetic spectrum with the radial velocity as only fitting parameter.

4. Both observed spectrum and template are rebinned in ln(λ) space and the cross correlation function is computed in Fourier space (see Fig,4.4 and Fig. 4.5).

5. The radial velocity is measured by fitting a gaussian to the peak of the crosscorrelation function and the error is estimated as described in Tonry & Davis (1979).

As expected the two methods provide measurements that are consistent, within their error estimates. We decided to adopt the radial velocities from template matching, since the estimated error is smaller. We found v rad of -115.09 ± 1.09 kms -1 for TYC 622-742-1 and -365.19 ± 0.89 kms -1 for TYC 1193-1918-1. Considering the uncertainties, there is also a good agreement with the Gaia DR2 radial velocities, so the stars are probably not radial velocity variables. Star v rad derived our analysis v rad Gaia EDR3 kms 

Atmospheric parameters Parallax

We use the parallax to determine the surface gravity of the stars. The Gaia EDR3 catalogue provides the parallax (Table 4.2) and the photometry that allowed us to derive the stellar parameters. We use parallax, provided in units of milliarcsecs (mas) in the catalogue and apparent magnitude G to calculate the absolute magnitude G:

G absolute = G + 5 + 5 × log 10 parallax 1000
The parallaxes in the Gaia catalogue suffer from several systematic effects, due both to instrumental effects and to the adopted data processing chain (Lindegren et al., 2021) related to instrumental effects. It has been shown that one instrumental effect is the variation of the angle between the two primary mirrors of Gaia (the "basic angle") (Butkevich et al., 2017), which is degenerate with the parallax solution, so that a fully internal calibration of absolute parallaxes and basic angle variations is impossible. Since Gaia DR2 these effects have been investigated providing "zero point corrections" to be applied to the parallaxes in the catalogue to compensate these effects (Lindegren et al., 2018;Arenou et al., 2018). The technique is to compare the Gaia parallax to that known by some other means. For example Quasi-Stellar Objects (QSOs) are so distant that their parallax must be zero, if Gaia provides non-zero values for these sources it is due to the above-mentioned instrumental effects. Also star clusters can be used to determine the zero point, since their distances are known from their colour-magnitude diagrams, independent of parallaxes. Of course comparison to catalogues providing different distances for the clusters will result in a different estimate of the zero-point. With Gaia EDR3 Lindegren et al. ( 2021) provided a functional form to determine the zero-point, depending on observed parameters for each star and also a python code2 to perform the computation of the zero-point. We used the Gaia EDR3 data in my analysis, so I used for both stars of my sample, TYC 622-742-1 and TYC 1193-1918-1, this python code and in Table 4.2 the parallax and the zero-point we derived are shown. To derive the surface gravity we subtracted the computed zero-point:

parallax zero point corrected = parallax -zero point
We investigated what happens when adding/subtracting the uncertainty to the parallax, with and without the zero-point applied. The star TYC 622-742-1 undergoes changes in the derived surface gravity, while the TYC 1193-1918-1 star is practically unaffected. The uncertainty of surface gravity is not symmetric (see Table 4.3 and4 
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Reddening

The radiation coming from an astronomical source suffers from extinction due to the material between the source and the observer. For our observations of Galactic stars this is mainly due to the dust present in the Galactic disc, in which we are immersed. The extinction has a strong wavelength dependence, short wavelengths suffer larger extinction than longer wavelengths. This implies that the colour of an object is observed to be redder than it was at the source. In our study we employed the reddening law of Fitzpatrick et al. (2019) assuming the total-to-selective extinction ratio A V /E(B -V) = 3.1, that is the mean Milky Way value. We computed the reddening for the Gaia EDR3 photometry3 by using the maps by Schlafly & Finkbeiner (2011) 4 . For any photometric band the effect of reddening depends on the spectral energy distribution of the source. In absence of extinction the magnitude of a source, e.g. in the Gaia G band, is defined as:

G 0 = -2.5 log         ∞ 0 λ f λ S λ dλ ∞ 0 λS λ dλ         + G Vega
where f λ is the energy distribution from the source, S λ is the response function of the G filter (see e.g Bonifacio et al., 2017, and references therein). In presence of interstellar extinction, characterised by a law k λ , equation 4.4.3 becomes

G = -2.5 log         ∞ 0 λ f λ S λ k λ dλ ∞ 0 λS λ dλ         + G Vega hence the extinction in the G band is A G = G -G 0 .
Since a priori f λ is unknown, the determination of the reddening is linked to the determination of the stellar parameters we therefore used an iterative procedure (see Sect. 4.4.3), starting from the Gaia EDR3 colours and parallax, the adopted E(B-V) and an initial guess of T eff , log g and metallicity of the star we determine the ratios A G /A V and E(G BP -G BP )/A V using the Fitzpatrick et al. (2019) reddening law and the theoretical fluxes computed from a grid of ATLAS 9 models (Mucciarelli et al. in preparation). These values were updated at each step of the iteration with the current values of T eff , log g and metalllicity. The values of the absolute dereddened G magnitude, G 0 abs and G BP -G RP colour are given in Table 4 Schlafly & Finkbeiner (2011) and the corrections derived from our iterative procedure.

Adopted parameters

In the procedure to find the reddening, at each step we determine T eff from the theoretical (G BP -G RP ) colours (interpolated for the assumed metallicity and current value of log g) and log g from the Stefan-Boltzman equation.

log 10 g = log 10 (mass)

+ 4 • log 10 T 5777 + 0.4 • (G 0 + BC G ) + 2 • log 10 (p) + 0.11 + 4.4377
where T is the star's effective temperature, BC G is the bolometric correction for the Gaia G band, obtained by interpolation in the theoretical tables at each step. We assume the mass to be 0.8M ⊙ for both stars, a typical value for an old giant, as deduced from theoretical isochrones. Adopting a mass of 0.7M ⊙ , would decrease the log g by about 0.06 dex. We iterated the procedure until the variation in T eff is less than 50 K and that in log g is less than 0.01 dex. With these dereddened colours I also use the calibration of Mucciarelli et al. (2021), based on the Infrared Flux Methods temperatures of González Hernández & Bonifacio (2009) to determine a new value of T eff and the associated log g via equation 4.4.3. Finally with the dereddened colours we determined a new set of stellar parameters by interpolating in PARSEC (Bressan et al., 2012) isochrones in the colour-magnitude plane. Once the spectroscopic metallicity was derived with MyGIsFOS using these parameters the whole procedure was iterated with a new spectroscopic metallicity from My-GIsFOS was available, was iterated until T eff changed by less than 5 K. As a by-product by using isochrones we also obtained an estimate of the ages of the stars. The adopted parameters are those that come from the theoretical colours and are. * TYC 622-742-1:

T eff = 4233 K, log g = 0.71, [Fe/H] = -2.37, ξ = 2.00 kms -1 * TYC 1193-1918-1: T eff = 4612 K, log g = 1.67. [Fe/H] = -1.60, ξ = 1.52 kms -1
As a sanity check we can look also at the parameters obtained in different ways ♦ MyGIsFOS spectrum analysis with all stellar parameters free: * TYC 622-742-1:

T eff = 4187± 30 K, log g = 0.20± 0.06, ξ = 1.96± kms -1 * TYC 1193-1918-1: T eff = 4650±30 K, log g = 1.59±0.05 , ξ = 1.56± 0.03 kms -1
Fig. 4.6 shows isochrones, brown for TYC 622-742-1 and green for TYC 1193-1918-1, by using metallicity of -1.5 and -1.0 for TYC 622-742-1 and TYC 1193-1918-1 respectively, and an age of 12 Gyr for both stars.

In all the cases, the agreement with the adopted parameters is excellent, except for log g from MyGIsFOS for TYC 622-742-1. Looking at the differences between the adopted effective temperature and the other methods, we decided to adopt a temperature uncertainty of ∆T = 100 K. One can see that the surface gravity for TYC 622-742-1 is about 0.5 dex lower than the adopted value. This value of log g = 0.20 corresponds to an agreement in A(Fe) when derived from neutral and single ionised iron lines. This implies that with the adopted log g value we have a iron unbalance, see table 4.4.3. In fact, the problem is almost completely solved when taking into account NLTE effects. As exercise, we checked if a different mass adopted would allow to derive a log g consistent with the value derived by MyGIsFOS and able to provide an iron ionisation balance. According to the PARSEC isochrones, a mass of about 0.3 M⊙ must be adopted. This value is not consistent with any possible evolution state of this star. Only a very cold main-sequence star or a white dwarf star could have this mass value. But the photometry and parallax of this star compared to the isochrones show that this star is an envolved star and is located in the asymptotic giant branch (AGB) or red-giant branch (RGB). A mass value of 0.8 M⊙ is most consistent for the star TYC 622-742-1. Anyway, we already discussed in Sec. 5.3.3 that the tension between the assumed and the spectroscopic log g is, at least partially related to NLTE effects on Fe i lines. We adopt an uncertainty of 0.2 dex for the surface gravity for both stars. 
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Microturbulence velocity, ξ

We investigated different techniques to determine the ξ.

The ξ is based on the requirements that the lines of Fe i with different equivalent widths must yield equal abundances. ξ from Mashonkina et al. (2017) I derived the microturbulence by using the calibration by Monaco et al. (2005):

ξ = -0.35 • log g + 2.29
The study of Monaco et al. (2005) focuses on the dominant population of the Sagittarius galaxy (Sgr). TYC 1193-1918-1 star of our sample has a metallicity comparable with the Sgr sample by Monaco et al. (2005), while the other star is about 0.5 dex more metal-poor. From this calibration I derived: * TYC 622-742-1:

ξ = 2.04 ± 0.07 kms -1 * TYC 1193-1918-1: ξ = 1.71 ± 0.01 kms -1
The calibration of microturbulence from Dutra-Ferreira et al. ( 2016) based on 3D model atmospheres, establishes an empirical relation of ξ as a function of T eff and log g. It displays for a limited set of stellar parameters a relation reflecting 3D model predictions with a selected sample of lines. This calibration of the microturbulence tries to overcome the limitations of the 1D model, the ξ is obtained by uncorrelating the abundances and EW of a set of lines.

ξ = 0.998 + 3.16 • 10 -4 • X -0.253 • Y -2.86 • 10 -4 • X • Y + 0.165 • Y 2
Where X = T eff -5500 and Y = log g -4.0. In this way, we obtain for the two star a ξ of: * TYC 622-742-1:

ξ = 1.94 kms -1 * TYC 1193-1918-1: ξ = 1.51 kms -1
MyGIsFOS is able to derive the ξ by equalising the Fe abundance derived from selected, cleaned Fe i lines of different strength. For this purpose, MyGIsFOS is employed using T eff and log g as described in Sec. 4.4.3 but the ξ parameter is left free. * TYC 622-742-1:

ξ = 2.02 ± 0.06 kms -1 * TYC 1193-1918-1: ξ = 1.52 ± 0.03 kms -1
The two calibrations with method 1D, Mashonkina et al. (2017) and Monaco et al. (2005), provide ξ in close agreement, and also compatible with the values provided by MyGIsFOS. In the case of TYC 622-742-1 all the values are very close, while in the case of TYC 1193-1918-1 the value derived by MyGIsFOS is about 0.20 kms -1 smaller than the value derived from the calibrations. When we employed the 3D method, Dutra-Ferreira et al. (2016), we see a good agreement, especially in the case of TYC 1193-1918-1. We can conclude all the ξ derived by the different methods are in agreement.

We adopt the ξ value derive by MyGIsFOS because the spectra are of good quality and we have several suitable Fe i lines. The uncertainties provided by MyGIsFOS are just statistic and are 0.05 kms -1 . When comparing the adopted values with the ones derived from calibrations, we can assume an uncertainty of 0.2 kms -1 for the ξ. 

MyGIsFOS

MyGIsFOS is an automatic code (Sbordone et al., 2014) that reproduces the classic procedure to determine detailed chemical abundances. It excels in high resolution analysis and wide spectral coverage. It has been conceived to work on the analysis of cold stars.

MyGIsFOS is based on the Abbo code (Bonifacio & Caffau, 2003) and fits each chosen feature by interpolating in a grid of synthetic spectra. It is necessary to provide MyG-IsFOS with the observed spectrum and a set of first approximation parameters. These parameters can be previously calculated in whatever way. MyGIsFOS uses pre-calculated grids containing synthetic spectra. In the analysis of my two stars, the grid we used has: T eff in the range 4000-5200 K with 200 K step; log g from 0.5 to 3.0 with 0.5 dex step; metallicity from -3.0 to -0.5 with 0.5 dex step; micro-turbulence of 1, 2 and 3 kms -1 ; the enhancement in α-elements of -0.4, 0.0 and +0.4.

The wavelength ranges to be fitted are provided as input to MyGIsFOS as well as a list of ranges that are used to compute a pseudo-normalisation. The observed spectrum and the synthetic profiles are then pseudo-normalised by using these selected ranges in wavelength. In each of these ranges the S/N is computed. The solar values are taken from Caffau et al. (2011) for some elements (C, N, O, Fe and Eu) and from Lodders et al. (2009) for the rest of the elements.

For a sanity check, we verified all the analysis provided by MyGIsFOS. This control is to ensure that no problem occurs. It is important to verify that the regions of the continuum are correctly selected, with no telluric or lines inside. Continuous zones are often taken next to lines to be fitted, in order to provide better fits. I used the idl tool squid done by Luca Sbordone to visualise the best fits and continuum regions. In ). The green refers to α elements and red colours refers the others elements. However, at the bottom of the coloured box framing the line there is the number and ionisation of the element. When the line is crossed out with grey diagonal lines, it indicates that the line has been rejected and is not considered in the analysis. The observed spectrum is always represented in black, while the interpolated synthetic spectrum with the final parameters is represented by a chosen colour, green the case of Fig. 4.7 and Fig. 4.8 and red in Fig. 4.9. When inspecting the spectrum, one can verify that the correct choice of broadering has been made by verifying the agreement of the width of the theoretical spectrum with the observed one. The chosen radial velocity can be checked as well by looking at the top of each feature if the horizontal pink lines, continuous and dashed, coincide. These lines are tuned to the centre of the observed and the synthetic spectrum. 

Chemical notation

For each element X, the abundance is represented by

A (X) = log N(X) N(H) + 12
with N(X) the number of lines of the element X and N(H) the number of atoms of hydrogen. The normalized abundance ratio [X/H] is the difference between the abundance (in the logarithmic scale) of the element X and the solar abundances for the same element X:

[X/H] = A(X) -A(X) ⊙
Very often, we use the abundance derived from Fe i lines as a reference in the abundance of neutral element determination because there is a fairly large numbers of Fe i lines in the stellar spectra of late type stars. For ionised elements, A(Fe) from Fe ii is adopted as the reference. The ratio for each element X in reference of iron is the difference between the ratio for each element X respect to the hydrogen less the ratio of the iron respect the hydrogen:

[X/Fe] = [X/H] -[Fe/H]

Estimation of the errors

In our study, the line-to-line scatter for each element X is provided by MyGIsFOS and is based on the root mean squared deviation using the abundance derived from each line of the X element:

σ = N i=1 (A(X) i -⟨A(X)⟩) 2 N -1
with N the number of lines, A(X) i is the i-th value and ⟨A(X)⟩) the average value. When only a single line could be analysed, I adopted as uncertainty the largest line-to-line scatter value in the sample of the analysed elements.

Abundance of the different elements

We investigate high-quality spectra of two stars with extreme kinematic and compare their chemical pattern to literature analysis. We could derive abundances for 28 elements (C, N, O, Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Y, Zr, Ba, La, Ce, Pr, Nd, Sm, Eu), and abundance from two ionisation states in the case of four elements (Ti, Cr, Fe and Zr). A summary of the abundances derived is shown in Fig. 4.12.

To derive C and N abundances I fitted the molecular bands: for C the G-band formed by CH lines around 428 nm and for N the CN band at 418 nm. For the star TYC 1193-1918-1 I could also derive the C isotopic ratio: 12 C/ 13 C = 4.91 +6.5 -1.9 . The isotopic ratio is derived from the two CH lines at 423.14 nm. In the case of TYC 622-742-1, in Fig. 4.10 the wavelength range of the G-band is compared to theoretical synthesis and in Fig. 4.11 the CN band. The abundances of the other elements up to zinc have been derived by MyGIsFOS. In the case of the abundance determination of neutron capture elements (Sr ii, Y ii, Zr i, Zr ii, Ba ii, La ii, Ce ii, Pr ii, Nd ii, Sm ii and Eu ii) we fitted the profile of the lines. The study is based on the computation of the synthetic spectra with Turbospectrum (Alvarez & Plez, 1998) by employing ATLAS 12 models estimated with the parameters derived for each star. The two stars are similar in the chemical pattern with respect to Fe, both stars are metal-poor evolved stars, as also highlighted by the comparison with the literature samples. Moreover, these stars are enhanced in α elements, which are characteristic of metal-poor stars (Spite et al., 2012). They show a shortage of Y and a slight surplus of Eu, this effect is also apparent in other samples of stars (Ishigaki et al., 2012;Fulbright, 2000). TYC 622-742-1 star presents slight increase also in Zr, Pr, Nd and Sm.

We selected some elements to compare to a larger sample of stars in the literature by searching in the SAGA database.

♦ Pr: Four Pr ii features are used to derive A(Pr ii) of -0.95 ± 0.08 and -0.62 ± 0.06 for the two stars, which provides [Pr ii/Fe ii] of 0.46 and 0.11, for TYC 622-742-1 and TYC 1193-1918-1 respectively. Where ⟨[Pr ii/Fe ii]⟩ = 0.28 ± 0.25 dex. As the samples chosen in the literature for comparison do not show this element we decided to look at the SAGA database (Suda et al., 2008). A comparison of the panels in Fig. 4.13 shows that the TYC 1193-1918-1 star is among the MP stars with the lowest ratio of [Pr ii/Fe] while TYC 622-742-1 is in good agreement with the other stars. ♦ Zr: Zr abundance was derived from neutral and single ionised lines for both stars. We investigated the 473.9 nm Zr i line in the case of both star of our sample. This provide A(Zr i) = 0.60 ± 0.16 for TYC 622-742-1 and A(Zr i) = 1.00 ± 0.14 for TYC 1193-1918-1, the mean value is ⟨[Zr i/Fe]⟩ = 0.21 ± 0.27 dex. When we compare the abundances with the evolved stars from Ishigaki et al. (2013, light blue dots in Fig. 4.15), we can see that the TYC 622-742-1 star present a slightly high value when derived from neutral species and TYC 1193-1918-1 is in very good agreement with this sample. The derives abundances from ionized lines are in very good accord with the SAGA database (see Fig. 4.15). In the analysis of the ionised state for both stars we employed three lines (420.9, 461.4 and 511.2 nm).

The [Zr ii/Fe ii] ratios when using Zr ii lines are positive for both stars, very close to zero and with a small scatter for both stars, ⟨[Zr ii/Fe ii]⟩ = 0.07 ± 0.01 dex. In particular, we derive [Zr ii/Fe ii] = +0.08±0.17 dex [Zr ii/Fe ii] = +0.07±0.16 dex. For both stars A(Zr) derived from neutral and ionised lines are in agreement within the uncertainties. 4.4.7 Kinematics and orbital properties of our two high-speed evolved Galactic stars

We used Galpy code 5 together with the MWPotential14 potential described by Bovy (2015) to derive the orbital parameters. The potential used consists of a bulge modeled as a power-law density profile that is exponentially cut-off (PowerSphericalPotentialwCutoff) with a power-law exponent of -1.8 and a cut-off radius of 1.9 kpc; a disc (Miyamo-toNagaiPotential); and a dark-matter halo (described by an NFWPotential. In the analysis we employed the Gaia eDR3 coordinates, proper motions and zero-point corrected parallax, the radial velocities we measured and a solar distance from the galactic centre of 8 kpc. Schönrich et al. (2010) provides the solar movements and Bonifacio et al. (2021) supplies the uncertainties on the quantities. The pyia code6 (Price-Whelan, 2018) allows to derive one thousand extraction of the six Galpy input parameters from a multivariate Gaussian, considering the errors on the parameters and their correlation coefficients in the construction of the covariance matrix. Galpy takes an orbit integration for each realisation and the uncertainties are the standard deviations of the calculated orbital parameters.

The orbital and kinematical parameters of TYC 622-742-1 and TYC 1193-1918-1 are typical of halo stars. Nevertheless, their kinematics reveal that they are not part of the Gaia-Sausage-Enceladus (GSE) structure. TYC 622-742-1 has V T and L Z relatively similar to GSE stars, but a significantly lower value of Bonifacio et al., 2021, and references there in). On the other side one star (TYC 1193-1918-1) is compatible to be part of the Sequoia structure (see Fig. 4.17), while TYC 622-742-1 is not compatible due to the the actions (see 4.18) so probably TYC 622-742-1 is born in the Galaxy.

√ J R ( √ J R > 30 for GSE stars, see
Both stars are notable for their high energy. They are retrograde and we have to emphasise their extreme and highly elliptical orbits, namely, e = 0.32 for TYC 622-742-1 and e = 0.70 for TYC 1193-1918-1. In Fig. 4.19 the orbit of the two stars (TYC 622-742-1 in blue and TYC 1193-1918-1 in orange) are shown.

The choice of using a different code with respect to the kinematic investigation done for the stars in Chapter 3 was simply do to the fact that we are new in the kinematical investigations and we tried this second code because we had the impression to be able to derive more informations in an easier way. Anyway, for the two stars here investigated we verified that the results derived from the two codes are well consistent. 

INTRODUCTION

The old, metal-poor stellar population provides us information about the Universe in its infancy. In fact, the majority of metal-poor stars have an age comparable to the age of the Universe (see e.g., Cayrel et al. 2001), so their chemical pattern reflects the chemical composition of the primordial Universe. These stars were born at a time when just one/few generations of massive stars had a chance to explode as supernovae and enrich the interstellar gas from where they formed. Metal-poor stars are rare, overall in the solar vicinity, meaning the part of the Galaxy accessible for high-resolution and high signal-to-noise spectroscopy.

In the recent years, two methods have mainly been used to select metal-poor candidates: (i) from low-resolution spectroscopy (see e.g., Christlieb et al. 2004); (ii) from narrow-band photometry (see e.g., Caffau et al. 2020b). Broad-band photometry (iii) also allowed to select metal-poor candidates, albeit with a lower success rate (Schlaufman & Casey 2014).

(i) Several low-resolution spectroscopic surveys collected large numbers of spectra from where metallicity and sometimes abundances for other elements could be derived. We here recall some very efficient surveys that allowed to find extremely metal-poor stars.

1.

A list of weak-metal stars is provided by Bidelman & MacConnell (1973, see their table V) from their objective prism survey. 2. The Bond survey (Bond 1970) was based on objective prism observations at depth of B ∼ 10 -10.5 when the telescope used was at the University of Michigan, becoming B ∼ 11.5 when the telescope was moved at Cerro Tololo in 1976. The result of this survey was presented in Bond (1980). 3. The HK Survey (Beers et al. 1985) observed with objective prism stars in a way to collect a kinematically unbiased sample of metal-poor stars. This survey allowed to discover the extremely metal-poor binary system CS 22876-032 (see Beers et al. 1985); the extremely metal-poor star CS 31082-001 with Th and U detectable (see Cayrel et al. 2001); to collect the stellar sample of metal-poor stars observed in the ESO large program "First Stars" (Cayrel et al. 2004) and usually used as the reference metal-poor sample. 4. The Hamburg-ESO survey [START_REF] Christlieb | The First Stars[END_REF]Christlieb et al. 2008), conceived to discover quasars, allowed to find out a large number of metal-poor stars (see e.g., Christlieb et al. 2002). 5. The Sloan Digital Sky Survey (SDSS York et al. 2000) in the latest 20 years provided low-resolution spectra for a large number of metal-poor candidates, whose low metallicity has been confirmed at high-resolution investigation (see e.g. Aguado et al. 2018;Matsuno et al. 2017). In this context, the Turn-Off Primordial Stars project selected from the SDSS spectral database, the stars with turn off colors, and analyzed the spectra with an independent pipeline (see Caffau et al. 2013).

Several extremely metal-poor stars have been discovered in this project (see Bonifacio et al. 2015;Bonifacio et al. 2018;Caffau et al. 2016). 6. The Large Sky Area Multi-Object fiber Spectroscopic Telescope (Cui et al. 2012) provided a large amount of stellar spectra that allowed to discover (see e.g., Li et al. 2015a;Li et al. 2018) and then also confirm with a high-resolution follow-up (see Li et al. 2015b), many metal-poor stars. 7. The Radial Velocity Experiment (Steinmetz et al. 2006) allowed to select a large sample of metal-poor stars (see e.g., Matijevič et al. 2017).

(ii) The narrow-band photometry allows to observe a much larger number of stars with respect to the lowresolution spectroscopic surveys, but an efficient calibration is necessary in order to select interesting candidates.

1. The SkyMapper Telescope (Keller et al. 2007) and Wide-field Infrared Survey Explorer (WISE) to select metal-poor candidates and confirmed by follow-up spectroscopy that 3.8% of the candidates had [Fe∕H] ≲ -3.

Metal-poor stars have long been known, before surveys provided us with large numbers of low-resolution spectra and narrow-band photometry were available. Seventy years ago, Chamberlain & Aller (1951) analyzed two stars (HD 19445 and HD 140283), nowadays denoted as the prototype of metal-poor stars. From the weak lines in their spectra, Chamberlain & Aller (1951) adopted a model of an F-type sub-dwarf to investigate them and claim a low abundance of Ca and Fe. Schwarzschild & Schwarzschild (1950) divided a sample of nine F stars in high-and low-velocity, and in their Figure 4 one can see that the high-velocity stars show generally smaller strength on the Fe i lines. Roman (1950) realized that stars of the same spectral type can have spectral lines of different strength. Dividing the stars in two groups, according to the strength of the spectral lines, she investigated the stellar velocity, concluding that the star with weak metallic lines have larger velocities and a larger dispersion in velocity. In Roman (1955), a catalog of high-speed stars is provided, and the two metal-poor prototype stars by Chamberlain & Aller (1951) are in. This suggests that selecting the high-velocity stars is a way to select metal-poor stars. In fact, stars that show a high velocity with respect to the Sun surely have an orbit widely different from the solar one so these stars cannot belong to the Galactic disk but, if bound, these are Halo stars. The stars indicated as "high proper-motion" or "high-velocity" star have kinematic noncompatible with the Galactic disk. This is not obviously translated in extreme kinematic with respect to the center of the Galaxy.

Thanks to the Gaia mission data (Gaia Collaboration et al. 2016), for a large number of stars it is presently possible to derive accurate kinematical and orbital parameters. Gaia catalogs also allow us to select stars with specific kinematics. In Caffau et al. (2020a), we selected a sample of high-speed stars to be observed at low-resolution. We derived chemical abundances for a few elements and deduced that the selected stars are mainly Halo stars, with a very homogeneous chemistry. From low-resolution spectroscopy, determination of the chemical pattern is very limited. We then decided to take the advantage of the Subaru large telescope to secure high-quality spectra for two bright stars characterized by high speed with respect to the Sun.

We here investigate the detailed chemical pattern of these two stars to see if they show any peculiarity.

TARGET SELECTION AND OBSERVATIONS

The two targets were part of a set of bright stars we selected as backup for our observing run at Subaru. The selection criterion was based on Gaia DR2 requiring G < 11 and total speed with respect to the Sun > 500 km s -1 . The observations were carried out on September 13th 2019 with the High Dispersion Spectrograph installed on the Subaru telescope atop the Mauna Kea volcano in Hawaii (Noguchi et al. 2002). The bad weather conditions did not permit to perform the main program on faint targets. Instead, the two stars analyzed in this article were selected in the list of the backup program. The wavelength coverage goes from 408.4 to 689.2 nm. A binning 2 × 2 has been adopted leading to a resolving power of about 40,000. The log of the observations is given in Table 1. Standard data reduction procedures were carried out with the Image Reduction and Analysis Facility (IRAF) Echelle package.

1

To show the quality of the spectra, in Figure 1, the range of the 664 nm Eu ii line is plotted.

ANALYSIS

Radial velocity and kinematics

The Gaia EDR3 data are listed in Table 2. The radial velocity is measured finding the maximum of the cross-correlation function (Tonry & Davis 1979). As the template, we employed a synthetic spectrum with the stellar parameters adopted for each star. the radial velocity of the two stars and their statistical uncertainties that reflects the S/N ratio of the spectrum. We report a radial velocity of -115.1 ± 1.1 km s -1 for TYC 622-742-1 and -365.2 ± 0.9 km s -1 for TYC 1193-1918-1 (see Table 3). The statistical error in the radial velocity determination is ∼1.0 km s -1 . For the two stars Gaia DR2 provide a radial velocity of -114.0 ± 0.4 for TYC 622-742-1 and -364.3 ± 0.3 for TYC 1193-1918-1 (see Gaia Collaboration et al. 2018). The radial velocities we derive are compatible, within uncertainties, with the values provided by Gaia DR2. We derived the zero-point for the parallax as described in Lindegren et al. (2021). The parallax corrected for the zero-point has been used to derive the stellar and orbital parameters.

TA B L E 3 Radial velocities

Star V r 𝝈V r TYC km s -1 km s -1 TYC 622-742-1 -115.1 1.1 TYC 1193-1918-1 -365.2 0.9
The orbital parameters have been derived using the Galpy code

2 together with the MWPotential14 potential (Bovy 2015). We used the Gaia EDR3 coordinates, proper motions, and zero-point corrected parallax and the radial velocities we measured. We adopted the solar motions of Schönrich et al. (2010) and the solar distance from the galactic center of 8 kpc. In order to estimate the uncertainties on the derived quantities, we followed the same approach of Bonifacio et al. (2021). In particular, we used the pyia code3 (Price-Whelan 2018) to perform one thousand extractions of the six Galpy input parameters from a multivariate Gaussian, which takes into account both the errors on the parameters and their correlation coefficients in the construction of the covariance matrix. For each realization, an orbit integration is then performed using Galpy. We adopted as uncertainties, the standard deviations of the calculated orbital parameters (see Table 4).

Stellar parameters

We derived the stellar parameters from the photometry and parallax of the Gaia EDR3 Finkbeiner (2011). The parallax, after application of the zero-point, allowed us to derive the absolute G magnitude and then to derive the surface gravity by using the Stefan-Boltzmann equation. 4 We adopted for both stars a mass of 0.8 M ⊙ (see Bonifacio et al. 2019), a typical value for old stars now on the red giant branch (RGB). A change in the initial mass would affect the stellar parameters but well within the uncertainties: ±0.1 M ⊙ difference provides a change within about 10 K in effective temperature (T eff ) and 0.05 dex in the surface gravity (log g). By comparing (G BP -G RP ) 0 to the theoretical color, we could derive the effective temperature. We assumed a metallicity [Fe/H] = -1.0 for the first guess parameters.

The process provides us with initial values for stellar parameters. These initial parameters have been assigned as input to the pipeline MyGIsFOS (Sbordone et al. 2014, see Section 3.3 for explanations) to derive the stellar metallicity. The metallicity provided by MyGIsFOS was used to derive new stellar parameters. The process was iterated up to when the variation in effective temperature and surface gravity were negligible (less than a few K for T eff and below 0.01 dex for log g). In this way, we derived the final T eff and log g for the two stars that are the adopted stellar parameters, used for the chemical investigation and listed in Table 5.

The uncertainty in the G BP and G RP bands brings a very small variation in T eff . But, as a sanity check, we derived the stellar parameters in other three ways. 4 We use it in the form log g = log(M) + 4 log (T eff ∕5,777) + 0.4 (G + BCG) + 2 log 𝜛 + 0.11 + 4.4377 where M is the mass of the star in units of solar masses, G is the Gaia magnitude of the star, BCG is the bolometric correction in the G band, 𝜛 is the parallax, 5,777 is the effective temperature of the Sun, 4.4377 is log g of the Sun, and 0.11 is a constant linked to the absolute bolometric magnitude of the Sun. See Nissen et al. (1997) for a derivation of this form of the formula.

• We used the calibration of Mucciarelli et al. (2021), based on the Infrared Flux Method temperatures of González Hernández & Bonifacio (2009), and derived T eff about 10 and 100 K hotter for TYC 622-742-1 and TYC 1193-1918-1, respectively.

• We allow MyGIsFOS to derive the stellar parameters (all free) and obtained, for TYC 622-742-1: T eff = 4,187 ± 30 K, log g = 0.20 ± 0.06 (which is a value extrapolated in the grid), 𝜉 = 1.96 ± 0.05 km s -1 , and for TYC 1193-1918-1: T eff = 4,650 ± 30 K, log g = 1.59 ± 0.05, 𝜉 = 1.56 ± 0.03 km s -1 . So an extremely good agreement with the adopted parameters is obtained for both stars.

• The dereddened Gaia DR3 photometry is compared to PAdova and TRieste Stellar Evolution Code (PARSEC) isochrones (Bressan et al. 2012;Marigo et al. 2017, see Figure 2) colored with the Gaia photometry in the color-magnitude diagram (G BP -G RP , G abs ), by using metallicity of -1.5 and -1.0, respectively, for the two stars, and by adopting an age of 12 Gyr. The derived stellar parameters are 4,268 K and 0.71 for TYC 622-742-1 and 4,621 K and 1.75 for TYC 1193-1918-1. For both stars, the agreement with the adopted parameters is excellent.

The uncertainties in parallax are non-negligible for the two stars (see Table 2). We then checked what happens to log g when we add/subtract the uncertainty to the parallax and if we apply or do not apply the zero-point. We derived changes of about 0.08 dex in log g.

In a conservative way, we adopt an uncertainty of 100 K for the effective temperature and 0.2 dex for the surface gravity.

For the micro-turbulence, we see two obvious calibrations that could be applied.

• Monaco et al. (2005) derived a calibration for Sgr stars. One of the two stars here investigated, TYC 1193-1918-1, has a metallicity comparable with the Sgr sample by Monaco et al. (2005), while the other is about 0.5 dex more metal-poor. For the two stars, by using this calibration, we derive a micro-turbulence of 2.04 and 1.71 km s -1 , respectively.

• With the calibration provided by Mashonkina et al. (2017), we derive a micro-turbulence of 2.07 and 1.74 km s -1 , respectively, for our stars.

The two calibrations provide micro-turbulence in close agreement, and also compatible with the values provided by MyGIsFOS. MyGIsFOS is able to derive the micro-turbulence by equalizing the Fe abundance derived from selected, cleaned Fe i lines of different strength. Since the spectra are of good quality and we have several suitable Fe i lines, we decided to adopt these values for the microturbulence. In this way we derived a micro-turbulence of 2.00 ± 0.05 km s -1 for TYC 622-742-1 and of 1.52 ± 0.03 km s -1 for TYC 1193-1918-1, values reported in Table 5. In the case of TYC 622-742-1, the value is about 0.20 km s -1 smaller than the value derived by using the calibration by Mashonkina et al. (2017) or by Monaco et al. (2005), while in the case of TYC 1193-1918-1 all the values are very close, within the uncertainty derived by MyGIsFOS.

The uncertainties provided by MyGIsFOS are just statistic, while, comparing the adopted values with the ones derived from calibrations, we can assume an uncertainty of 0.2 km s -1 for the micro-turbulence.

Abundance determination

With the adopted stellar parameters, the observed spectra have been analyzed with MyGIsFOS to derive the metallicity and the detailed chemical abundances. As described by Sbordone et al. (2014), MyGIsFOS is a pipeline that interpolates in a pre-computed grid of synthetic spectra to find the best fit spectrum for each feature analyzed. The grid of synthetic spectra, based on ATLAS 12 models (Kurucz 2005), was computed with SYNTHE (Kurucz 2005). The grid we used has: T eff in the range 4,000-5,200 K with a 200 K step; log g from 0.5 to 3.0 with a 0.5 dex step; metallicity from -3.0 to -0.5 with 0.5 dex step; micro-turbulence of 1, 2 and 3 km s -1 ; the enhancement in 𝛼-elements of -0.4, 0.0 and +0.4. The atomic data for the lines are from the compilation of Heiter et al. ( 2021) (see in Appendix A: Table A1). All the elements up to Zn have been computed by MyGIsFOS. For the heavy elements, the abundances have been derived as well by best-fit but the synthesis is based on Turbospectrum (Alvarez & Plez 1998). The choice is related to the fact that the partition functions in Turbospectrum are more up-dated that the ones in SYNTHE. The use of SYNTHE to derive the abundances of the heavy elements would imply the use of older partition functions. On the one hand the SYNTHE grids are already available and we have invested considerable time to develop these grids (see e.g., Caffau et al. 2021). On the other hand, the use of Turbospectrum to compute complete grids of synthetic spectra would be much more time consuming than with SYNTHE.

The abundances we derived are provided in Table 6. As usual, for each element X, A(X) = log(N(X)/N(H)) + 12, [X∕H] = A(X) -A(X) ⊙ , and [X/Fe] = [X/H]-[Fe/H]. The solar abundances, A(X) ⊙ , here adopted are from Caffau et al. (2011) and Lodders et al. (2009) and are listed in Table 6. In all the figures, we show the LTE abundances, to be able to compare to the results from the literature.

We investigated in the literature for departure from local thermodynamical equilibrium and, when available, for each element, we discussed how the NLTE corrections summarized in Table 7 were derived. The NLTE corrections, sometimes derived from a subsample of lines, were applied to the LTE abundances derived from the complete sample of lines. We verified that the LTE abundance from the subsample of lines was very close to the abundance derived from the complete sample of selected lines.

Iron abundance

Fe i is usually the reference in the abundance determination because there is a fairly large numbers of lines in the stellar spectra of late type stars. Thanks to the good quality of the spectra, for both stars we could investigate with MyGIsFOS a large number of Fe i lines and derive an average A(Fe) with a small line-to-line scatter of the order of 0.1 dex. The average Fe abundances we derived are reported in Table 6. NLTE effects have been extensively studied in the literature (see e.g., Bergemann et al. 2012a;Bergemann et al. 2012b;Korn et al. 2003;Mashonkina et al. 2016), in a large range of stellar parameters and over the entire spectrum from ultraviolet to infrared. It is at the lowest metallicities that NLTE corrections are usually the largest, while, for the same stellar parameters, these effects are usually small in the case of Fe ii lines. Mashonkina et al. (2016) provided the NLTE corrections for a large sample of the Fe i lines. 5 In this database, we searched for the lines used in our analysis. We entered the parameters of each star (T eff , log g and metallicity) and derived the NLTE correction for 94 and 102 lines for TYC 622-742-1 and TYC 1193-1918-1, respectively. The value for the NLTE correction of the Fe i we derive is +0.10 dex for TYC 622-742-1 and +0.06 dex for the star TYC 1193-1918-1 (see Table 7). From these lines, we derived an average LTE A(Fe) of 5.16 and 5.93, respectively, very close to the LTE Fe abundance derived from all the lines. We feel safe to apply these NLTE corrections to the [Fe/H] LTE abundances, and we obtain [Fe/H] of -2.27 and -1.54 for the two stars.

In the case of Fe ii, by looking at the database https://nlte.mpia.de/gui-siuAC_secE.php (Bergemann et al. 2012a;Bergemann et al. 2012b), we see that the NLTE corrections provided are negligible in the case of our two stars. By applying the NLTE correction to our LTE analysis, A(Fe) derived for Fe i and Fe ii lines are in agreement (-2.27 and -2.20 for TYC 622-742-1; -1.54 and -1.49 for TYC 1193-1918-1), so we find a good ionization equilibrium.

Comparison samples

A goal of this investigation was to understand if these stars have peculiarities and the best way to do so is to compare the stars to literature investigations. We decided 

Light elements

Lithium

The Li doublet at 670.7 nm is not detectable: as expected in evolved stars, both stars already destroyed Li in their photosphere (see e.g. Salaris & Weiss 2001).

Carbon

The C abundance was derived from the G-band by line profile fitting, with 𝜒 2 minimization (see Bonifacio & Caffau 2003). With the code SYNTHE (Kurucz 2005), we computed synthetic spectra based on ATLAS 12 models (Kurucz 2005) computed specifically for the two stars. The theoretical synthesis in the wavelength range of the band was computed by using the list of CH molecules provided by Masseron et al. (2014). The C abundances derived for the two stars are listed in Table 6.

In Figure 3, the [C/Fe] ratios we derived are compared to literature results. Both stars have a low [C/Fe] ratio ([C/Fe] of -1.08 and -0.44, respectively), and especially TYC 622-742-1, but, partially, this is expected in stars at these evolutionary stages. One can see from the figure that the low A(C) is common in evolved stars. We are aware that this computation is sensitive to hydrodynamical effects, already investigated for unevolved stars by Gallagher et al. (2016). Although the stars here investigated are evolved, we do not have 3D models with such a low gravity, but negative 3D corrections could be expected.

We derived the isotopic ratio ( 12 C∕ 13 C= 4.91 +6.5 -1.9 ) only for TYC 1193-1918-1 from the two CH lines at 423.14 nm.

The CH lines are too weak in TYC 622-742-1 to allow to derive the isotopic ratio.

Nitrogen

Nitrogen abundances have been derived by fitting the weak CN band at around 418 nm. These weak lines lie in a crowded region, so the abundance determination is challenging. The procedure adopted was the same as for the C abundance determination, with the variance that in the spectral synthesis computation A(C) was fixed at the values derived from the G-band. The N abundances we derived are reported in Table 6. A(N) is very high for TYC 622-742-1 ([N/Fe] = 1.42), and this could be related to the low C abundance for the fact that C has been converted in N. The effect is less dramatic for TYC 1193-1918-1 ([N/Fe] = +0.58), but still visible by the enhancement in N. A(N) determination is very uncertain overall for TYC 622-742-1 that is more metal-poor and we highlighted it in Table 6.

Oxygen

Both forbidden [OI] lines are in the range of the Subaru spectra and they are both strong enough on these evolved stars to be useful for abundance determination. Unfortunately, the line at 630 nm falls in a range polluted by telluric absorptions, so depending on the radial velocity of each star and on the observing time, this line is or is not clear from telluric contamination. We could then analyze this line only for TYC 622-742-1. The O abundances derived, based on both [OI] lines for TYC 622-742-1 and only on the 636 nm line for TYC 1193-1918-1, are listed in Table 6. The forbidden oxygen lines form in conditions close to local thermodynamical equilibrium (see e.g., Sitnova et al. 2013). In Figure 3, the [O/Fe] we derived for the two stars are compared to the analysis by Gratton et al. (2000).

𝜶 elements

Magnesium

To derive A(Mg), the lines at 470. 

Silicon

Several Si i features have been used (12 and 15 in the two stars, see Table 6) to derive the LTE Si abundance. Si i lines are sensitive to NLTE effects and the LTE silicon abundances are usually higher than the NLTE ones and these effects are more pronounced at low metallicity (see Bergemann et al. 2013). We derived the NLTE 6 https://nlte.mpia.de/gui-siuAC_secE.php.

correction provided by Bergemann et al. (2013). We looked for the line studied with MyGIsFOS and present in the database and we obtained small NLTE corrections: an NLTE correction of +0.02 dex for TYC 622-742-1 (see Table 7), from which we derive [Si∕Fe] = 0.39 and an NLTE correction of -0.02 dex for TYC 1193-1918-1, which implies [Si∕Fe] = 0.19. For both stars, the LTE Si abundance derived from the subsample of Si i lines for which an NLTE correction is available is just 0.02 dex higher.

Calcium

Several Ca i lines are available in the wavelength of the Subaru spectra. For the two stars 22 and 28 lines, respectively, are used for the abundance determination and they provide a very low line-to-line scatter (see Table 6). According to Spite et al. (2012), in the case of [Ca∕H] ≥ -2 there is a negative NLTE correction: due to the NLTE effects, the line wings weaken while the line core strength compared to the LTE case. For the stellar parameters of the two stars here analyzed, the NLTE effects significantly affect the Ca i line profiles (see Mashonkina et al. 2016).

We derived the NLTE correction for a subsample of the Ca i lines (from which we derived an LTE A[Ca] 0.03 and 0.02 dex higher than from the complete sample, respectively) here analyzed from Mashonkina et al. ( 2016) (using the same method described in Section 3.4): 0.14 dex for TYC 622-742-1 and 0.05 dex for TYC 1193-1918-1 (see Table 7). These NLTE corrections provide for the [Ca/Fe] ratio the values 0.44 and 0.43, for the two stars, respectively.

In Figure 4 

Titanium

Ti abundance was derived from neutral and single ionized lines for both stars. The [Ti/Fe] ratios when using Ti i lines are positive for both stars: 0.27 and 0.28, respectively. These values are consistent with the [Ti/Fe] ratios derived when the abundances are from the Ti ii and Fe ii lines: 0.36 and 0.39, respectively. The difference between Ti abundance when derived from neutral and ionized lines is non-negligible (0.27 and 0.22 dex). These differences are also due to NLTE effects, which are strong in the case on Ti i lines (see Mashonkina et al. 2016). The NLTE effects for Ti i are more significant than for Fe i, which is directly reflected in the [Ti/Fe] ratio becoming larger in NLTE. By looking at the results by Mashonkina et al. (2016), we expect for both stars an NLTE correction of the order of 0.2 or 0.3 dex (see Table 7). We investigated the NLTE corrections derived by Mashonkina et al. (2016) for the Ti i lines we used and present in the database, with the same procedure described in Section 3.4. For the selected lines, we derive an NLTE correction for Ti i of +0.37 dex for TYC 622-742-1 and 0.14 dex for TYC 1193-1918-1. The lines with an NLTE correction available provide an LTE A(Ti) 0.01 and 0.03 dex higher than the abundance derived from the complete sample of Ti i lines, respectively, for the two stars. By applying this NLTE correction, we derived the [Ti/Fe] ratios 0.54 and 0.36 for the two stars, respectively. By looking at Figure 1 by Mashonkina et al. (2016) we think that, due to the limited number among the Ti i lines, we used that are present in the investigation by Mashonkina et al. (2016), the NLTE correction for TYC 622-742-1 should be smaller, in the range 0.2-0.3 dex. In the case of Ti ii, we derived small NLTE corrections: 0.01 dex for TYC 622-742-1 and 0.00 dex for TYC 1193-1918-1, which provides [Ti/Fe] of 0.37 and 0.39 for the two stars (also in this case for A(Fe) we used is from Fe ii lines). The Ti abundance derived from the Ti ii lines with NLTE correction is the same than when derived from the complete sample of lines.

Summary 𝛼-elements

All the 𝛼-elements we could derive (Mg, Si, Ca and Ti) are enhanced in the two stars, as expected in metal-poor stars (see Spite et al. 2012). In Figure 4 4), and the evolved stars from Fulbright (2000, pink dots in Figure 4).

3.8

Odd-Z elements

Sodium

Several Na i lines (498.2, 568.2, 568.8, 588.9, 589.6, and 616.0 nm) have been investigated to derive A(Na) for the more metal-rich star TYC 1193-1918-1, and the line-to-line scatter we derived is small. The D1 and D2 lines provide abundances which are consistent with the values derived from the other weak lines; this fact could be explained by looking at Figure 2 by Takeda et al. (2003), an investigation on NLTE effects (on all the lines we investigated, except the line at 498.2 nm) where they deduce that NLTE effects are strong for saturated lines and become insignificant with decreasing or increasing the strength of the lines. For TYC 622-742-1, only the two weak lines at 568 nm are used to derive the Na abundance. In Figure 5, the abundances derived for the two stars are compared to literature analysis.

Aluminum

Only for TYC 1193-1918-1, we could derive Al abundance, from the feature at 669.6 nm. Looking at the study by Nordlander & Lind (2017), we deduce that for the parameters of this star, the NLTE effects for aluminum are small. In Figure 5, the [Al/Fe] ratio derived for TYC 1193-1918-1 is compared to the results by Fulbright (2000). 

3.9

Iron peak elements

Scandium

We could derive A(Sc) from a sample of ionized lines that provide a small line-to-line scatter (see Table 6). The [Sc/Fe] ratios, when using the Fe abundance from ionized lines, are of 0.25 and 0.30 dex for TYC 622-742-1 and TYC 1193-1918-1, respectively. In Figure 6, our results are compared to the ones by Ishigaki et al. (2012).

Vanadium

For the abundance determination of V, a quite large sample of line has been used for both stars (see Table 7) that provide a small line-to-line scatter. The [V/Fe] ratios derived for the two stars are close to zero (see Figure 6).

Chromium

For the Cr abundance determination, we could rely on both neutral and single ionized lines. For both stars, the ionization balance is not good and the Cr abundances derived from neutral lines are smaller for both stars, by 0.28 and 0.15 dex, respectively. This discrepancy is related to NLTE effects (see Bergemann et al. 2010). We determine the NLTE corrections for our stars using the database by Bergemann et al. (2010), looking at all the lines used by MyGIsFOS in the analysis. We derived an NLTE correction of 0.30 and 0.21 dex for the two stars (see Table 7). We then derived [Cr I∕Fe] = 0.09 dex for TYC 622-742-1 and [Cr I∕Fe] = 0.11 dex for TYC 1193-1918-1. These values have to be compared to the LTE [Cr/Fe] ratio by taking into account the abundances derived from ionized lines, and we obtain: [Cr/Fe] of -0.03 and 0.00, for the two stars, in excellent agreement with the ratio from neutral lines once NLTE effects are taken into account. The LTE [Cr/Fe] ratios we derived for both stars are shown in Figure 6.

Manganese

Mn abundance was derived for the two stars from 14 features. Figure 6 shows how our two stars show slightly low Mn abundances, with [Mn/Fe] ratios of the order of -0.3 dex, but fully compatible with the stars of other samples.

The LTE Mn abundances are systematically lower than NLTE abundances and the lower the metallicity, the larger the difference between NLTE and LTE. Bergemann & Gehren (2008) provided an NLTE corrections for Mn and we searched for the lines used in the MyGIsFOS analysis and derived an NLTE correction of 0.39 dex for TYC 622-742-1 and 0.31 dex for TYC 1193-1918-1 (see Table 7). If we take into account the NLTE corrections, we derive for the [Mn/Fe] ratios -0.07 for TYC 622-742-1 and -0.05 dex for TYC 1193-1918-1.

Cobalt

Co abundance is based on 16 and 18 Co i lines, respectively, for the two stars (see Table 6) that provide a low line-to-line scatter. The [Co/Fe] ratio is close to zero (0.08 and 0.01, respectively, for the two stars, see Figure 6). Bergemann et al. (2010) provide the NLTE correction for Co i. We searched for the lines analyzed in MyGIsFOS and we obtain an NLTE correction of 0.41 dex for TYC 622-742-1, which provide [Co/Fe] = 0.39 dex, and + 0.32 dex for TYC 1193-1918-1, providing [Co/Fe] = 0.27 (see Table 7).

Nickel

A large sample of Ni i lines ( 55) is used to derive A(Ni). For both stars, the line-to-line scatter is small (see Table 6) and the [Ni/Fe] is close to zero. In Figure 6, [Ni/Fe] ratios are compared to literature values. To our knowledge, no NLTE investigation exists on this element.

Copper

Three Cu i lines are investigated at 510.5, 570.0, and 578.2 nm. For the star TYC 622-742-1, we also analyzed 2013) (see Figure 6). The NLTE effects, investigated by [START_REF] Andrievsky | [END_REF], are large for the lines here analyzed. They get smaller as the metallicity increases. The NLTE effect would increase the Cu abundance and is of the order of ∼0.5 dex (see Table 7) for the more metal-rich star here analyzed, and even larger for the other star (see [START_REF] Andrievsky | [END_REF]). An NLTE correction of the order of 0.5 dex would bring the [Cu/Fe] ratio close to zero.

Zinc

The Zn abundance was derived from the 481.1 nm line for TYC 622-742-1 and for the star TYC 1193-1918-1, we used the two Zn i lines at 481.1 and 472.2 nm lines. We derived [Zn/Fe] ratios close to zero (-0.04 and 0.06 for the two stars). In Figure 6, the [Zn/Fe] ratios we derived are compared to the literature results.

Neutron capture elements

For the heavy elements, we fitted the line profile of the lines. We computed the synthetic spectra with Turbospectrum (Alvarez & Plez 1998) by using ATLAS 12 models computed with the parameters derived for each star. Hyperfine splitting and solar mix isotopic ratios have been used for the computation of the abundances.

As one can see from Figure 6, the stars are coherent with the results from the literature in the heavy elements. Both stars show a low [Y/Fe] ratio and an enhancement in Eu, as several stars in the sample by Ishigaki et al. (2013) and Fulbright (2000). TYC 622-742-1 shows a slight enhancement also in Zr, Pr, Nd, and Sm.

Strontium

The Sr ii line at 421.6 nm is employed to derive the Sr abundance. The [Sr/Fe] ratios in the two stars are both slightly negative: -0.05 and -0.18 for TYC 622-742-1 and TYC 1193-1918-1, respectively. In Figure 7, the [Sr/Fe] ratios we derived for the two stars are compared to the literature results. Andrievsky et al. (2011) analyzed the NLTE effects in a sample of very and extremely metal-poor stars. For the star TYC 622-742-1, the NLTE correction on the Sr line used should be of the order of 0.1 dex; the other star is too metal-rich to fit in this investigation.

Yttrium

The Y abundance has been derived by analyzing 9 and 10 Y ii lines for the two stars, respectively. We derive [Y/Fe] very close for the two stars (-0.31 and -0.33, respectively, when using A(Fe) from ionized lines). In Figure 7, our results are compared to the literature values and we see a close coherence.

Zirconium

For the determination of A(Zr) both Zr i (473.9 nm) and Zr ii (420.8, 461.3, and 511.2 nm) lines have been investigated. For both stars A(Zr) derived from neutral and ionized lines are in agreement within the uncertainties (see Table 6).

The star TYC 622-742-1 has a high value of [Zr/Fe] when the ratio is derived from Zr i and Fe i lines, while this ratio is close to zero (0.05 dex) when the abundances are from ionized lines, Zr ii, and Fe ii. For the star TYC 1193-1918-1, the values of [Zr/Fe] are in good agreement when the abundances are derived from neutral Zr i and Fe i lines or ionized Zr ii and Fe ii lines. In Figure 7, [Zr/Fe] from ionized lines is compared to the literature values.

Barium

To derive A(Ba) three Ba ii lines have been selected for each star. For TYC 622-742-1, the selected lines (at 493.4, 585.3, and 649.6 nm) provided an LTE abundance of A(Ba) = -0.08 ± 0.02 (see 2015) (from which we derive an LTE abundance A(Ba) = -0.07) and for them we derived an NLTE correction of the order of -0.15, which, applied to the LTE abundance derived from all lines we derive A(Ba) = -0.22 and [Ba/Fe] = -0.20 dex. For TYC 1193-1918-1, the three lines are in the set investigated by Korotin et al. (2015) and we derive an NLTE correction of about -0.16, providing: A(Ba) = 0.44 and [Ba/Fe] = -0.24 dex. In Figure 7, [Ba/Fe] is compared to results from the literature.

Lanthanum

A considerable sample of La ii lines (15 and 14, respectively) has been investigated to derive A(La) of -0.84 ± 0.05 and -0.34 ± 0.04 for the two stars, respectively (see Table 6). By using the Fe abundance from the ionized lines, we derive [La/Fe] ratios of 0.19 and 0.01, respectively (see Figure 7).

Cerium

Seven Ce ii features are used to derive A(Ce) of -0.58 ± 0.05 and -0.03 ± 0.07 for the two stars (see Table 6), which provides [Ce/Fe] of -0.02 and -0.15, respectively, when using the Fe abundance derived from ionized lines.

Praseodymium

The TYC 622-742-1 star presents a high value of Pr (A(Pr) = -0.95 ± 0.08 and [Pr/Fe] = 0.46) derived from a sample For the [Pr/Fe] ratios A(Fe) is from ionized lines. The Pr abundances are listed in Table 6 and shown in Figure 7.

Neodymium

Nd is well represented in the Subaru spectra here analyzed: a sample of 29 and 26 lines have been analyzed for TYC 622-742-1 and TYC 1193-1918-1, respectively, providing A(Nd) of -0.46 ± 0.05 and 0.04 ± 0.07 for the two stars (see Table 6). We could then derive [Nd/Fe] ratios of 0.26 and -0.08 dex (see Figure 7) for the two stars, with A(Fe) from Fe ii lines.

Samarium

To derive A(Sm) 11 and Sm ii features have been analyzed, providing A(Sm) of -0.78 ± 0.04 and -0.29 ± 0.06 and [Sm/Fe] of 0.39 and 0.20 dex, respectively. In Table 6, A(Sm) are reported.

Europium

Just the Eu ii line at 664.5 nm allowed us to derive A(Eu) of -1.0 and -0.5 (see Table 6), respectively. For both stars, we derive a positive [Eu/Fe] ratio (0.65 and 0.47 for the two stars). Both stars, but particularly TYC 622-742-1, show a high value of Eu (see Figure 7).

Uncertainties

When several lines are available in the abundance determination, we adopted the line-to-line scatter as uncertainty on the abundance determination, and the value is listed in Table 6. For the elements whose abundances are based on one single lines, we took the highest line-to-line scatter, which is 0.16 dex for TYC 622-742-1 and 0.14 dex for TYC 1193-1918-1.

Our uncertainties on the stellar parameters are: ΔT = 100 K, Δ log g = 0.10 dex, and Δ𝜉 = 0.20 km s -1 . A change in the stellar parameters brings a change in the abundance derived for the star. We then run MyGIsFOS by changing the stellar parameters with these uncertainties, to quantify the uncertainties in the abundances due to the uncertainties in the stellar parameters, and we derived the changes in the abundances listed in Table 8. The largest uncertainties in the abundance determination arise usually from the uncertainty in the temperature of the stars.

DISCUSSION

Parallax zero-point

To derive the stellar parameters, we applied the zero-point as described by Lindegren et al. (2021). In the case we have not applied the zero-point the star TYC 1193-1918-1 would have been barely affected, while for the star TYC 622-742-1 small changes, anyway within the uncertainties, would have affected the stellar parameters. We would have derived: (i) a T eff hotter by about 30 K for TYC 622-742-1 and just few K for TYC 1193-1918-1; (ii) a log g smaller by more than 0.1 dex for TYC 622-742-1 and by 0.05 dex for TYC 1193-1918-1.

Kinematics

The stellar orbits, integrated 10 Gyr backward, are presented in Figure 8 (blue and orange for TYC 622-742-1 and TYC 1193-1918-1, respectively). Both stars present retrograde, eccentric orbits (e = 0.32 and 0.70, respectively, for TYC 622-742-1 and TYC 1193-1918-1). Their orbital and kinematical parameters are typical of halo stars. None of them seem to belong to the Gaia-Sausage-Enceladus (GSE) structure (Belokurov et al. 2018;Di Matteo et al. 2019;Haywood et al. 2018;Helmi et al. 2018). Figure 9 presents the position of the two stars (blue triangle and orange square for TYC 622-742-1 and TYC 1193-1918-1, respectively) in planes used to isolate GSE, employing Galactocentric cylindrical velocities (V T , V R , V Z , top panels), the vertical component of the angular momentum (L Z , bottom panels), the orbital energy (E, bottom-right panel), and the radial action (its square root √ J R , bottom-left panel). As a reference sample, stars of the "good parallax" sub-sample analyzed in Bonifacio et al. (2021) are also plotted in gray scale. The red-shaded area in the bottom-left panel corresponds to the criteria defined in Feuillet et al. (2020) to select GSE stars, namely -500 kpc km s -1 < L Z < 500 kpc km s -1 and 30 < √ J R < 50. Stars belonging to this area are then presented as red filled circles in the other panels. TYC 622-742-1 has V T and L Z relatively similar to GSE stars, but a significantly lower value of

√ J R .

Abundances

The stars mainly show a typical chemical pattern of metal-poor evolved stars, as also highlighted by the comparison with the literature samples. O i -0.03∕ + 0.02 -0.13∕ + 0.12 +0.00∕ + 0.00 -0.01∕ + 0. 4 and Table 6, one can see that the most metal-rich star (TYC 1193(TYC -1918-1) -1) has lower [Mg/Fe] and [Si/Fe] than the most metal-poor star (TYC 622-742-1) following exactly the trend suggested by Matsuno et al. (2019). This trend is also found for GSE stars, but it is more significant in retrograde stars.

TYC 1193-1918-1 is probably an RGB star (see Figure 2). TYC 622-742-1 could also be an RGB star, but the AGB solution is also reasonable from its photometry and parallax and we are more in favor of this latter possibility due to its low C and high N abundances. We recall the large uncertainty in the A(N) determination, but still the derived values are consistent with the literature results. The C abundance is low in both stars, while A(N) is high, but this can be expected in evolved stars, when part of the carbon has been converted into nitrogen and due to some ill understood mechanism, occurring after the RGB bump often dubbed as extra mixing or nonstandard mixing (see e.g. Charbonnel et al. 2020, and references therein), it is brought to the stellar surface. Anyway, in TYC 622-742-1 the effect seems quite extreme (see Figure 3). The [(C + N)/Fe], defined as log((C + N)∕Fe)log((C + N)∕Fe) ⊙ , is close to 0 for TYC 1193-1918-1, but it is +0.7 dex for TYC 622-742-1.

According to Placco et al. (2014), a star with the surface gravity of TYC 622-742-1, with a log g increased by 0.5 dex as they suggest, had the initial carbon of about 0.7 dex higher. So the star was C-poor also on the main sequence, with [C/Fe] of about -0.4 dex. Looking at Figure 1 2014) is too small in the case of luminous stars. But in the literature, we could find also unevolved metal-poor stars poor in carbon (see [START_REF] Pinto | The metal-poor end of the Spite plateau. II. Chemical and dynamical investigation[END_REF]Aoki et al. 2013;Placco et al. 2019). It is then possible that also TYC 622-742-1 was C-poor when it was on the main sequence. We remark here that the spectral lines in TYC 622-742-1 are rather broad, corresponding to a gaussian broadening of about 10 km s -1 . The quality of the data does not allow us to distinguish between rotational broadening and macroturbulence broadening. Either way it could be that the phenomenon responsible for broadening the lines is also responsible for a more efficient mixing that brings more nuclearly processed material, with low C and high N, into the atmosphere. 

CONCLUSIONS

We investigated high-quality spectra of two stars selected for their high speed and compared their chemical pattern to the literature analyses. We could derive abundances for 28 elements (C, N, O, Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Y, Zr, Ba, La, Ce, Pr, Nd, Sm, Eu), and abundances from two ionization states in the case of four elements (Ti, Cr, Fe, and Zr). The two stars are similar in the chemical pattern with respect to Fe (see Figure 13). From a chemical point of view:

• the two stars are metal-poor;

• both are 𝛼-enhanced;

• both stars are poor in C and rich in N, as expected for evolved stars, and this fact is supported by the low 12 C∕ 13 C isotopic ratio in TYC 1193-1918-1;

• the stars show a slight excess in Eu abundance.

From a kinematic point of view, these are Halo stars not belonging to the GSE structure. These two stars have retrograde orbits with high ellipticity. They display a chemical composition that is, by and large, indistinguishable from that of other halo stars of similar metallicity.

Introduction

The results of the Gaia satellite (Gaia Collaboration 2016) and especially those of its second data release (DR2; Gaia Collaboration 2018; Arenou et al. 2018) have revolutionised our understanding of the build-up of the Galaxy. In particular it now appears that the halo stars 1 in the Gaia catalogue are dominated by stars on disc orbits and stars with low rotational angular momentum that are interpreted as the result of a major merger with a massive satellite (Belokurov et al. 2018;Haywood et al. 2018;Helmi et al. 2018;Di Matteo et al. 2019). We refer to this satellite as Gaia-Sausage-Enceladus as done by Di Matteo et al. (2020), and its mass may have been in excess of 10 10 solar masses (Belokurov et al. 2018;Mackereth & Bovy 2020). The stars on disc orbits may be prograde or retrograde, and their excursion about the Galactic plane may be as Chemical and kinematic data are only available at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.u-strasbg.fr/viz-bin/cat/J/A+A/638/A122

Based on observations made with ESO Telescopes at the La Silla Paranal Observatory under programme ID 104.D-0259. 1 We loosely define halo stars as those with a total speed in excess of 180 km s -1 (see e.g. Di Matteo et al. 2019). large as a few kpc (thick disc) or as small as a few hundred pc (thin disc). Quite unexpectedly, the most metal-poor star known, SDSS J1029+1729, is on a thick-disc orbit [START_REF] Caffau | Turn-Off Primordial Stars" invited talk at "The Metal-poor Galaxy[END_REF]Sestito et al. 2019;Di Matteo et al. 2020). Another extremely metal-poor star 2MASS J18082002-5104378 (Meléndez et al. 2016) with an iron abundance [Fe/H] = -3.84 (Spite et al. 2019) is on a thin-disc orbit (Schlaufman et al. 2018;Sestito et al. 2019;Di Matteo et al. 2020). More generally it now appears that when a sample of stars is chemically selected as metal poor there is always a significant fraction that is on disc orbits (see e.g. Venn et al. 2020). At the same time there is no evidence for the presence of a classical halo formed in situ as envisaged in the seminal Eggen et al. (1962) paper (Haywood et al. 2018;Di Matteo et al. 2019). The scenario in which the halo is formed from a combination of in situ early star formation and the accretion of stars and gas from tidally destroyed substructures, the latter dominating at large galactocentric radii (Tissera et al. 2013), needs to be deeply revised (see also Gallart et al. 2019). The number of significant fusions experienced by the Milky Way in the few Gyr of its existence is still debated (Myeong et al. 2019;Kruijssen et al. 2019;Reina-Campos et al. 2020).

In the Gaia data there is still space to identify stars that are the result of minor mergers, and a possible strategy for Open Access article, published by EDP Sciences, under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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A&A 638, A122 (2020) identifying these stars is to select stars with very high kinetic energy. It has been known for a long time that stars with high radial velocities or transverse velocities, which were once considered to belong to the Galactic halo, tend to have low metallicities (Roman 1950). Thus, in the past many observers targeted stars in high-velocity catalogues (Roman 1955;Giclas et al. 1971;Lee 1984) in order to find metal-poor halo stars. One of the first two metal-poor stars detected (HD 19445;Chamberlain & Aller 1951) was in fact in the Roman (1955) catalogue of high-velocity stars.

In recent years a number of surveys explicitly targeted at the discovery of low-metallicity stars have been employed to search in large spectroscopic or photometric surveys for these very rare primordial stars (usually, albeit misleadingly perhaps, identified with extremely iron-poor stars). Among other, our group developed (Ludwig et al. 2008) and successfully employed a selection tool able to detect candidate extremely metal-poor and extremely iron-poor dwarf stars in the low-resolution Sloan Digital Sky Survey (SDSS; York et al. 2000) spectra for subsequent follow-up (see e.g. Caffau et al. 2013). Among other results, this allowed the discovery of one of the only two non-CN enhanced ultra-metal-poor stars, SDSS J102915+172927 ([Fe/H] = -4.99; Caffau et al. 2011a), which still holds the record for the object with the lowest total metallicity (given that most extremely Fepoor stars also show extreme C, N, O enhancements).

The quality and richness of the Gaia DR2 catalogue allows us to revive the classical strategy of kinematical selection, although our objectives are more ambitious than those of observers in the past. We do not simply want to find metalpoor stars, but we want to understand how the population(s) with extreme kinetic energy fit in the formation of the Milky Way. For this reason we want to assemble a chemical and kinematical census of these extreme objects that is as complete as possible. In contrast to most deep, targeted surveys, Gaia covers the full sky. The spectrographic capabilities in DR2 are not able to identify very or extremely metal-poor objects, but thanks to the accurate distances and proper motions of nearby stars delivered by Gaia it allows the transverse velocity of a large sample of relatively bright targets to be derived.

In the Gaia DR2 catalogue, we selected stars with large transverse velocity, expecting them to be old stars on extreme, highly elliptic bound orbits with apogalacticon well into the sparsely studied outer halo. Such objects might either form in situ or be accreted from tidally dissolved substructures (dwarf galaxies, stellar clusters). Outer-halo accreted stars, in particular, have a high likelihood of coming from low-mass or ultra-faint dwarf galaxies (Tissera et al. 2013), so should generally be metal poor, and have a relatively high fraction of extremely metal-poor objects, crucial to understanding the early phases of the chemical evolution of the Universe. While this method is less likely to discover ultra-metal-poor objects with respect to targeted surveys, it has a few major advantages:

-It selects very bright objects, whose observations is much less time-consuming, while yielding spectra of much higher quality. This allows us to design observations for these objects as a bad weather or bright time filler programme.

-Instead of selecting a priori on low metallicity (that can be, but is not necessarily, a marker of a very early origin), it targets stars that are likely kinematically associated with the ancient, poorly studied outer-halo population, thus biasing the sample in a very different way.

-It efficiently exploits the less favourable observing conditions at the Very Large Telescope (VLT, i.e. thick clouds, bright time, bad seeing) to mine the incredibly large reservoir of unstudied bright cool stars; the whole sample, except for three stars, consists of stars with no reference whatsoever associated with them in SIMBAD (Wenger et al. 2000).

Selection

From the Gaia DR2 catalogue, we selected stars with transverse velocity higher than 500 km s -1 , in the G magnitude range 14-14.5. Further constraints were put on right ascension to ensure observability in European Southern Observatory (ESO) period 104 (0 h ≤ α ≤ 16 h or α ≥ 20) and on declination (δ ≤ -25) to privilege a south pointing. The latter constraint was set in order to ensure that the VLT could observe our targets even in the event of fairly strong northern wind. In this way we were able to ensure observations of stars that were not too far away, and as a consequence with relatively small uncertainties on parallaxes and proper motions, and of bright objects for an 8 m class telescope, allowing good quality observations even in bad weather conditions. This selection provided us with 1824 possible targets. Finally we selected for observation a set of "blue" stars in the hope that we would be selecting the most metal-poor population. The Gaia colour-magnitude of all the possible targets is shown in Fig. 1. In the figure the observed stars are highlighted and a metalpoor old isochrone is shown for reference. All 72 stars shown in Fig. 1 were observed during ESO period 104.

From Fig. 1 it is clear that with our selection we favoured (i) asymptotic giant branch (AGB) stars over red giant branch (RGB) stars, (ii) metal-poor stars over solar metallicity stars, and (iii) hotter stars belonging to younger populations. There is also another bias in favour of young stars. Because of our limit on the apparent magnitude of the observed stars, the more luminous the observed stars are, the larger the explored volume is (the greater the distance from the Sun, the higher the luminosity of a star of given apparent magnitude). This is known as the Malmquist bias [START_REF] Malmquist | Meddelanden fran Lunds Astronomiska Observatorium Serie[END_REF]): the absolute magnitude of a population A122, page 2 of 16 is biased towards higher brightness objects, when the population is drawn from a sample, by applying an apparent magnitude limited selection.

In the kinematical and chemical investigations, we assumed that all stars are single. Spectroscopically and photometrically all stars in the sample, except perhaps one (GHS36; see Sect. 4.3), are compatible with the contribution of a single component. However, a binarity of some of the stars analysed here could affect the astrometric parameters provided by Gaia as an overestimation on the uncertainties (see e.g. Kervella et al. 2019;Penoyre et al. 2020) and as a consequence could affect the kinematic results.

The stars we observed are not known in the SIMBAD astronomical database, except for three objects, which are discussed in the appendix.

-GHS29: Gaia DR2 5188812082642658944, also known as CSTAR 9171, a variable star of RR Lyr type.

-GHS46: Gaia DR2 4629181692264635520, also known as V* Z Men, a variable star of RR Lyr type.

-GHS63: Gaia DR2 2321153334969276160, also known as CTLGM 5192.

Observations

The stars were observed with FORS2 (Appenzeller et al. 1998) at VLT-ESO, during the programme ID 104.D-0259, 1 h OB per star, translated in 2762 s of exposure time. The observations were done with GRISM 600B+22, 0 . 28 wide slit providing a resolving power of about 2800 in the spectral range 330-621 nm, with 1 × 1 binning of the CCD (0.075 nm pixel -1 ). Of the 72 OBs, 66 are classified as A and 6 as B. The programme was executed in service mode, as a filler, so all the observations were done in extreme condition of Moon illumination and/or air mass. Of the sample of 72 stars, 23 stars were observed in dark time, 10 in grey time, and 39 in bright time. The distance from the Moon was sometimes small (up to 33 • ). In the data reduction, done with the ESO pipeline, the sky was subtracted with the option "optimal subtraction" to remove the sky contribution from the spectrum. The stars are bright enough to allow a good signal-tonoise ratio (S/N at 520 nm of the order of 90 for all stars, with the lower value of about 70 for GHS59 and few of the subgiant stars with about 100). The spectra of two of the most metal-poor stars in the sample are shown in Fig. 2.

Analysis

Radial velocity and kinematics

For each star we computed an ATLAS 9 (Kurucz 2005) model with the stellar parameters we derived. We computed a synthetic spectrum with SYNTHE (see Kurucz 2005;Sbordone et al. 2004) and the radial velocities were derived by templatematching (see e.g. Caffau et al. 2020). Using the star's coordinates, radial velocities, Gaia Dr2 distances, and proper motions we characterised the stellar orbital parameters. For this purpose, we used the GalPot code2 (Dehnen & Binney 1998) together with the best fit model from McMillan (2017). We derived thus the star's coordinates and velocity components in the galactocentric cylindrical (R, z, φ, v R , v Z , v φ ) and Cartesian systems (X, Y, Z, v X , v Y , v Z ). We further characterised the orbit deriving the minimum and maximum cylindrical (R min , R max ) and spherical (r min , r max ) radii, the maximum height above the galactic plane (Z max ), the total energy (E), the z-component of the angular momentum (L Z ), and the eccentricity (calculated as e = (r maxr min )/(r max + r min )). We used the default settings of GalPot, where the solar peculiar motion is the value measured by Schönrich et al. (2010, U = 11.1, V = 12.24, W = 7.25 km s -1 ) and R 0 = 8.21 kpc, Z 0 = 0.014 kpc, and v φ (R 0 ) = 233.1 km s -1 for the Sun. It should be noted that in the GalPot conventions the Sun rotates in the negative φ direction, and thus prograde motion corresponds to negative values of v φ and L Z . The major contribution on the speed of these stars is due to the transversal velocity; the radial velocity plays a minor role in the total speed of the stars. In this way, also with the large uncertainties on the radial velocity determinations due to the flections of FORS2 combined with the lack of telluric lines in the spectral range, we are confident with regard to the nature of the stellar kinematic. To provide more solid results, we computed the orbital parameters again by using V rad ± σ and the general behaviour does not change.

Five stars in the sample (GHS22, GHS33, GHS37, GHS58, and GHS64) return positive total energies E, and are thus unbound in the McMillan (2017) potential (total virial mass 1.3 × 10 12 M ), while all the other stars belong to the Galactic halo, with the majority on retrograde orbits (44/72) and only 32% (23/72) on prograde orbits. Integration backwards of the orbits over 13 Gyr using the GalPy3 code (Bovy 2015) with the MWPotential2014 potential multiplied by 1.63 in order to match the same mass of the McMillan (2017) best fit model, supports the notion that these stars are in fact unbound to the Galaxy. Masses between 1.5 × 10 12 M (for star GHS33) and 2.0 × 10 12 M (for star GHS58) would be required to bound the stars although with apocentres in excess of 500 kpc. Of these five stars, only GHS64 has a direction of motion which is broadly compatible with coming from the Andromeda region. On the other hand, none is compatible with an origin in the Magellanic Clouds.

In Figs. 3 and4 the orbital characteristics are presented. In the two figures the stars shown are (i) prograde stars as red triangles, (ii) retrograde stars as open black symbols, and (iii) the five unbound stars, when present, as filled black squares. The majority of the stars have very eccentric orbits, with 57 stars having an eccentricity higher than 0.9. Of the five unbound stars, three are prograde and two retrograde. The maximum (in plane) distance from the Galactic centre, Rmax is very large for some stars, larger than the Galactic radius. The Toomre diagram (upper right panel in Fig. 4) is comparable to the same diagram in Di Matteo et al. (2020, see their Fig. 3, upper left panel). The fraction of prograde and retrograde stars was different in Di Matteo et al. (2020), being 14/42 retrograde and 28/42 prograde. The stars in Di Matteo et al. (2020), selected only for their metallicity, were observed during the ESO large programme 165.N-0276 (Cayrel et al. 2004) and analysed in several papers (see e.g. Spite et al. 2005;François et al. 2007;Bonifacio et al. 2009).

Discussion on the parallax zero point

The Gaia DR2 astrometric solution is described at length in Lindegren et al. (2018) and the issue of a zero-point in the Gaia parallaxes is discussed in detail. An instrument like Gaia is designed to give absolute parallaxes; however, it is still prone to systematic errors, in particular to the precise value of the basic angle, which is the angle between the two primary mirrors. For Gaia this angle has been discovered to vary in time, thanks to an on-board metrology interferometer (the Basic Angle Monitor, BAM). The variations of basic angle as measured by the BAM are taken into account in the Gaia global calibration. From the parallax distribution of 556 869 sources classified as active galactic nuclei, therefore at distances where their true parallax should be zero within the sensitivity of Gaia, Lindegren et al. (2018) derive a global zero point of -0.029 mas. While within the accuracy of DR2 this is a statistically robust zero point, Lindegren et al. (2018) warn that "the actual offset applicable for a given combination of magnitude, colour, and position may be different by several tens of µas". In our case the magnitudes of our objects are several magnitudes brighter than the bulk of the sources used to determine the global zero point and the colours of our stars are redder. To look for a more relevant comparison sample, we consider the results of Arenou et al. (2018), who, compared the Gaia parallaxes for star members of 200 open clusters of known distance and derived the offsets, ∆ = -0.067 ± 0.12 mas and ∆ = -0.064 ± 0.17 mas, for two different catalogues of open clusters. It should be kept in mind that the error associated with these two estimates of the zero point is not statistical in nature, but systematic, deriving from two very different systematics that affect the Gaia parallaxes and the determiniation of the open cluster distances. Therefore, the error on the zero point cannot be divided by the square root of the number of clusters.

Considering the uncertainty on the Gaia parallax zero point and that the stars lie in different directions in the sky, we considered that it is a more conservative choice not to apply any zero point. Nevertheless, we investigated the effect of applying a zero point correction to our sample of stars. For this test we choose -0.065 mas, which is an average of the two values found A122, page 4 of 16 by Arenou et al. (2018) for open clusters. When this zero-point is applied to the Gaia DR2 data, all the distances of our stars become smaller with respect to the value shown in the figures. The effect is first noticeable in the colour-magnitude diagram. The luminosity of all the giant stars becomes smaller by up to two magnitudes. For the majority of the stars their position in the colour-magnitude diagram is no longer consistent with any isochrone of a metallicity consistent with the spectroscopic metallicity.

The second noticeable effect is on the kinematics. Because the stars are placed at smaller distances their transverse velocities become smaller thus all 72 stars would now be bound. The conclusions derived would be approximately the same even with this assumption. The stars remain on high-eccentricity halo orbits with a significant fraction of retrograde stars.

Stellar parameters

To derive the stellar parameters, we used the Gaia DR2 catalogue. With the parallax provided by Gaia DR2, we first derived the absolute G magnitude, and then by comparing the BP-RP colour and the G absolute magnitude to PARSEC4 isochrones (Bressan et al. 2012;Marigo et al. 2017) of a certain metallicity, we derived the stellar parameters. The Gaia photometry was dereddened by using the maps by Schlegel et al. (1998). With the derived stellar parameters, we ran our pipeline MyGIsFOS (Sbordone et al. 2014) to derive the chemical composition of each star. When the derived Fe abundance was not within about 0.25 dex of the metallicity of the isochrone used to derive the stellar parameters, new parameters were obtained by using isochrones of closer metallicity, and provided as input to MyGIsFOS.

Two of the three stars already investigated in the literature, GHS29 and GHS46, are classified as RR Lyr in the Gaia DR 2 catalogue. We compared Hβ, which is available in the wavelength range observed, to synthetic spectra computed with the stellar parameters derived from the colours. The agreement is good. We made some further checks on these two stars:

-GHS29 The effective temperature (T eff = 6100 K) we derived is more than 100 K hotter than 5885.0 K provided in the Gaia catalogue. The metallicity of -1.22 ± 0.22 provided in the Gaia DR2 RR Lyr catalogue is in good agreement with the value [Fe/H] = -1.38 ± 0.30 we derived. To verify the reliability of our analysis, we derived the stellar parameters by using the Gaia epoch photometry in correspondence with the phase during the FORS observation, and derived T eff = 6113 K and log g = 2.74, very close to the value derived from the average photometry provided by Gaia DR2 (6100 K/2.75) and used in this analysis.

-GHS46 The effective temperature we derived (T eff =5976 K) is in perfect agreement with 5950.997 K provided in the Gaia catalogue. The metallicities we derived for this star ([Fe/H] = -2.54 ± 0.27) is in good agreement with the metallicity of -2.22 ± 0.22 provided by the Gaia DR2 RR Lyr catalogue. When using the Gaia epoch photometry corresponding to the phase of the observation to derive the stellar parameters, we find T eff = 5931 K and log g = 2.47, very close to the value adopted here and derived from the Gaia DR2 photometry (5976 K/2.50).

On the other hand, we suspected that the star GHS36 is also a RR Lyr: the observed Gaia photometry put it far from the isochrone of the metallicity derived from the analysis. This star from the photometry should be young and more metal poor. When comparing the Hβ wings to a synthetic spectrum, the star appears hotter than derived. We do not provide detailed abundances for this star, but only a probable metallicity. In Fig. 5 the parameters we derived for all the stars in the sample are compared to isochrones of [M/H] = -1.5 for three ages, and in Fig. 6 the Gaia DR2 photometry of our sample of stars is compared to the isochrones. In Table 1 the stellar parameters are presented; as solar Fe abundance we applied A(Fe) = 7.52 by Caffau et al. (2011b, see also Table 2).

From Fig. 6 we can deduce that the stars appear younger that expected from their relatively low metallicity. This effect could be the result of an overcorrection of the reddening. We then compared the photometry not corrected for reddening to the isochrones. Of course the stars move towards older ages, but the problem of stars that are too young for the metallicity still persists. The two known RR Lyr in the sample, GHS29 and GHS46, have to be old stars to be in this phase of their evolution, but to derive their stellar parameters we had to accept a young age. RR Lyr are variable stars, so these stars cannot be used to discuss the reliability of the ages. On the other hand, the other stars in the sample can hardly be RR Lyr type because their parameters (except for few stars) are not compatible with this stage of stellar evolution.

Abundances

With the code MyGIsFOS (Sbordone et al. 2014), we derived the chemical composition of the stars of our sample. MyGIsFOS compares the selected features to a pre-computed grid of synthetic spectra, which we computed with the spectralsynthesis code SYNTHE (see Kurucz 2005;Sbordone et al. 2004) based on 1D model atmospheres we computed with ATLAS 12 (Kurucz 2005), and which makes a χ 2 minimisation.

We could derive the abundances of Fe (by using Fe i features, and in few cases also from Fe ii features), Mg, Ca, Ti (both from Ti i and Ti ii features), and Ba for all or most of the stars. We also derived Ni and Sr abundances for a subsample of stars (6 and 22, respectively). The Fe abundance we derive for our sample is in the range -2.61 ≤ [Fe/H] ≤ -0.95.

In Fig. 7 the comparison of the abundances derived by MyG-IsFOS from neutral and single ionised lines of Ti and Fe is shown. The agreement is generally very good. The higher A(Ti) value derived from Ti ii lines with respect to that from Ti i lines is explained by NLTE effects (see Mashonkina et al. 2016).

In Fig. 8, the abundances of the two analysed α-elements, Mg and Ca, are shown. The reference solar abundances for this figure and the others are listed in Table 2. The sample shows a very homogeneous α-enhancement, even though that the analysis is based on low-resolution spectra. As the average [Mg/Fe] for the complete sample (71 stars) we derived [Mg/Fe] = +0.42±0.11 and for the 70 stars for which we have A(Ca) determination from Ca i lines [Ca/Fe] = +0.31 ± 0.10. To make this statement stronger, we compared our sample to the FORS-Pristine sample (Caffau et al. 2020), which is a sample of similar metallicity stars, observed with the same spectrograph. These stars (open blue squares in the figure) generally show a larger scatter in [Mg/Fe] and [Ca/Fe], overall showing several stars with no evidence for the typical α-enhancement expected for the Galactic metal-poor stars. This situation is not seen in the sample of stars presented here.

For six stars we were able to derive the abundance of Ni from one single feature. In Fig. 9 these results are compared to literature values, and we see that this sample is completely compatible with stars of similar metallicity.

In Fig. 10 the abundances of the two heavy elements are shown. For the stars that also have a detection in Sr and Ba, they behave as normal Galactic metal-poor stars. In Fig. 11, [Sr/Fe] and [Ba/Fe] are plotted versus [Fe/H], and are compared to the sample by Caffau et al. (2020) and to literature values collected by Frebel (2010). In Fig. 11, the most metal-poor stars in our sample ([Fe/H] < -2) are compared to the stars with [Fe/H] < -2 in Caffau et al. (2020) and to literature values for extremely metal-poor stars.

One star, GHS48, shows a high [Ba/Fe] value and no Sr determination due to the poor reproduction of the fit on the Sr ii line, and the abundance determination was rejected by MyGIsFOS because the probability was below threshold (for details, see Sbordone et al. 2014). The other star rich in Ba (GHS65, [Ba/Fe] = 1.03) is a carbon enhanced metal-poor (CEMP) star ([C/Fe] = 1.21), but its Sr is just slightly enhanced ([Sr/Fe] = 0.43).

The G-band is generally strong for cool stars, so for the majority of the stars (55 stars) we were able to derive the C abundance. For the others, we provide an upper limit. Two stars (GHS65 and GHS69) are CEMP ([C/Fe] > 1). GHS65 is a CEMP star also rich in Ba ([Ba/Fe] = 1.03). It is worth repeating that several evolved stars in this sample are probably AGBs, so that part of their C has been converted into N.

To derive the C abundances or upper limits, by using SYN-THE and the model atmosphere with the parameters of the star, we computed a grid of synthetic spectra varying in A(C). With a χ 2 minimisation, we derive A(C). When A(C) is known, from the CN band at 380 nm, it is possible to derive the N abundance with the same technique. This CN band is much weaker than the G-band, and at this resolution is hardly detectable; however, for a subsample of stars (35 stars, generally the cooler and the most metal-rich in the sample) we were able to derive A(N). We have so many N detections because these stars are mostly cold, but also because some of our stars are AGBs and their N content is enhanced. In Fig. 12, the C abundance derived from the G-band is plotted as a function of the stellar [Fe/H] (upper panel of the figure). We compare our values to the results of the high-quality analysis by Spite et al. (2005). The comparison sample is definitely more metal poor, but we can see the very similar pattern. In the central panel of Fig. 12, [N/Fe] is shown, while in the lower panel [C+N/Fe]. The stars in our sample showing an enhanced A(N) are on average hotter than those in Spite et al. (2005), but this could be explained by looking at the Hertzsprung-Russell (HR) diagram in Fig. 5, several (probably the majority) of the evolved stars in our sample are AGBs; it is likely that on average they are more evolved than the stars in the sample of Spite et al. (2005), whose average temperature is lower, so that a fraction of them probably still belong to the red giant branch (RGB). 

Discussion

Chemical composition

Due to the extreme kinematics requested in the selection, the stars presented here almost surely belong to the halo, or are unbound stars passing through the Galaxy. We would have expected a large distribution in metallicity (passing-by stars could be of any metallicity), with a preference towards low metallicity, due to the preference we gave to blue objects in the colour selection. Instead, we have a small range in metallicity. Taking into account the complete sample [Fe/H] = -1.51 ± 0.42; but if we restrict to [Fe/H] > -2, we obtain [Fe/H] = -1.37 ± 0.24, a scatter star-to-star that is comparable to the average line-to-line scatter in the [Fe/H] determination of each star. We have a clear peak at [Fe/H] ≈ -1.4, which is higher than the average value derived by Allende Prieto et al. (2014) in their investigation on metal-poor stars (see Fig. 13).

We expected that some of these high-speed stars were objects captured from dwarf galaxies or even stars belonging to disrupted dwarf galaxies, but here we expected, at least for a few cases, stars with low α-enhancement because stars in this metallicity range belonging to some dwarf galaxies have this characteristic. One of the explanations for the low α-content in the dSph galaxies is that they are characterised by slow, bursting, or gasping star formation (e.g. [START_REF] Marconi | [END_REF]Font et al. 2006). On the contrary, most (if not all) of the stars in this sample appear α-enhanced by the amount expected for metal-poor Galactic stars. For the complete sample we find [Mg/Fe] = 0.42 ± 0.11 and [Ca/Fe] = 0.31 ± 0.10. The average line-toline scatter in A(Mg) is 0.14 dex and in A(Ca) 0.21 dex. Only one star in the sample, GHS66, has the ratios of both α-indicators A122, page 7 of 16 A&A 638, A122 (2020) Fig. 7. Comparison of the abundances derived from neutral and ionised elements. To provide an idea of the uncertainties, an average error bar is shown in the plot.

over Fe below 0.2 ([Mg/Fe] = 0.18 and [Ca/Fe] = 0.17); GHS71 is low in Ca ([Ca/Fe] = 0.07), but its Mg is normally enhanced ([Mg/Fe] = 0.31); GHS65 has [Mg/Fe] = 0.28 [Ca/Fe] = 0.17.

Already Haywood et al. (2013) had, in the sample they discussed, a small number of slightly metal-poor α-enhanced stars that are young. It is true that the metallicity in their sample is higher ([Fe/H] ∼ -0.5) than the metallicity of our young stars, but they could still belong to the same population. Chiappini et al. (2015) discussed a group of α-enhanced stars analysed by CoRoT. These stars with precise age determinations happen to be young and with metallicity from solar to slightly metal poor. According to the authors, these stars could originate near the Galactic bar. We are not sure if our sample of metal-poor young stars is connected to these stars, with good age determinations, studied in the literature.

In Fig. 14 the two α-elements analysed here, Mg and Ca, are compared to the analysis by Nissen & Schuster (2010). For Ca we can see no difference in the three populations analysed by Nissen & Schuster (2010, the low-α, accreted population; the high-α, halo population; the thick disc population), but for Mg there is a clear distinction, and from the upper panel of Fig. 14 it is clear that our stars are more consistent with the in situ population by Nissen & Schuster (2010).

In high-speed stars were formed in dwarf galaxies, then these galaxies should have a star formation history similar to that of Sgr, starting the descent of the α-to-iron ratio at a metallicity higher than -1.3. This suggests fairly massive galaxies, at least like Sgr. Alternatively, we know that globular clusters have very homogeneous Ca-to-Fe ratios (Mg may vary because of the presence of a Mg-Al anti-correlation, initially found by [START_REF] Gratton | [END_REF] and confirmed by many subsequent studies; see Gratton et al. (2004) and Bastian & Lardo (2018) for reviews on multiple populations in globular clusters), with Ca being enhanced, as in field Milky Way stars. Therefore, our high-speed stars could also have come from globular clusters. High-resolution spectroscopy could shed light on the origin of these stars. If, for instance, they were formed in globular clusters, we would expect to find a Na-O anticorrelation, and perhaps also a Mg-Al anti-correlation. At the very least we should be able to find a sizeable dispersion in Na abundances in any given metallicity bin.

It may be more difficult to find chemical signatures that point to an origin in a dwarf galaxy. of the signal comes from stars with [Fe/H] > -1.0; for the metalpoor population the abundance ratios are the same as those of Milky Way stars (Hansen et al. 2018). Roederer et al. (2018) have claimed that stars with enhanced neutron capture elements formed in the r-process (r-enhanced for short) have been formed in dwarf galaxies and accreted to the Milky Way; however, Di Matteo et al. (2020) refuted this claim on the grounds that r-enhanced stars are kinematically indistinguishable from (Venn et al. 2004;Reddy et al. 2006); black open circles, Sgr dSph main body stars (Monaco et al. 2005;Sbordone et al. 2007, 2015, andin prep.;Hansen et al. 2018; open blue squares, dSph (Venn et al. 2004;[START_REF] Letarte | Chemical Analysis of the Fornax Dwarf Galaxy[END_REF]; green "x" signs, Car dSph (Venn et al. 2004;Koch et al. 2008); orange open triangles, Scl dSph (Venn et al. 2004;Geisler et al. 2005) Skúladóttir et al. (2019). Clearly our values are in better agreement with the Milky Way results than with any of the other dwarf galaxies shown in the plot. For [Ba/Fe] the comparison of our sample with the sample analysed by Nissen & Schuster (2011), shown in Fig. 17, also suggests that our sample is compatible with the Milky Way and thus not accreted. The comparison in Fig. 18 also shows an A122, page 10 of 16 agreement with the Galactic sample more than with a sample from dwarf spheroidal galaxies.

Overall, we expected to find a large chemical variation from star to star in the sample; instead, we find a homogeneous sample from this low-resolution analysis, with no chemical-peculiar star except two CEMP stars (GHS65 and GHS69). Could these stars, at least the ones with [Fe/H] > -2, belong to a disrupted globular cluster? Or could they all come from a disrupted small galaxy, similar to Sgr?

Variability

The two known RR Lyr stars (GHS29, GHS46) lie in the instability strip of the fundamental mode according to Bono & Stellingwerf (1994). In Fig. 19 they are compared to the other star in the sample. Four more stars lie in the instability strip: GHS24, GHS36, GHS42, GHS56. GHS36 has a strange spectrum, with broad H-lines. For the other three we have no special remarks.

Ages

The subgiant stars (log g > 3) lie in an HR part of the diagram where, once the metallicity is known, the age of the star can be inferred by using an isochrone (see Fig. 6). We are absolutely aware of the uncertainty of this method, but it can give us a rough estimation of the age or at least tell us if the ages of these metal- Bono & Stellingwerf (1994).

poor stars are compatible with ages of the order of or larger than about 10 Gyr, as expected for metal-poor stars. On the contrary, all these stars are compatible with ages of 8 Gyr or younger. One problem could be the reddening that shift the stars to younger positions in the HR diagram. If no reddening is applied, some stars will surely take places in the colour-colour diagram close to an isochrone of a more appropriate older age, but not all. We conclude that the reddening can play a role in making some stars to appear younger, but not all. We could assume that these metalpoor apparently young stars are blue stragglers. Assuming that this is the case, by selecting high-speed stars that are bluer than the -2.0 metallicity isochrone, we end up with all the subgiant stars being blue stragglers. Is high speed a result of the formation of a blue straggler?

For the more evolved (log g < 3) stars things are more complicated. There are 19 stars for which we use isochrones of 10 or 12 Gyr to derive the parameters, but for the other 44 stars younger ages are needed to fit well the photometry of the stars on the isochrones. What is evident is that the isochrones of different ages are close enough to make it difficult to rule out that most of the stars are in fact about 10-12 Gyr old; even so, Fig. 6 convinces us that several of these stars are in fact younger than 12 Gyr. Without a doubt, some of the stars are in the HR diagram in places where no 10 or 12 Gyr old isochrone can be found. In addition, if our selection results in so many young subgiant stars that we could easily classify as blue stragglers, why is it not possible that some of these more evolved stars are the evolution of these blue stragglers? Or, even if the subgiant populations is in fact composed of young stars, why should it not also be the case for the giant stars?

The point is then to find an explanation that justifies the high speed and young ages in this sample of stars.

Kinematics

Some stars have a maximum distance from the centre of the Galaxy that is much larger than its estimated radius. Twentythree stars reach distances larger than 100 kpc from the centre of the Galaxy. In particular, three stars (GHS32, GHS56, and GHS57) reach more than 300 kpc from the centre of the Milky A122, page 11 of 16 A&A 638, A122 (2020) Way. Clearly, for these stars in particular, to be sure that they are really bound and in order to derive their orbits and orbital parameters, we should take into account all the dwarf local galaxies in the potential, but probably also the Magellanic clouds and perhaps even Andromeda.

Clearly the sample is small, but we still tried to see if we could identify streams. We first checked whether our stars are consistent with the streams in Malhan et al. (2018), but we could find none. In a few cases the coordinates were consistent with known streams, but our stars are much further away. We looked for a subsample of stars close in proper motion, and we found two of them. These stars are probably close in proper motion just by chance; in fact, we did not find in the Gaia DR2 catalogue other stars that could form a stream consistent with these stars.

Five stars in the sample have unbound orbits (GHS22, GHS33, GHS37, GHS58, GHS64) at 1σ significance, due mainly to the uncertainty on the parallax. When considering the formal error on the total speed, we find that for all five stars it still exceeds the Galactic escape speed (taken to be 528 +24 -25 km s -1 ; Deason et al. 2019) even after subtracting a 1σ error from it, but not if we subtract 2σ. The same holds true by taking into account the variation of the escape velocities with the distance from the Galactic centre (see Monari et al. 2018).

Possible origins of our sample high-speed stars

The selection of our sample, as described in Sect. 2, is heavily kinematically biased in colour and luminosity. In this respect we have to keep in mind that we are selecting a very rare population. Our colour-magnitude selection of the already rare high-speed sample selected only 4% of the stars. It is therefore legitimate to also consider the possibility that our stars trace several very rare events. If this were the case we would expect our stars to be very diverse in terms of chemical composition.

Cross-matching Gaia DR2 with LAMOST allowed us to identify 68 high-speed late-type stars for which the LAMOST pipeline provides atmospheric parameters and chemical abundances (Du et al. 2018a(Du et al. ,b, 2019)). None of these stars is also in our sample. Although Du et al. (2019) comment that "Most of the high velocity stars are metal-poor and α-enhanced", inspection of Fig. 4 of Du et al. (2018a) and Fig. 2 of Du et al. (2018b) shows that there is a sizeable spread in α-to iron ratios, with several stars with low ratios and also a considerable spread in metallicity. This is not the case in our sample. The precision in abundances is probably the same for the LAMOST data and ours; we use a slightly higher resolving power, but the LAMOST spectra have a much larger spectral coverage. It should be noted that the selection of the two samples of stars is different: Du and collaborators were interested in detecting unbound stars; we were aiming at the metal-poor population of high-speed stars. Another difference is that we performed spectroscopic observations following our hybrid kinematical and colour-magnitude selection, while Du and collaborators just picked the stars that were independently targeted by LAMOST without any kinematical selection.

The availability of Gaia DR2 triggered many works searching for unbound stars, and many of these studies can be found in the works of Du and collaborators; we mention here only the work of Bromley et al. (2018). Star Gaia DR2 5846998984508676352 is in common between Bromley et al. (2018) and our sample of high-velocity stars, but we did not observe it because it was too cool and faint for our selection. Although they did not select preferentially brighter and bluer stars, as we did, it is nicely illustrated in their Fig. 7 that the unbound stars are the most luminous for any given colour. We interpret this as an effect of the Malmquist bias, as for our sample. This implies that the speed selections will always be biased towards brighter younger and metal-poor stars. However there is no obvious reason why the metallicity range should be limited.

The results of our analysis show that, on the one hand the metallicity range of our sample is very limited and that the abundance ratios are also very tightly clustered. While our preference for blue stars does explain the fact that all of the sample is metal poor, we expected a larger metallicity spread; in particular, we expected to observe at least one extremely metal-poor star with [Fe/H] < -3.0, as found by Du et al. (2018a). In the same spirit, we expected a large spread in α-to-iron ratios and barium-to-iron ratios, which is hardly the case.

Unless we admit that these stars were born with such extreme velocities we must assume that they were accelerated. Let us begin by examining the possible causes for acceleration:

1. Merging of an external galaxy with the Milky Way; 2. Interaction with black hole in the Galactic centre (Hills 1988);3. Origin in an external galaxy (e.g. Andromeda, see Sherwin et al. 2008) and ejection through interaction with its central black hole;

4. Star in a binary system with a massive primary that ended its life as a SN and gave a "kick" to the secondary; 5. Star in a hierarchical triple system, with a massive primary that ended its life as a supernova (SN) and gave a kick to the outer couple that remained bound; 6. Origin in a globular cluster and ejection through gravitational interaction in an intermediate mass black hole at the centre of the cluster (see e.g. Fragione & Gualandris 2019, and references therein).

Scenario 1 requires that the merging galaxy be rather massive (but still less than the MW) and with a star formation history that implies a constant α-to-iron ratio in the metallicity range probed by the present sample. However, in such a case, according to the simulations of Jean-Baptiste et al. (2017), in the phase-space domain explored we should find both MW stars and stars formed in the accreted galaxy, although the latter are favoured among high kinetic energy stars. Even if in the presently explored metallicity regime the two populations were indistinguishable in terms of α-to-iron ratios, as we move to a more metal-rich regime we expect that the two populations should split, the accreted galaxy showing lower α-to-iron ratios. Figure 1 shows clearly that among these high-speed stars selected (black dots) the majority lie to the red of the metal-poor isochrone ([M/H] = -2.0), so they are indeed more metal-rich than the observed stars. It would therefore be extremely interesting to measure α-to-iron ratios in the more metal-rich high-speed stars to test this possible interpretation. Scenarios 2, 3, 4, and 5 are all plausible, and not mutually exclusive. In particular, there are four targets whose minimum distance from the Galactic Centre is less than 0.5 kpc, making an origin in this environment (scenario 2) plausible. The star GHS64 is compatible with scenario 3 (see Sect. 5.4), yet there is no reason why a multiplicity of these rare events should end up with such a high chemical homogeneity, as observed. Scenario 5 in particular would also be able to explain the presence of evolved blue stragglers: after the kick due to the SN explosion, the remaining binary undergoes merging and becomes a blue straggler.

Scenario 6 is the most appealing. The weak point is the fact that no conclusive evidence yet exists for the presence A122, page 12 of 16 of intermediate black holes at the centres of globular clusters, although there are strong theoretical reasons to suggest that this is the case (Greene et al. 2019). There are two reasons that make this scenario appealing: in the first place, the metallicity distribution and α-to-iron ratios of our sample are consistent with their origin in Galactic globular clusters (GGC); in the second place, this would explain the presence of blue stragglers, which we know populate GGC. This idea can be put directly to test in two ways. We know that GGC are characterised by multiple stellar populations that give rise to several correlations, and anti-correlations among abundance ratios, the most prominent being the Na-O anti-correlation, as mentioned in Sect. 5.1. Unfortunately our data resolution is too low to provide reliable Na abundances; the only Na i lines detected are the D-doublet, and at our resolution it is difficult to disentangle the stellar absorption from the interstellar absorption and the atmospheric emission, even for the stars with the highest radial speeds. Thus, the first test would be to observe a sizeable fraction of these stars at high resolution and see if a Na-O anti-correlation becomes apparent, or at least a large spread in Na abundances. In absence of this we could easily rule out the origin in GGC.

The second test concerns the subgiant and turn-off stars that appear to be younger than 10 Gyr. If they are blue stragglers then they should show no measurable Li if they were formed from the coalescence of the components of a binary system, or Li should be depleted (A(Li) ∼ 1) if the blue straggler was formed by collision (Glebbeek et al. 2010). If the stars are not blue stragglers, then their lithium abundance should lie on the Spite plateau at A(Li) ∼ 2.2 (Spite & Spite 1982;Sbordone et al. 2010).

We can see that the metallicity of this sample of stars peaks at about -1.4 (see Fig. 13), in surprising agreement with the peak of the Gaia-Sausage-Enceladus sample (see Fig. 19 in Di Matteo et al. 2019). This intriguing fact deserves further investigation.

Conclusions

We presented here the chemodynamical investigation of a sample of 72 stars, selected from the Gaia DR2 catalogue for their high transversal velocity and observed with FORS at the VLT. Our main conclusions, discussed in detail in the previous section, are summarised below:

-The chemical pattern of these stars is extremely homogeneous. Although the stars in the sample analysed here suffer from a strong selection bias, we believe that the relatively narrow range in metallicity, from metal poor to very metal poor, is too extreme to be explained by our selection bias. Even if the analysis is based on low-resolution spectra, implying a larger uncertainty, the homogeneity in their abundances is comparable to the high-quality sample analysed by Spite et al. (2005). -The subgiant stars in the sample all appear to be younger than expected at this metallicity range, being of 8 Gyr of age or younger. With this selection we could have picked up mainly (or only) blue stragglers. -For the giant stars, a minority (30%, 19/63) are as old as expected, while others appear generally much younger than expected (70%, 44/63 with an age of 8 Gyr or younger, up to 1 Gyr). They could be evolved blue stragglers.

-Most or all of these stars show a high [α/Fe], compatible with the MW population or (in this metallicity regime) the population of massive satellites like Sgr.

-Some stars have extreme orbits. As expected, all the other stars show halo orbits. Few stars reach such large distances from the centre of the Galaxy to cast doubts on their boundness. -We identified several acceleration mechanism (see Sect. 5.5) of which the one able to explain the chemical homogeneity is an origin of these stars in GGCs. We suggested observations to probe this scenario. -We were able to identify two small subsamples of stars close in proper-motion, but we could not find other stars in the Gaia DR2 catalogue belonging to these hypothetical streams. 

Pristine

The Pristine survey (Starkenburg et al., 2017) is a narrow-band photometric survey conducted in the Northern hemisphere, on the 3.6 m Canada-France-Hawaii Telescope (CFHT) located in Maunakea in Hawaii, with the wide-field imager MegaCam and a narrow-band filter centered on the Ca ii-H and -K lines (CaHK) at 396.85 and 393.37 nm, respectively. This doublet is a good indicator of the stellar metallicity because this doublet is strong enough to be still detectable also at extremely metal-poor stars. The CFHT CaHK filter provides an excellent sensitivity in deriving the metallicity because it is designed in the shape of a top-hat and it is narrow, with a width of 10 nm (see Fig. 5.1) so to include just the Ca ii-H anf -K lines.

The photometric selection of metal-poor stars has already been used by the SkyMapper collaboration (Wolf et al., 2018). Skymapper observations are from the 1.35 m telescope at the Siding Spring Observatory in Australia, in the southern hemisphere [START_REF] Keller | Galactic Archaeology: Near-Field Cosmology and the Formation of the Milky Way[END_REF]. Pristine and SkyMapper surveys are operating in different hemispheres. Pristine focuses its footprint on high-Galactic-latitude regions, b > 30 • , while Skymapper observe the southern sky.

The Pristine narrow-band photometry combined with broad-band photometry (SDSS, APASS, Gaia DR2, Gaia DR3) allows to derive the stellar parameters (eventually by using also the information from the Gaia parallax) and the metallicities. The Pristine collaboration selected several metal-poor candidates that were then observed at low-resolution (see e.g. Aguado et al., 2019b) or at high-resolution (see e.g. Caffau et al., 2017;Bonifacio et al., 2019a;[START_REF] Kielty | [END_REF].

The FORS sample

Taking advantage of the high efficiency of the FORS spectrograph (Appenzeller et al., 1998), mounted on the Cassegrain Focus of the 8.2 m ESO VLT telescope, we succeeded in three ESO periods, to secure relatively bright Pristine candidates to be observed in any weather conditions. This kind of program is called a "filler" program, and is executed when the weather conditions are not adequate to execute other programs. The analysis of these spectra is described in the paper by Caffau et al. (2020). We selected both dwarf and giants stars that behaved in different way in the selection we introduced in this investigation. In the first two periods (100 and 102), the stars were selected by using the Pristine narrow-band combined with the broad band SDSS photometry. In the latest period ( 103) we switched to the use of the Gaia photometry and parallax to break the gravity-metallicity degeneracy. The new calibration was introduced by Bonifacio et al. (2019a) and is described in detail there. In synthesis, the method is iterative: it locates the star in the plane (G BP -GRP, [(G -CaHK) -(G BP -G RP )]), and using the guess on log g estimates T eff and metallicity (see figure 1 in Caffau et al. 2020), then a new value of log g is computed via the Stefan-Boltzmann equation. The whole procedure is iterated until the changes in T eff and log g are below a fixed threshold, we used 50 K for T eff and 0.1 dex for log g. The selection in the latest ESO period was very efficient for evolved stars, while it revealed not so good for unevolved stars. The reason for this is readily understood: the iso-metallicity lines in the colour-colour plot are increasingly closer for higher T eff and higher log g. Unevolved stars are characterized both by higher T eff and higher log g, thus any error in photometry and parallax has a larger effect on the estimated parameters than it does for evolved giant stars.

We could analyse several metal-poor stars, one of the remarkable results was that we found several stars that are not enhanced in α-elements. Five stars have [(Mg+Ca)/Fe]< 0.

My main task in this investigation was to derive the carbon abundance from the Gband (see e.g. Fig. 5.2) and I was involved in the application of the new calibration to the sample of stars. Another remarkable result of this investigation is the low fraction of CEMP stars that we found. Out of 98 stars, for which a full chemical analysis was performed, we found only 9 CEMP stars. If we look at our fraction of CEMP stars over C-normal metal-poor stars compared to those of Aguado et al. (2019a) and Placco et al. (2014), our fraction is clearly lower. While it may be argued that the Pristine CaHK introduces a bias against selecting CEMP stars, this cannot be the reason for the discrepancy with Aguado et al. (2019a), since both samples are selected from the Pristine photometric catalogue. This low frequency of CEMP stars in the FORS sample does not yet have an explanation.

Figure 5.2: G-band for a star observed by FORS2, discuss by (Caffau et al., 2020).

My investigation: the Narval sample

I here present a detailed analysis of fifteen dwarf and giant stars selected by Pristine and observed with the spectropolarimeter NARVAL located on the 2 m Telescope Bernard Lyot (TBL) at the top of Pic du Midi in the High Pyrenees, in the southwest of France at an altitude of 2877 m. We derived the stellar parameters, detailed chemical composition. The kinematical properties have been derived too. The chemical abundances derived have been compared with two available samples, SOPHIE (Caffau et al., 2015) and First Stars (Bonifacio et al., 2009) samples, finding a general good agreement.

Target selection and observations

Selecting this stellar sample we aimed at exploring the bright end of the Pristine survey. To circumvent the problem of saturation in the SDSS broad bands we encountered in previous selections (see Caffau et al., 2017), we used instead the APASS gi photometry [START_REF] Henden | American Astronomical Society Meeting Abstracts #232[END_REF][START_REF] Henden | American Astronomical Society Meeting Abstracts #225[END_REF][START_REF] Henden | Contributions of the Astronomical Observatory Skalnate Pleso[END_REF]Henden et al., 2009, https://www.aavso.org/apass) in order to obtain the stellar parameters and the metallicity estimates as described in Starkenburg et al. (2017).

NARVAL has only one spectroscopic (i.e. non-polarimetric) mode of operation available, this is the "star only" mode i.e. a single fibre on the star and no fibre on the sky. The entrance aperture is of 2. ′′ 8 on the sky. It is then sliced in three slices of about 0. ′′ 9 each, aligned on the spectrograph slit. This mode provides a resolving power R ∼ 80 000 with a spectral coverage from 370 nm to 1 050 nm, with some gaps in the infra-red region. Since in this mode we cannot subtract the sky, we selected the brightest objects compatible with the observing period and with photometric metallicity estimate below -2.0. The observations were carried out in service mode, and in dark time. The log of the observations is given in Table 5.1. Each star was observed for about 3600 s and two stars (Pristine 014.0757+28.4964 and Pristine 246.4405+15.0899) were observed twice. The spectra were reduced at the Observatoire Midi-Pyrenées with the Libre ESpRIT pipeline (Donati et al., 1997) and the reduced data were provided to us. In order to prepare the spectra for analysis we performed a post-processing in the ESO-Midas2 environment using also our own fortran codes. Each order is smoothed with a Gaussian of 6 kms -1 , to increase the S/N ratio, then rebinned to a common wavelength step of 0.0035 nm, next the central part of each order is extracted, keeping only the region with the highest S/N ratio, and making sure that there is enough overlap with the neighbouring orders. Finally all the orders are merged with a linear ramp as weighting scheme in the overlap region. Because of the smoothing the final resolving power of the spectra is R ∼ 42 000.

One example of a spectrum is shown in Fig. 5.3. A total of fifteen stars were observed, one shows a clear double line system, Pristine 230.2649+00.9137, and we classify it as SB 2. We did not perform any abundance analysis on its spectrum. 

Radial velocity

The radial velocity is measured by finding the maximum of the cross-correlation function (CCF) (Tonry & Davis, 1979) in the region of the MgI b triplet ( 515 nm to 522 nm). The first step is to normalise the observed spectrum. we selected the region of the magnesium triplet, i.e. the region equivalent to 515-522 nm to conduct the study. The correction for the barycentric velocity is provided for the spectra. For each star we computed a template. For this purpose, with the adopted stellar parameters (T eff , log g and metallicity) for each star, we computed an ATLAS 9 model (Kurucz, 2005(Kurucz, , 2017) ) that we used to compute the synthetic spectrum with SYNTHE (Kurucz, 2005). We broadened at R=42 000 the synthetic spectrum and then we did a cross-correlation of the observed spectrum with the synthetic spectrum. The correlation operation provides a peak. The location of this peak represents the radial velocity. We derived this value by fitting a Gaussian function on this peak. The error is computed as described by Tonry & Davis (1979) and to derive it, the high of the peak with respect to the local continuum, the FWHM of the peak and the noise in the continuum are taken into account. The higher and narrower peak in a low-noise local continuum provides the smaller uncertainty. The main source of the error is mainly based on the fact that a false peak can fall off centre and distort the true peak. Although the signal-to-noise ratio (S/N) is not high, the study can be carried out because the strong lines have a greater weight in the cross-correlation than the weak ones. The precision of the radial velocity is equal or less than 1 km s -1 in all cases and is provided in Table 5.2. The star Pristine 195.1494+06.5655 stands out in the sample for its high radial velocity. 

Stellar Parameters

The stellar parameters are determined thanks to the combination of the Gaia DR2 (Arenou et al., 2018;Gaia Collaboration et al., 2018) photometry and parallaxes and the Pristine photometry. The reddening effect has been corrected using maps by Schlafly & Finkbeiner (2011). The surface gravity is derived from the Stefan-Boltzman equation assuming a stellar mass 0.8M ⊙ , a reasonable value for old stars as expected in the Pristine sample (Bonifacio et al., 2019a). The uncertainty on the effective temperature we derive is of 125 K for all stars. It is due to the effective temperature step in the grid of synthetic colours used, which is of 250 K. The uncertainty on log g is within 0.5 dex and is dominated by the error on parallaxes. The calibration from Bonifacio et al. (2019a) also provides an estimate of the metallicity of the stars. For three stars the calibration fails to provide a metallicity since the star's photometry places them outside our theoretical grid: Pristine 183.1112+16.3604, Pristine 219.0145+11.6057 and Pristine 232.8856+07.8678. We nevertheless retained the T eff and log g since we verified a posteriori that they are consistent with the parameters derived from an isochrone. The stellar parameters here adopted are reported in Table A.3. For the micro-turbulence, we could not rely on the spectra to measure weak lines, due to the too low S/N. We decided to adopt 1.5 km/s for all the stars. The stellar parameters can be derived from the isochrones too. We did it to have an independent check on our adopted stellar parameters. We used the position of the star in the colour-magnitude diagram ((G BP -G RP ) 0 , G 0abs ) and compared its position to PARSEC isochrones (Bressan et al., 2012;Marigo et al., 2017) 3 of the metallicity determined from the spectroscopic analysis. An example is shown in Fig. 5.4. The effective temperature here adopted (see Table A.3) was compared to the T eff derived from the isochrone and the T eff derived from the calibration by Starkenburg et al. (2017), using SDSS and Pristine photometry. In Fig. 5.5 the comparisons are shown. The agreement between the adopted T eff with the one derived by using the isochrones (see right panel in Fig. 5.5) is extremely good, as expected since both are based on the same photometry. It is slightly worse the agreement with the effective temperature derived from the APASS gi colour (left panel), but the two temperatures are compatible within the respective uncertainties, we employed the SDSS photometry. For all but two stars in the sample, the difference in effective temperature calibration and derived from isochrones is within 100 K. For these stars there is no systematics between the two temperatures and the rms is 53 K. The two stars with a larger difference are: Pristine 014.0757+28.4964 has a difference of 198 K and Pristine 219.0145+11.6057 of more than 300 K. For the latter the difference is not significant, since the Pristine V calibration was hitting the edge of its grid at 7000 K. The left panel with the comparison of the temperature determined by the theoretical method with the effective calibration by Starkenburg et al. (2017), shows a worst agreement but still within uncertainty. There is a systematic of about +200 K between the effective temperature applied and the ones based on the Pristine + APASS photometry, with a standard deviation of about 130 K. The surface gravity derived from the isochrones method vs. the theoretical method is shown in Fig. 5.6. One can see that the un-evolved stars present a better agreement with respect to giant stars. The difference is up to -0.8 dex for the sub-giant star (Pristine 236.7635+05.4474) and for another sub-giant star (Pristine 181.8054+03.2513), it is -0.73 dex. The average difference is -0.19 dex. When removing these two stars, the average difference of the two gravity determinations is close to zero. The effect of such differences on surface gravity does not affect too much the abundances derived from neutral species (about 0.15 dex for A(Fe) derived from neutral lines in Pristine 181.8054+03.2513), while it is larger in the case of abundances based on ionised species (e.g. for Ba the difference is about 0.4 dex for Pristine 181.8054+03.2513).

The [Fe/H] we derived from the analysis of Fe i lines has been used as a proxy for the metallicity and compared to: (i) the metallicities provided by the Pristine+(gi) calibration (Starkenburg et al., 2017) 2019a) is reasonable for evolved stars (red points in the figure and providing an average difference for the five stars of 0.03 ± 0.49), while for the unevolved stars the agreement is not good (average difference for the seven stars of -0.63 ± 0.74), as already discussed in Bonifacio et al. (2019a). The comparison of the spectroscopic metallicity to the metallicity derived from the Pristine+(gi) calibration provides an average difference of 1.18 ± 0.94. Since the Pristine photometry performs quite well when combined with the Gaia photometry, we suspect that the main reason of the poor perfor-mance is the APASS photometry. The target selection has been done using APASS Data Release 9. Data release 10 has already improved the photometry with respect to DR9, yet it is known that the northern survey has a worse quality than the southern survey, mainly due to the poorer weather quality in New Mexico, with respect to Cerro Tololo (see https://www.aavso.org/apass).

Abundance analysis

The detailed chemical investigation is based on MyGIsFOS (see chapter 4). The grids used by MyGIsFOS are based on ATLAS 12 models (see chapter 4). We could analyse 13 stars and derive abundances of up to 18 elements. Detailed abundances are shown in Table 5. 5-5.7. The metallicity spans from -3.03 to -0.35; six stars end up being very metal-poor ([Fe/H] ≤ -2.0). 

each element X, A(X) = log (N(X) / N(H))+12, [X / H] = A(X)-A(X) ⊙ , and [X/Fe] = [X/H]-[Fe/H].
To calculate [X/Fe] we used the solar abundance values A(X) ⊙ , provided by Caffau et al. (2011) when available, otherwise we adopted the ones by Lodders et al. (2009) (see Table 5.4). If the element X is represented by more than one line, the adopted error is given by the ratio σ/

√

N -1 (where σ is the standard deviation and N the number of lines). In the case one single line is used to derive A(X), as error it is adopted the average or the maximum error provided by other elements. We could derive abundances for 13 stars because the Pristine 230.2649+00.9137 star is a spectroscopical binary star and the spectrum of Pristine 190.0628+09.4372 has a too low S/N (well below 10 in the hole wavelength range).

The results obtained from the chemical analysis are compared to the samples of Sophie (Caffau et al., 2015) and First Stars (Bonifacio et al., 2009). It is observed a similar behaviour for our stars and the two comparison stellar samples.

Iron abundance

For abundances derived from neutral lines, Fe from neutral lines is adopted as the reference element. This is also because there is a fairly large number of Fe i lines in the stellar spectra of late type stars. With the support of MyGIsFOS, a large number of Fe i lines with a reasonable line-to-line scatter have been derived. For abundances derived from ionised lines, as reference element Fe ii is chosen, in the case it is available. It is not possible to derive the iron abundance from Fe i lines for the Pristine 181.8054+03.2513, Pristine 205.9276+01.2366, Pristine 232.8856+07.8678, Pristine 235.0277+07.5059 and Pristine 235.0537+07.5988. The abundances of Fe derived from neutral and ionised lines are in good agreement except for the star Pristine 236.4718+15.332 whose A(Fe i) -A(Fe ii) is 0.59 dex. This is probably related to the low S/N ratio of the spectrum for this star (in all wavelength range below 16) and the fact that A(Fe) from ionised lines is based on one single line. For the final analysis we will have to carefully decide if this abundance is solid enough to deserve to be published.

Alpha elements

Magnesium abundance

The mean value of [Mg/Fe] is 0.35 dex if we do not consider Pristine 014.0757+28.4964 and Pristine 235.0277+07.5059 because they both have an over-abundance of Mg.

Silicon abundance

Only for Pristine 183.1112+16.3604 I could detect several Si i lines and derive A(Si i)=7.26±0.04.

[Si i/Fe] when compared to the SOPHIE sample is slightly low, but consistent within the uncertainties.

Calcium abundance

The results derived for calcium show a wide dispersion and range from negative to positive 5.8 (d)). We could derive A(Ti) from ionised lines for the majority (9 out of 13) of the stars and the values we derived are compatible, within the uncertainties, with the abundances derived from the neutral lines. [Ti/Fe], when A(Ti) is derived from the Ti ii lines and A(Fe) from ionised lines as well (for the stars for which we could investigate Fe ii lines), shows a large star-to-star scatter (see Fig. 5.8 (f)). It was not possible to derive Fe abundance from ionised lines for Pristine 232.8856+07.8678 and Pristine 235.0537+07.5988, so they are not included the panel (f) of Fig. 5.8. The large scatter is surely also related to the poor determination of A(Fe) from ionised lines. In Fig. 5.8 (e) we show [Ti/Fe] versus [Fe/H] when A(Ti) is from ionised lines and A(Fe) from neutral lines. In this case the star-to-star scatter in [Ti/Fe] is better than in the previous case. The tension of [Ti/Fe] when using A(Ti) from neutral and ionised Ti lines is mainly related to the Fe abundances used, from neutral and ionised Fe lines.

Odd elements

Sodium abundance

The [Na/Fe] ratio presents a large star-to-dispersion, with ⟨[Na/Fe]⟩ = -0.10 ± 0.49 dex.

The agreement with the SOPHIE sample is reasonable at the high-metallicity end. For the metal-poor stars the [Na/Fe] ratio we derived is low, compared to the SOPHIE sample, for three stars. derived is consistent with the lowest values of the SOPHIE sample.

Barium abundance

We derive Ba abundance from Ba ii lines. The [Ba/Fe] ratios show a large star-to-star dispersion (see Fig. 5.11). The Pristine 014.0757+28.4964 star shows a high [Ba/Fe] ratio. The [Ba/Fe] ratios we derived are in good agreement with the SOPHIE and First Star samples. In stars Pristine 181.8054+03.2513 and Pristine 235.0277+07.5059 it is not possible to derive the ionised iron, therefore in the plot (e) of the Fig. 5.11 they do not appear, while in the analysis of (d) in the Fig. 5.11 it is performed considering the neutral iron as a reference.

Kinematics

To derive the kinematical characteristics of our stars, the procedure adopted inside the Pristine collaboration was followed. The details are described by Sestito et al. (2019).

The code used was Galpy (Bovy, 2015), the same code we used for the kinematical investigation of the two stars described in Chapter 4, with the same potential and components for the Milky Way. The only difference with respect to the investigation on the two highspeed stars was the use of a more massive Galactic halo, corresponding to a total Galactis mass of 1.2 × 10 12 M ⊙ . We investigated the kinematical properties of our sample of stars, to combine them with the chemical analysis. We use:

■ The azimuthal action, J ϕ , also known as specific angular momentum (J ϕ = L z ) and it is equivalent to the z-axis component of a stellar angular momentum.

■ The vertical action, J z , as defined in equation 6 of [START_REF] Binney | [END_REF] and it transmits information about how far a stellar orbit pushes it out of the galactic plane.

■ The radial component of the action, J r , quantifies the radial oscillations of a star, the inwards and outwards oscillations, as defined in equation 6 of [START_REF] Binney | [END_REF].

■ The eccentricity of the orbit, ϵ.

The plot presented in Fig. 5.12 shows the azimuthal component of the action J ϕ versus the vertical component J z , colour-coded by eccentricity. These action quantities are scaled by the solar values, therefore they are dimensionless, where J ϕ⊙ = 2009.92 kms -1 kpc and J z⊙ = 0.35 kms -1 kpc. The stars of the sample are roughly evenly distributed between retrograde (J ϕ < 0) and prograde (J ϕ > 0) orbits, i.e. between -1 < J ϕ /J ϕ⊙ < 1. A small J z value means that a star remain close to the Galactic plane, and one can see that in Fig. 5.12 the majority of the stars of the sample are confined in the thick disc. Fig. 5.13 shows the azimuthal component of the action J ϕ normalised by the total action J tot vs. the difference between the vertical component and the radial component of the action (J z -J r ) normalised by the total action J tot . The colour coded is the eccentricity of a given stellar orbit. All the points must be confined inside the circle of unitary radius. The disk is confined in the region where J ϕ /J tot ∼ 1 and (J z -J r )

J tot ∼ 0. Fig. 5.15,Fig. 5.16,Fig. 5.17 and Fig. 5.14 show the projection of the orbit of the stellar sample along the Cartesian planes. The orbit is denoted by the blue line, the star at the present time is denoted by the blue dot, the green dot is the Sun, the galactic centre is denoted by the black cross, and the Galactic plane is denoted by the circle at a radius of 15 kpc. The grey lines are just a randomisation around the derived values, just to see if the orbit is consistent and stable with the blue line. By the way, the blue line traces the orbit of the star going 1 Gyr in the past and 1 Gyr in the future.

As a rough criteria for separating the Galactic disc and halo, we look at Z max , the distance from the epicentre and the prograde or retrograde motion, without dividing the disc into thick and thin by chemistry. In consequence, the disk-like stars (prograde, J 

Discussion

In this section we discuss three interesting stars of the sample.

⋆ Pristine 014.0757+28.4964 Pristine 014.0757+28.4964 is a sub-giant star that has a metallicity of -3.03 and it is the poorest in metals of the analysed sample. It shows high content in Mg, Ca and Ba. Nevertheless, it presents normal ratios of [Cr/Fe] and [Na/Fe]. The only extremely metal-poor (EMP) star in the sample is confined in the plane and its maximum excursion in the vertical direction is Z max =0.955 kpc. It has a high value of the eccentricity but it is well confined in the thin disk. This star confirms that EMP stars could have disc orbit.

⋆ Pristine 246.4405+15.0899 Pristine 246.4405+15.0899 is a hot star and belongs to the Horizontal Branch. It could be a RR Lyrae. Its kinematic indicates that it is located in the outer halo. RR Lyr stars are named after their prototype. Although initially classified on the base of the morphology of their light curves (see e.g. Diethelm, 1983), they are now under-stood as Horizontal Branch stars, that is metal-poor stars that burn He in the core and H in a shell, that are pulsationally unstable. RR Lyr stars have a period-luminosity relation that makes them powerful distance indicators. ⋆ Pristine 219.0145+11.6057 The parameters of the Pristine 219.0145+11.6057 star could indicate that this is a lambda Bootis star. We could not detect ant variability in the star.

Several definitions of λ Boo stars can be found in the literature (Faraggiana & Gerbaldi, 1998), we here adopt a slightly modified version of the definition proposed by Paunzen et al. (1997): Pop I unevolved stars of spectral type A-F that show underabundances with respect to the Sun of all elements, except for C,N,O and S, that have solar abundances. The causes of the λ Boo phenomenon are widely debated in the literature, the most popular is that the abundance anomaly is due to dust-gas winnowing (Venn & Lambert, 1990), although Faraggiana & Bonifacio (1999) argued that this can only marginally explain the very diverse spectral anomalies observed in λ Boo stars and suggested that they are binary stars whose spectra are incorrectly interpreted as single stars. 

I N T RO D U C T I O N

The early Universe (about 12.5 Gyr ago or more, corresponding to a redshift z > 5) was poor in elements heavier than Helium (Pallottini, Gallerani & Ferrara 2014), since in such limited time only few generations of massive stars could enrich the medium with their nucleosynthetic products. The low-mass (less than 1 M ) E-mail: elisabetta.Caffau@obspm.fr stars that formed at that time thus tended to be very metal-poor (VMP, [Fe/H] ≤ -2) or extremely metal-poor (EMP, [Fe/H] ≤ -3). Thanks to their long lifetime, such objects are still observable today, with a photospheric chemical content which is the one of the gas cloud from which they formed. These pristine stars are thus extremely valuable probes into the early stages of the Milky Way (MW) evolution (Freeman & Bland-Hawthorn 2002;Karlsson, Bromm & Bland-Hawthorn 2013).

It was long believed that these stars tended to occupy pressuresupported orbits in the MW spheroidal components (halo and 4678 E. Caffau et al. bulge), with the outer halo preferentially constituted by objects accreted from tidally destroyed dwarf galaxies [START_REF] White | Proc. MPA/ESO Workshop Held[END_REF]Brook et al. 2007;Gao et al. 2010;Salvadori et al. 2010;Tumlinson 2010;Ishiyama et al. 2016;Starkenburg et al. 2017b;El-Badry et al. 2018;Griffen et al. 2018). However, recent studies exploiting the exquisite astrometric solutions from Gaia Data Release 2 (DR2, Gaia Collaboration et al. 2018) showed how a significant fraction of EMP stars does in fact inhabit the MW plane (Sestito et al. 2019(Sestito et al. , 2020;;Di Matteo et al. 2019) rising questions on the formation of the MW disc, and on the Galaxy in general.

The EMP stars are very rare objects and large amounts of observing time are required to find them. To this end, several projects were devised to observe a relatively large sample of stars via low-resolution spectroscopy, followed up by high-resolution observation of the most promising candidates (see e.g. Beers, Preston & Shectman 1985, 1992;Christlieb et al. 2008;Caffau et al. 2013b). Anthony-Twarog et al. (2000, and references therein) used a narrow-band filter centred on the Ca II HK lines, combined with Strömgren filters, to determine the metallicity of MP stars. This approach was effective, however it relied on a pre-selection of candidates (in that case from objective prism spectra) and the photometry had to be acquired one star at the time. The situation changed drastically when narrow-band filters of large size that could be coupled with wide-field imagers, became available. The first instrument that could perform such a survey was the SkyMapper Telescope that started the still on-going SkyMapper Southern Sky Survey (Keller et al. 2007;Wolf et al. 2018). With a field of view of 5.7 sq deg, this survey plans to cover all of the southern sky in five wide bands and one narrow band centred on the Ca II HK lines. In this case, the metallicities can be determined for all stars in the field and MP stars can be selected for follow-up spectroscopy. Among the highlight results of the SkyMapper Southern Sky Survey, we may cite the discovery of SMSS J031300.36-670839.3 (Keller et al. 2014), currently the star with the lowest upper limit on its iron abundance; the discovery of the most MP stars yet found in the Galactic Bulge (Howes et al. 2015); and the discovery of SMSS J160540.18-144323.1 (Nordlander et al. 2019a), currently the star with the lowest measured iron abundance. Recently, Da Costa al. (2019a) have presented the results of the low-resolution follow-up of the SkyMapper Southern Sky Survey for a sample of stars that is over an order of magnitude larger than the much smaller sample presented here.

Photometric observations, are much less time consuming than single object spectroscopy: more stars are observed at the same time, and fainter objects can be observed with the same telescope size and integration time. However, MP and EMP stars show in their spectra only a relatively small number of metallic lines. This causes all broad-band photometric metallicity indicators to saturate at low metallicity, becoming unusable. Photometric observations that aim at detecting EMP stars need thus to resort to narrowband photometry centred around strong metallic features. In the low-resolution regime (resolving power on the order of 2000), in the spectrum of an MP star even the (usually very strong) lines of the Mg Ib triplet or the infrared Ca II triplet can become barely detectable. The 392 nm Ca II-K line, on the other hand, remains usually visible in the low-resolution spectrum of EMP stars. This strong indicator of the Ca content of a star can thus be used as a metallicity indicator when narrow-band photometry centred at about 395.2 nm is used, and MP candidates can be successfully selected this way.

In the Pristine project (Starkenburg et al. 2017a), we use a narrow-band filter centred on the Ca II-H and -K lines (CaHK), in conjunction with wide-band photometry, as a means to obtain metallicity estimates. The CaHK photometry is taken with the widefield imager MegaCam mounted on the Canada-France-Hawaii Telescope (CFHT). Previously the wide band photometry was taken from the Sloan Digital Sky Survey (SDSS; York et al. 2000) as in Youakim et al. (2017). The selection was already extremely good with a success rate of about 22 per cent for stars with [Fe H] < -3 (see Youakim et al. 2017). In Bonifacio et al. (2019), we have derived a new calibration where the CaHK photometry is combined with Gaia photometry from DR 2 and we also take advantage of the parallaxes to deduce the surface gravity, and therefore the evolutionary status of each star. For short, we shall refer to this calibration as PristineV in the following since it was introduced in Bonifacio et al. ( 2019), the fifth paper of the series. Very recently, Aguado et al. (2019a) analysed about 1000 low-resolution spectra of stars selected with the Pristine photometry, and could confirm the high success of this search for MP stars based on photometry.

From a sample of 115 Pristine candidates observed at high resolution, Venn et al. (2020) derived detailed chemical abundances for 28 newly discovered MP stars. The discovery of Pristine 221.8781+9.7844, the second star known to have [Fe/H] < -4.5 and with no evidence of enhancement in carbon (Starkenburg et al. 2018), further demonstrates the efficiency of Pristine in selecting EMP candidates.

In this paper, we describe the analysis of a sample of MP candidates observed with FORS2 (Appenzeller et al. 1998) at the ESO VLT Antu 8.2 m telescope. Analysing the FORS2 spectra, we were able to derive a metallicity for 135 stars and, for the less MP stars, with the better quality spectra (high signal-to-noise ratio, S/N), we could also derive detailed abundances (C, Mg, Ca, Ti, Ni, Sr, and Ba). For the stars with detailed chemical composition, the S/N per pixel at 500 nm was always higher than 60, and in the majority of the cases higher than 80.

T H E F O R S S A M P L E

Target selection

The purpose of these observations was to verify, and possibly improve, the photometric calibration in the very MP regime. For the observations in ESO periods 100 and 101 we used the catalogue of Pristine photometry, as available up to March 2017. The CaHK photometry was combined with SDSS gri photometry, as described in Starkenburg et al. (2017a) and Youakim et al. (2017), to estimate effective temperatures and metallicities. We selected stars with g 17 and estimated photometric metallicity ≤-2.5, no condition was set on the temperature of the stars.

In ESO period 103 the PristineV calibration became available and we used it to select brighter stars with photometric metallicity ≤-2.5. In this period, we observed 57 stars in the magnitude range 12 < G < 15 and 17 with 15 ≤ G ≤ 17. The sample in ESO period 103 is also somewhat biased in favour of cool giants, where we expected the PristineV calibration to work better.

The sample has thus not been selected with a clean and welldefined selection function. The location of the selected stars in the PristineV colour-colour diagram is shown in Fig. 1. The colours have been dereddened, as described in Starkenburg et al. (2017a), using the maps described in Schlafly & Finkbeiner (2011).1 

Observations

The observations were acquired in service mode at the ESO Antu 8.2 m telescope with the FORS2 instrument. We took long-slit spectra using GRISM 600B+22 with a 0.28" wide slit that provides a resolving power R ∼ 2800. The spectral range covered is 330-621 nm. We used a 1×1 binning of the CCD, corresponding to 0.075 nm pixel -1 , to avoid undersampling in the blue spectral range. Exposure time was 2762 s for each star. For one star, Pristine 254.5655+13.1590, the observation was repeated twice since the first spectrum was deemed of insufficient quality. Both spectra were subsequently used by co-adding them. The program was designed as an 'all-weather' one, allowing to exploit also unfavourable observational conditions. Unsurprisingly most observations were executed in bright time, with poor seeing and transparency conditions. In spite of this, most of the spectra are of good quality, thanks to the large light collecting power of VLT.

The spectra were acquired in three ESO programmes: 0100.D-0559, 0101.D-0227, and 0103.D-0128. In programme 0100.D-0559, 23 out of 48 OBs were executed and 19 spectra were analysed; in programme 0101.D-0227, 43 out of 60 OBs were executed and 41 spectra were analysed; during programme 0103.D-0128, 75 OBs were executed and the 75 spectra (a spectrum for each OB) of 74 stars analysed.

A total of 135 spectra were analysed. Seven were discarded due to poor quality, 30 were used to determine metallicity only, and 98 were used for a full chemical analysis where abundances were determined for several elements. are the values suggested by the PARSEC isochrones site http://stev.oap d.inaf.it/cgi-bin/cmd (Bressan et al. 2012).

ANALYSIS

Radial velocities

The radial velocities were derived by template-matching (see e.g. Koposov et al. 2011, and references therein). As template for each star we used a synthetic spectrum computed with the parameters derived (see Section 3.3). Before performing the match the spectrum was normalized using as continuum estimate a maximum filter with a 25 pixels kernel. The procedure was iterative, a first guess of the radial velocity was derived using the photometric estimate of the metallicity. This allowed to shift the spectrum to zero radial velocity to perform the chemical analysis. The final radial velocity, reported in Table 3, was derived using a template with the spectroscopic metallicity. In Table 3, we report the statistical error on the radial velocity, δV st , that reflects the S/N ratio of the spectrum and is estimated from the χ2 of the spectrum-template match. On average, at similar metallicity, the cooler stars have a lower statistical uncertainty because their spectra contain more lines than the warmer stars.

FORS2 is mounted at the Cassegrain focus and suffers from flexures that depend on the zenith distance, as documented in the FORS2 user manual. 2 In Table 3, we report the maximum radial velocity shift, δV sy , for the zenith angle at which the star was observed. This is similar to what we did in Caffau et al. (2018), where we used a different grism.

Another source of systematic error in our radial velocities is the change in temperature and pressure between the time in which each spectrum was taken and the time at which the calibration arc was taken (usually in the day following the observation).

Finally one should keep in mind that with the grism we are using, decentring the target on the slit by 0.1 arcsec implies a shift of about 38 kms -1 in radial velocity. We have no telluric absorption lines in our spectra, so there is no hope of correcting for this effect. We are observing with a slit that is at least a factor of three narrower than the seeing during the observations, for a long exposure. We may therefore hope that both the seeing and errors in tracking contribute to a uniform illumination of the slit. This would make the decentring errors small.

In order to have an external comparison on our radial velocities we searched in SIMBAD 3 for matches with our stars, we found nine matches, of which four have published radial velocities. The data available for these four stars are summarized in Table 1. If we compare our measured radial velocities with the published radial velocities, we find a mean offset of 17 kms -1 and a standard deviation of 15 kms -1 . In principle the offsets both for flexures and difference in temperature and pressure should be corrected by using the sky emission lines in the spectra. In our spectra, the most prominent sky emission line is [O I] 557 nm. We measured the position of eight unblended emission lines on the sky spectrum of each of the four stars in Table 1 and cross-correlated the measured positions with the catalogue of sky emission lines of Hanuschik (2003). In this way, we determined a shift to be applied to each measured radial velocity, ranging from -25 to +20 kms -1 . After applying this correction the comparison with the external radial velocities becomes worse, the offset is still around 17 kms -1 , but the standard deviation rises to 33 kms -1 . The comparison is based on a limited size sample, however there is a clear indication that applying the correction derived from sky emission lines does not improve the accuracy of the radial velocities.

Orbital parameters

We infer the orbital parameters for the stars with [Fe H] ≤ -2.5 in order to verify if such low-metallicity stars can inhabit the thick disc region as discovered by Sestito et al. (2019Sestito et al. ( , 2020) ) and Di Matteo et al. (2019). We follow the Bayesian inference methods described in Sestito et al. (2019) in order to calculate the distances and the orbital parameters of our sample. For the calculation of the orbits we use GALPY package (Bovy 2015), and we choose the MWPotential14 as the MW gravitational potential enhancing the mass of the halo, with a mass of 1.2 × 10 12 M compatible with the value from Bland-Hawthorn & Gerhard (2016) (versus 0.8 × 10 12 M for the halo used in MWPotential14). We assume 8.0 kpc as the distance between the Sun and the Galactic centre, that the local standard of rest circular velocity is V c = 239 kms -1 , and that the peculiar motion of the Sun is: U 0 = 11.10 kms -1 , V 0 +V c = 251.24 kms -1 , and W 0 = 7.25 kms -1 , as described in Schönrich, Binney & Dehnen (2010). The kinematics of the stars are discussed in Section 4.1.

Stellar parameters and chemical abundances

We used the Gaia parallax, combined with the Gaia G photometry, to derive the surface gravity, due to the fact that the stars are relatively bright, so they have generally accurate parallaxes. We then used the PristineV calibration to derive effective temperature and metallicity. Four of the stars have negative parallaxes, Pristine 180.1247+03.4435, Pristine 228.1376+12.2612, Pristine 233.5160+15.9466, and Pristine 247.2527+05.6626. For these stars we adopted the distances derived by Bailer-Jones et al. (2018), that are derived using a Bayesian approach using an exponentially decreasing star density. The uncertainty on the effective temperature we derive is of 125 K for all stars. It is due to the T eff step in the grid used, which is of 250 K. For the gravity, the uncertainty is related to the uncertainty on the parallax. For the stars for which we derive detailed abundances, the uncertainty on log g is within 0.5 dex, except for four stars (Pristine 149.5692+15.4688, Pristine 186.6431+02.5876, Pristine 209.5181+09.3536, and Pristine 251.2069+14.7890) for which the uncertainty was up to 1 dex. Obviously, for the stars for which the uncertainty in the parallax is larger than the parallax itself, there is no lower limit in the gravity. With these values of effective temperature and gravity, to derive the abundances or the metallicity, the secured spectra have been analysed with MyGIsFOS (Sbordone et al. 2014), an automatic pipeline that compares the profile of each selected feature to a grid of pre-computed synthetic spectra. The grid we used have been computed with SYNTHE (see Kurucz 2005;Sbordone et al. 2004) and based on grids of ATLAS 12 models (Kurucz 2005). Due to the wide parameter space, we have four grids for MP dwarf, subgiant and giant stars and for metal-rich dwarf stars. Their characteristics are:

(i) MP giants T eff : range from 4000 to 5200 K, step 200 K; log g: range from 0.5 to 3.0, step 0.5; microturbulence: from 1 to 3 km s -1 , step 1 km s -1 ; α-enhancement: from -0.4 to +0.4, step 0.4; metallicity: from -4.0 to -1.0, step 0.5.

(ii) MP subgiants T eff : range from 5200 to 5600 K, step 200 K; log g: range from 2.0 to 3.5, step 0.5; microturbulence: from 1 to 3 km s -1 , step 1 km s -1 ; α-enhancement: from -0.4 to +0.4, step 0.4; metallicity: from -3.5 to -1.0, step 0.5.

(iii) MP dwarfs T eff : range from 5600 to 6400 K, step 200 K; log g: range from 3.0 to 4.5, step 0.5; microturbulence: from 0 to 2 km s -1 , step 1 km s -1 ; α-enhancement: from -0.4 to +0.4, step 0.4; metallicity: from -4.0 to -1.0, step 0.5.

(iv) Metal-rich dwarfs T eff : range from 5600 to 6400 K, step 200 K; log g: range from 3.0 to 4.5, step 0.5; microturbulence: from 0 to 2 km s -1 , step 1 km s -1 ; α-enhancement: from -0.4 to +0.4, step 0.4; metallicity: from -1.0 to +0.5, step 0.5.

As solar abundances we used the values listed in Table 2, because these values reproduce well the sound speed in the Sun as determined by helioseismic observations (Antia & Basu 2011).

For the chemical analysis of each star, effective temperature and surface gravity are kept fixed and the abundance from each feature (line or, in the case of low resolution, also blends of lines) is derived by χ 2 minimization. The microturbulence (v t ) Pristine XI 4683 in the same way, produced a sample of 72 MP stars all α-enhanced (see Caffau et al., in preparation) as expected for stars in the lowmetallicity regime. A high-resolution follow-up for some of these α-normal, MP stars would be desirable, to confirm or refute the results from our low-resolution spectra. We could investigate C, Ca, Ti, Cr, Fe, Ni, Sr, and Ba, according to the quality of the spectra and the abundances of the stars. For few stars we could derive the abundance of three elements (Ca, Ti, and Fe) from neutral and singly ionized elements. The comparison, presented in Fig. 6, shows a general good agreement, confirming also the adopted surface gravity. For the most MP stars with a complete chemical investigation (first part of Table 3), the only Ca I line we could detect, at 422.6 nm, leads to an underestimation of A(Ca) in LTE but also taking into account the departure from LTE (NLTE, see Spite et al. 2012;Mashonkina et al. 2017) and for this reason in the figure there is a hint of plateau at A(CaK) of about 3.6 for A(CaI) < 4. The fact that the A(Ti) abundance derived from Ti II lines is systematically larger than when derived from Ti I lines can be explained by NLTE effects (see figures 1 and 6 by Mashonkina, Sitnova & Pakhomov 2016). The small NLTE effects on Fe I lines (Mashonkina et al. 2016) explain the good agreement between the A(Fe) derived from Fe I and Fe II lines.

Abundances or upper limits on carbon could be derived for all the 98 stars for which we have a detailed chemical investigation, and also four A(C) measurements and 12 upper limits could be derived for stars with only a metallicity determination. Two stars (Pristine 229.5434+10.6323 with [Fe/H] = -1.64 and Pristine 248.3014+09.7034 with [Fe/H] = -2.07) are carbon-enhanced metal-poor (CEMP) stars, both belonging to the high C band as defined by Spite et al. (2013). Star Pristine 229.5434+10.6323 is also highly enhanced in Ba.

For a very few stars we could also derive the N abundance. The majority of the measurements are uncertain, due to the low resolution, and we could derive it only for the cooler stars, which happen to be all in the MP regime. In Fig. 7, we compare [C/Fe], [N/Fe], and also [(C+N)/Fe] to the high-quality spectra done by Spite et al. ( 2005). Clearly the star-to-star scatter in our sample is much larger, but we see a very similar pattern. From the figure, it is clear that the large star-to-star scatter in [N/H] is much reduced when looking at [(C+N)/Fe]. In fact some of the luminous stars went through the second dredge-up so that their C abundance is reduced, while the N abundance is enhanced. In Fig. 8, [C/Fe] and [(C+N)/Fe] are plotted as a function of surface gravity, as a proxy for luminosity. There is a trend for lower [C/Fe] for the more evolved stars, which disappears in the case of [(C+N)/Fe], as expected from the theory of stellar evolution.

For a small subsample of stars, we could derive the abundances of Cr and Ni (see Fig. 9) and of Sr and Ba (see Fig. 10).

D I S C U S S I O N A N D C O N C L U S I O N S

Kinematics

Looking at the kinematics of the stars with [Fe H] ≤ -2.5, we find that only three stars have a maximum excursion z max < 4 kpc from the MW plane. (2017), the fact that a star belongs to a given kinematic group does not allow by itself to decide if the star has been accreted or has been formed in situ. A major merger occurring after the thick disc is formed, heats the thick disc and some thick disc stars can end up in retrograde orbits. Stars from the merging galaxy, can occupy the same kinematic group. It is thus impossible to speculate on the origin of these retrograde stars. Yet we may confidently assign the two above stars on prograde orbits to the thick disc. We thus find only two stars, out of 55, with [Fe H] ≤ -2.5, Pristine 253.2195 + 11.3874 and Pristine 239.0673 + 04.4411, that belong to the thick disc. This fraction is lower than the percentage found by Sestito et al. (2019Sestito et al. ( , 2020) ) and Di Matteo et al. (2019). Were this sample similar in behaviour, we should have expected about 14 thick disc stars. The orbital parameters for the stars with [Fe H] ≤ -2.5 are provided as online material.

Abundances: α-elements

One interesting result of this study is that some MP stars in our sample appear not to be enhanced in α-elements. In Fig. 11, the average of [Mg/Fe] and [Ca/Fe] is used as a proxy for α and shown as a function of [Fe/H]. Some of the stars really appear poor in α elements. These stars are, on average, both more α-poor and MP than the sample of Nissen & Schuster (2010). The existence of αpoor MP stars is not a new result (Ivans et al. 2003;Cohen et al. 2013;Caffau et al. 2013a;Susmitha Rani et al. 2016; Bonifacio et al. 2018 ;Franc ¸ois et al. 2018), but their number is steadily increasing. In Fig. 12, [Mg/Fe] as a function of [Fe/H] for our sample of stars is compared to two reference samples: the Mg abundance derived by Andrievsky et al. (2010) in the sample from First Stars ESO Large Programme (Cayrel et al. 2004) and to the sample from Nissen & Schuster (2010). Our sample is, on average, more metal-rich than the sample by Andrievsky et al. (2010) and more MP than the sample of Nissen & Schuster (2010). There is anyway a general agreement for the MP, α-normal population. Haywood et al. (2018), in the light of the Gaia DR2 data, have argued that the low-α stars in the Nissen & Schuster (2010) sample were formed in a massive satellite galaxy, that underwent a major merger with the MW (see also Belokurov et al. 2018;Helmi et al. 2018). The high-α sequence, instead, corresponds to the thick disc. Both for the Nissen & Schuster (2010) and from other data in the literature it is clear that the two sequences merge at low metallicity and the two populations become equally α enhanced (also see the recent dynamical analysis of MP dwarfs in the outer halo by Monty et al. 2019). The low-α stars in the present sample seem to belong to a different population with respect to the Nissen & Schuster (2010) low-α stars, except, perhaps, for Pristine 233.5763+03.4486 and Pristine 245.9038+05.939, that, within errors, are compatible with the Nissen & Schuster (2010) low-α sequence. Unfortunately, we obtain large uncertainties on the orbital parameters for the most α-poor ([Ca Fe] ≤ 0.1) stars, except for Pristine 250.2762 + 09.2517 (the Ca abundance is from the Ca II-K line), where we can classify it as an inner halo star in prograde motion.

At the other end of the Mg abundances Pristine 249.1867+05.9980 is extremely enhanced in Mg and also in Ca. Not as Mg enhanced as CS 22949-037 (Depagne et al. 2002;Norris et al. 2002) or SDSS J1349+1407 (Bonifacio et al. 2018), nor is the [Mg/Ca] ratio as high. Also Pristine 250.2762+09.2517 has a very high [Mg/Ca] ratio, however its [Ca/Fe] is close to zero according to the CaII K line.

Abundances: Ca

In Fig. 13, the comparison between the A(Ca) derived from the Ca II-K line and the photometric metallicity is shown. Due to the difference in the selection strategy, filled symbols represent stars observed in ESO period 103, while open stellar symbols represent observations of ESO periods 100 and 101. We also divided the stars in evolved (log g < 3.0) and unevolved (log g ≥ 3.0) stars. This is a rough division, just to highlight (as already mentioned by Bonifacio et al. 2019) that the metallicity estimate here used is very efficient for giants, but it is not effective for dwarf stars. The photometric abundances used to select the stars observed in ESO period 103, thus taking advantage of the Gaia parallaxes, agree better with the spectroscopic metallicities. 

Abundances: heavy elements

We compared our stars with measurable Sr and Ba for stars with [Fe H] ≤ -1.6 with the literature and we could find a similar behaviour (see Fig. 14) for [Sr/Ba] versus [Ba/Fe]. The star in the lower right side of the plot (Pristine 229.5434+10.6323) is in fact a CEMP star. Few stars of our sample appear in the underpopulated space on the lower right panel; they could be interesting and higher resolution follow-up would be desirable. This clear upward trend of [Sr/Ba] with decreasing [Ba/Fe] well visible in the figure was investigated for high-resolution observations (see e.g. Spite et al. 2005Spite et al. , 2014) ) and recently also for low-resolution observations (Caffau et al. 2018). This finding confirms once more the earlier conclusions by Mashonkina et al. (2017), who stated that [Sr/Ba] of the VMP stars in the MW and classical dSphs reveal two branches in the [Sr/Ba] versus [Ba/H] plane, but not simply a scatter of data.

Success rate

In this work, we analysed a sample of stars selected with photometry, by using the narrow-band CaHK Pristine photometry associated with the wide-band Gaia photometry and Gaia parallaxes. During the first two observing periods, the Gaia parallaxes were not available and we had to rely only on colours for the selection. Nevertheless the efficiency of selection of MP stars is very high. Spite et al. (2005), and the black diamonds are CEMP stars from the literature (Aoki et al. 2001;Barbuy et al. 2005;Sivarani et al. 2006;Behara et al. 2010;Spite et al. 2013;Yong et al. 2013). The black star is the CEMP star SDSS J0222-0313 (Caffau et al. 2019). The black horizontal dashed line is the r-only solar value for [Sr/Ba] according to Mashonkina & Gehren (2001). Normal stars are in the upper left part of the diagram, sharing the surface with CEMP-no stars; CEMP-s stars are in the lower right part of the diagram.

Of the 54 stars observed in ESO periods 100 and 101, 17 have a metallicity that is below -2.5, i.e. a success rate of 31 per cent. This success rate is lower than what reported in Aguado et al. (2019a), however this sample, as can be appreciated in Fig. 13, was selected to be heavily biased towards the stars with photometric metallicity estimate below -3.5, where the calibration is more uncertain and we have a higher rate of contamination. On the other hand for the stars observed in ESO period 103, 56 out of 74, i.e. 76 per cent have a metallicity below -2.5. This shows the importance of relying on parallaxes, that allow to break the degeneracy of the dependence of the CaHK magnitude on surface gravity and metallicity. This fraction boosts to 81 per cent if we restrict the sample to the stars with log g ≤ 3.0. The reason for this difference is illustrated in Fig. 15 where we show the run of the CaHK colour as a function of log g for T eff = 5000 K and three different metallicities and one can appreciate that the lines get closer together at higher gravities. These numbers, particularly for the stars with log g ≤ 3.0, are very similar to the success rate of the SkyMapper EMP survey (see Da Costa al. 2019a).

The drawback of using parallaxes is that one is limited to the volume where good parallaxes are available. Thus the calibration using parallaxes and the ones that use only colours are complementary. Unsurprisingly, for the stars selected in ESO periods 100 and 101, some of which have poor parallaxes, the calibration that uses Gaia colours and parallaxes performs much more poorly than on stars observed in ESO period 103, that have been selected to have parallaxes with relative error less than 33 per cent.

We computed the absolute value of the difference between the Fe abundance and the photometric metallicity, derived from our calibration Fe = |([Fe H] -Met PV )|. It is theoretically expected that at lower gravity the CaHK colour is more sensitive to metallicity, as can readily be inferred from Fig. 15. This is further enhanced by the fact that the lower gravity stars are also cooler, as can be appreciated from figure 11 of Bonifacio et al. (2019), that shows how the PristineV calibration is more sensitive for cooler stars. To confirm this theoretical prediction of better performance of the PristineV calibration for giant stars, we divided the log g range 0.9-4.9 in four bins of 1 dex and resulting that the Fe was increasing from lower to higher log g values:
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(i) log g 0.9-1.9: Fe = 0.22 ± 0.24 (36 stars); (ii) log g 1.9-2.9: Fe = 0.49 ± 0.33 (18 stars); (iii) log g 2.9-3.9: Fe = 0.67 ± 0.61 (34 stars); (iv) log g 3.9-4.9: Fe = 0.88 ± 0.90 (27 stars).

While the stars observed in ESO period 103 have all accurate parallaxes, this is not the case for the stars observed in the other two periods. Of the 54 stars, four have negative parallaxes, 24 have a relative error on parallax / ≥ 0.33 and 24 have a relative error on parallax less than 0.33. However, the stars with good parallaxes observed in ESO periods 100 and 101 are all dwarfs or TO stars, thus in the T eff , log g range where the PristineV calibration performs worst. It is thus not surprising that the overall performance of the PristineV calibration is better for the stars observed in ESO period 103. To quantify the performance of the PristineV calibration we use the Ca abundance derived from the Ca II-K line that is available for 127 out of 128 stars for which abundances have been derived. For the comparison we subtract 0.4 dex to the Ca abundance to take into account the general α-enhancement in MP stars. Ca = ([Ca/H] -0.4 -Met PV ). Clearly this latter is misleading in the metal-rich regime, but the focus here is on the MP stars. In period 103 we observed 52 stars with log g ≤ 3.0 and for these stars < Ca > = -0.09 with a standard deviation of 0.27 dex. For the 22 stars with log g >3.0 instead we have < Ca > = +0.5 with a standard deviation of 1 dex. In the other two periods we observed 12 stars with log g ≤ 3.0 and < Ca > = -0.5 with a standard deviation of 0.9 dex. Of the 42 stars with log g > 3.0 analysed in ESO periods 100 and 101 only 40 have both a metallicity from the PristineV calibration and a Ca abundance from the Ca II-K line, for these stars we find < Ca > = -0.8 and a standard deviation of 0.5 dex. If we further restrict to the 26 stars that have a relative error on parallax better than 0.33 we find < Ca > = -0.7 and again a standard deviation of 0.5 dex.

The above analysis shows that the PristineV calibration provides metallicities that are accurate to 0.3 dex, with hardly any significant offset, for giant stars that have an accurate parallax. On the other hand for TO and dwarf stars the calibration has a poor performance, whatever the accuracy of the parallax.

C-enhanced stars

Among the stars with a full chemical analysis, we found two (Pristine 229.5434+10.6323, [Fe/H] = -1.64 and Pristine 248.3014+09.7034, [Fe/H] = -2.07) that are CEMP stars (according to the criterion [C/Fe] ≥ 1), one of which (Pristine 229.5434+10.6323) is also Ba-rich. Among the stars that have only the metallicity from the Ca II-K line we found seven further stars (Pristine 134.5085+15.3492, Pristine 134.8974+18.1561, Pristine 193.4392+06.2295, Pristine 220.7009+13.1405, Pristine 225.4126+06.9134, Pristine 233.5160+15.9466, and Pristine 239.0673+04.4411) with [C/Fe] ≥ 1.0, therefore a total of nine CEMP stars. Six of these belong to the 'low-carbon band', according to the definition of Bonifacio et al. (2018), while the three remaining ones, Pristine 229.5434+10.6323, Pristine 220.7009+13.1405, and Pristine 225.4126+06.9134, belong to the 'high-carbon' band. Since the Pristine CaHK filter is largely free from contamination from features of any carbon-bearing molecules our selection should be unbiased with respect to C abundance (see Starkenburg et al. 2017a). In principle one may thus use our sample to estimate the frequency of CEMP stars. We have 90 stars with [Fe/H] ≤ -2.0 of which 7 CEMP, and 55 stars with [Fe/H] ≤ -2.5, of which 3 CEMP. This provides a frequency of 8 per cent and 5 per cent, respectively. If we adopt the criterion [C/Fe] ≥ 0.7 to define the CEMP stars, to compare to the results of the much larger sample of Aguado et al. (2019a), we find three stars, out of 28 with -3 < [Fe H] < -2, i.e. 11 per cent and four, out of 13 with [Fe H] < -3, i.e. 31 per cent to be compared to 41 per cent and 58 per cent respectively found in Aguado et al. (2019a). By adopting the percentages of Aguado et al. (2019a), we should expect about 11 CEMP stars in the iron range -3 < [Fe H] < -2 and more than 7 in the range [Fe H] < -3. Our frequencies of CEMP stars are also much lower than those provided by Placco et al. (2014), using the [C/Fe] ≥ 1 criterion, i.e. 24 per cent for both [Fe/H] ≤ -2.0 and -2.5. We compare to the 'uncorrected' numbers in table 1 of Placco et al. (2014) since we applied no correction to the measured C abundance in giants with log g < 2.0. Even if we restrict ourselves to the 'low-carbon' band sample, and compare to the numbers of Placco et al. (2014) that do not take into account CEMP-s and CEMP-r/s stars, that lie on the the 'high-carbon' band, our frequencies are definitely lower. We find 7 per cent for stars with [Fe/H] ≤ -2.0, to be compared to 10 per cent in Placco et al. (2014) and 4 per cent for stars with [Fe/H] ≤ -2.5, to be compared to 13 per cent in Placco et al. (2014). By adopting the percentages of Placco et al. (2014), we should find nine CEMP stars for [Fe/H] ≤ -2.0 and seven for [Fe/H] ≤ -2.5.

The low frequency of C-enhanced stars in our sample may be an indication that the Pristine filter has some sensitivity to the carbon abundance and that by selecting low-metallicity stars we select against C-enhanced stars. Although the head of the CN B 2 + -X 2 + (0 -0) band at 388.3 nm is cut-off by the filter, there In chapter 3 the focus of the analysis was the chemical and kinematic investigation in order to find (if existing) any chemical peculiarity in the stars poor in Li when compared to the stars with A(Li) on the Spite plateau. Among the Li-poor stars, we concluded that one star with no Li detection is a blue straggler star, and so the Li was destroyed during the merging. The other two stars characterised by low, but still present lithium, do not show any (chemical or kinematic) distinction with respect to the Li-normal stars considered. In this respect no star in the sample showed any peculiarity. But on the contrary, among the Li-normal stars: HE 1413-1954 is a CEMP star; the star CS 30302-145 is poor in the α elements and rich in Mn. We noted that two stars with a metallicity higher than [Fe/H]=-2.8 and known to have a low Li upper-limit, compatible with no Li (G122-69 and G139-08) are also probably blue-stragglers.

The conclusions of this investigation are based on a very limited sample, it will be a clear progress to be able to confirm, or refute, them with a sample that is at least a factor of ten larger than what presented here. Fortunately such a sample shall be available in the next few years. The large spectroscopic surveys conducted by 4.2-m William Herschel Telescope (WHT, Murdin, 1982) Enhanced Area Velocity Explorer (WEAVE, Dalton et al., 2020) 1 and 4-metre Multi-Object Spectroscopic Telescope (de Jong et al., 2019, 4MOST)2 will provide large numbers of extremely metal-poor stars and both instruments will cover the Li I doublet spectra region at a resolving power R ∼ 20 000, that will be sufficient to measure the Li abundance, or provide sgnificant upper limits. Both surveys will use ancillary data to pre-select metal-poor stars thus boosting their numbers in the survey. For WEAVE the preselection will be mainly based on the Pristine narrow band photometry (Starkenburg et al., 2017, see Chapter 5), 4MOST will rely mainly on SkyMapper narrow band photometry (Keller et al., 2007;Wolf et al., 2018). Both surveys will complement the narrow band data with data available from lower resolution spectroscopic surveys.

⋆ Stars at high speed

Chapter 4 presented the investigation of two stars characterised by a high speed with respect to the Sun. These stars did not show any peculiarity in the chemical composition, except for a slightly high Eu abundance and a low C and high N abundances. The low carbon could be related to the evolutionary phases, although this is a bit extreme for TYC 622-742-1. In the future it would be interesting to understand if the low C content in TYC 622-742-1 is a real C under abundance of the cloud from where the star formed or it is an effect of destruction through CNO cycling and subsequent mixing to the atmosphere. This could help to understand better the evolutionary processes. It would also be interesting to do a chemical and kinematic study focusing on a pattern of metal-poor dwarf stars with high speed for comparison with the literature and the present study. In this way it would be possible to build up a chemical and kinetic census of these peculiar objects. This would help to shed light on how the high-velocity population fits into the formation of the Milky Way.

⋆ Pristine: a sample of metal-poor candidates selected by narrow-band photometry Chapter 5 described the investigation of fifteen Narval spectra, one of which corresponds to a binary star, Pristine 230.2649+00.9137. The sample is composed of eight dwarfs (log g> 3.5) and five giants stars. Our sample of stars contains a wide range of metallicities, three stars have [Fe/H] > -1.0, five stars are in the range -2.0 <[Fe/H]< -1.0, four stars are in the range -3.0 <[Fe/H]< -2.0 and one below [Fe/H] < -3.0. We could derive abundances for 18 elements (Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Y and Ba) and abundances from two ionisation states in the case of three elements (Ti, Cr, Fe). From a chemical point of view Pristine 235.0277+07.5059 presents a high [Mg/Fe] ratio, Pristine 232.8856+07.8678 shows a very low value of calcium abundance, Pristine 236.4718+15.3327 has a high [Ti/Fe] ratio when ionised species are analysed and Pristine 014.0757+28.4964 shows an over-abundance of Mg, Ca and Ba, but it is normal in Cr and Na. Pristine 014.0757+28.4964 is an EMP star and it has a thin disc orbit. Furthermore, in this sample the number of disc star is particularly high. Pristine 246.4405+15.0899 is a hot star and belongs to the Horizontal Branch; it could be an RR Lyrae. The parameters of the Pristine 219.0145+11.6057 star arise the suspicion that it may be a lambda Bootis star. The analysis has to be completed, updating the stellar parameters with the data from Gaia ERD3. The use of the Gaia photometry but overall the use of the Gaia parallax improved a lot the metallicity derived from the calibration in the case of evolved stars. In the case of main-sequence or unevolved stars there is no substantial change.

(HARPS-N, [START_REF] Sosnowska | Proc. SPIE[END_REF] 3 . ii) The 2.56 m NOT (Djupvik & Andersen, 2010) at the Roque de Los Muchachos Observatory with the FIES spectrograph (for more details see the observation chapter). iii) The 1.93 m telescope at OHP with the SOPHIE spectrograph. iv) The 3.6 m Canada-France-Hawaii Telescope (CFHT, Bely & Lelievre, 1982) located on the summit of Mauna Kea on the island of Hawaii, USA, equipped with the Echelle Spectro Polarimetric Device for the Observation of Stars (ESPaDOnS, Donati, 2003) spectrograph4 . v) The 1.6 m telescope of the Moletai Astronomical Observatory (MAO) (Moletai, Lithuania) with the Vilnius University Echelle Spectrograph (VUES, Jurgenson et al., 2016) spectrograph 5 . vi) The Max Planck Institute for Astronomy (MPIA) 2.2 m telescope located a La Silla, Chile, with the FEROS spectrograph6 (Stahl et al., 1999). vii) The Magellan 6.5 m telescope7 [START_REF] Johns | Proc. SPIE[END_REF] located at Las Campanas, Chile, with the Magellan Inamori Kyocera Echelle (Mike) spectrograph [START_REF] Bernstein | Proc. SPIE[END_REF]. viii) The ESO VLT 8.2 m telescope8 (Enard, 1984), located at Cerro Paranal, Chile, with the UVES spectrograph [START_REF] Dekker | European Southern Observatory Conference and Workshop Proceedings[END_REF].

While elements up to iron can be formed by nuclear fusion in an exothermic way, for heavier nuclei, fusion reactions become endothermic, since the Fe nucleus is the most tightly bound. Consequently, elements with Z > 30 are formed mainly through multiple neutron captures (see e.g. Arnould & Goriely, 2020;Cowan et al., 2021, and references therein). A nucleus can result unstable as a result of a neutron capture episode and a β decay can follow to bring back the nucleus into the stability valley. One can divide the n-capture processes into three main classes, depending on the rate of neutron captures compared to the time-scale of β decays. When the neutron capture occurs on time-scales that are much longer than β decays one talks about the slow neutron capture process (sprocess); when the neutron capture occurs at a rate that is much smaller than β decays, so that an unstable nucleus can capture an another neutron before decaying, one talks about the rapid neutron capture process (r-process) (see e.g. Meyer, 1994;Sneden et al., 2008, and references therein); in the intermediate case between these two regimes, that correspond to neutron densities in the range n n from 10 14 to 10 16 cm -3 , one talks about the i-process (Cowan & Rose, 1977). The formation of the n-capture elements is complicated and not completely understood, so a systematic investigation will surely improve our knowledge in the field.

In the latest years, a huge effort has been dedicated to the observation and investigation of the most iron-poor stars known, but the majority of the intermediate metal-poor stars lack any investigation on n-capture elements. For the benefit of the project, the metal-poor stars goal of MINCE are much more numerous than the most metal-poor stars known, so among the good candidates we can choose the brightest to be observed also with the 4 m and 2 m-class telescopes. The first paper of the MINCE project is on work. Its aim is introducing the project and presenting the first sample of stars investigated (Cescutti et al. in preparation). I was in charge for the observations with the SOPHIE spectrograph at the OHP for three nights, from 13 th to 16 th September 2019. We used the HR mode; the data were reduced on-the-fly by the SOPHIE pipeline, that also provides radial velocities obtained through cross-correlation with a software mask with rectangular absorption lines. We adopted the K0 mask.

B.2 The SOPHIE spectrograph

In order to prepare the observation, the literature was thoroughly searched, as well as by looking at the SIMBAD database11 (Egret, 1983). Aladin12 (Paillou et al., 1994) was also used to produce the finding charts, see Fig. B.2. I used Staralt 13 to plan the observations. This tool also provides the position and phase of the moon on the observation nights. We estimated the exposure time necessary to achieve the required S/N ratio to be between 1800 to 3600 s.

B.2.2 Analysis of my observations with SOPHIE

Although the goal of MINCE is to observe metal-poor stars, at the SOPHIE run the majority of the stars turned out to be of nearly solar metallicity. When looking closer at this failure in the selection, we realised that this is due to the fact that the metal-poor old isochrones cross the metal-rich young isochrones. This is the well-known age-metallicity degeneracy. The Casagrande et al. (2014) calibration was derived using only old-metalpoor calibration, thus when applied to young metal-rich stars, it provides a wrong metallicity estimate (see Fig. We decided anyway to analyse the spectra because these stars relatively massive spend a short time in the evolutionary phase captured by our observations, meaning that these are relatively rare objects. A paper on this analysis (Lombardo et al.) has been accepted by A&A. In this work, 26 bright, metal-rich giant stars (whose metallicity range is -0.4 ≤ [Fe/H] ≤ 0.4) were investigated. Their ages are in the range 0.1 Gyr to 0.55 Gyr. The kinematic analysis shows that all stars have low-eccentricity prograde orbits around the Galactic Centre and are part of the Thin Disk population. Ten of the stars rotate quickly (v sin i > 10 kms -1 ). The stellar masses (between 2.5 and 6.0 M⊙) and the chemical analysis indicate that the sample consists of stars of spectral type A to B when they were on the main sequence. Almost all stars have sub-solar [C/Fe] and over-solar [N/Fe] ratios, which strongly suggests that the stars have undergone mixing, as expected by stellar evolutionary models that include rotation (Georgy et al., 2013;Lagarde et al., 2012). In fact also the measured rotational velocities v sin i, are in agreement with the theoretical predictions. We have derived an overabundance of Ba in all stars, but low [s/Fe], where s is the mean of Y, La and Nd abundance. This overabundance is unexplained, but could be due to an underestimate of the microturbulence in the layers where the Baii lines are formed. Apart from this and the anomalies of C and N, these stars show abundance ratios that are in line with those observed in dwarf stars of type FGK of the same metallicity. This is remarkable, since we know that among A type stars often Chemically Peculiar stars are found (see e.g. Ghazaryan et al., 2018). This strongly suggests that phenomenon giving rise to the chemical anomalies in CP stars is atmospheric, and as the stars evolve to the RGB, the convective mixing erases these anomalies. The NOT is hosted buy a bulding that co-roatates with the telescope, other buildings are located in the vicinity and that is where FIES is installed. This allows for the spectrograph to be in a highly stable environment both from the mechanical and thermal point of view.

B.3 The FIES spectrograph

FIES is a cross-dispersed high-resolution echelle spectrograph (see Fig,B.5) and has a spectral resolving power of R = λ △λ = 67000 with a sky aperture of 1. ′′ 3. There are also two 1. ′′ 3 fibres that provide a medium resolution mode (R=46000) and one of the fibres can be placed on the sky, to provide accurate sky subtraction.

Finally there is also the option to use a fibre with an aperture of 2. ′′ 5 providing R=250000. In combination with the fibres of medium and high resolution it is possible to use a fiber that feeds light from a ThAr lamp and provides a simultaneous wavelength calibration. The spectral coverage of FIES ranges from 370 nm to 830 nm without gaps in a single, fixed setting and with minor inter-order wavelength gaps it arrives up to 900 nm. 

B.3.1 Details of my observing run with FIES

For the observation with FIES at NOT the stars were selected as candidate metal poor ([M/H] < -0.7), bright (V < 10.5) giants. The selection was based on the catalogue provided by Anders et al. (2019), who used the Starhorse code. Starhorse combines the precise parallaxes and optical photometry delivered by the Gaia second data release with the photometric catalogues of the Panoramic Survey Telescope and Rapid Response System (Pan-STARRS1, Saglia, 2008) 14 , Two Micron All-Sky Survey (2MASS, [START_REF] Kleinmann | Astronomy with Arrays[END_REF] 15 , and the Wide-field Infrared Survey Explorer final catalog release (AllWISE, [START_REF] Cutri | Explanatory Supplement to the AllWISE Data Release Products[END_REF] 16 and derived Bayesian stellar parameters, distances, and extinctions for 137 million stars. After experimenting with this selection with other samples (Cescutti et al. in preparation) we concluded that the Starhorse metallicity estimate is unreliable. This is not surprising since wide photometric bands provide limited information on the metallicity. We therefore added a kinematic criterion, requiring selecting only stars that were predicted to be metal-poor by Starhorse and had a total speed v tot ≥ 200kms -1 . I was in charge of the observations with FIES at NOT for three nights, from 26 th to 29 th September 2021. It was foreseen to use the fiber 4 providing R=65000. The goal was to obtain S/N per pixel > 40 for the blue region of the spectrum, (λ < 420 nm). Using the FIES exposure time calculator 17 for the stars of this sample, in the region around Ca ii H& K lines with an airmass of 1.3 and seeing 1. ′′ 2, we estimated the necessary exposure time between 4800 to 6000 s. We decided to take exposures of 1800 s and to perform 2 to The telescope could not be opened during the whole observing run due to bad atmospheric conditions. This was mainly due to the significant presence of volcanic ash (see Fig. B.6) which is very corrosive and damages the mirror, the optical surfaces, the gears and the bearings. To verify the presence of dust in the air we made use of dust meters. But due to the erupting volcano of La Palma, an additional measure was adopted. Samples were taken every hour with a white cloth in the instrument building and in the service building. On the second day of observation, apart from the volcanic ash, it rained at the beginning of the night and clouds were also present during the whole night. When the sky is overcast, the upper hatch should be maintained closed. Moreover, the combination of dust and humidity are particularly dangerous because it may provoke condensation at levels of local relative humidity much lower than those normal for air free from dust. On the third night there was still a lot of ash and high wind speeds, reaching values slightly above 11 m/s. Significant wind speed is negative for the telescope operation and microthermal site climate with negative consequences on the pointing and tracking. In the presence of dust, wind can be even more harmful for the instrumentation, by bringing dust in gears and bearings. Moreover, every night of observation the condition was included that the telescope could not be operational if the wind was coming from SW to SE due to the location of the volcano. 

B.3.2 My scientific contribution to the MINCE project

After the observing run at OHP, also if MINCE is not in the main stream of my thesis, I was curious about the science of the project and I asked to be involved in the data analysis of the successful targets, the metal-poor stars. For this purpose it was decided to use MyGIsFOS (Sbordone et al., 2014) to derive the abundances of the light elements. I did my part in the chemical analysis, studying the spectra of a sample of stars observed with different instruments, i.e. HARPS-N, NOT, SOPHIE and ESPADONS. We started by deriving the stellar parameters, following the same iterative method explained in the chapter 4. MyGIsFOS needs as input grid of synthetic spectra broadened so as to match the observed broadening of the spectral lines. Several causes are responsible for broadening the spectral lines. Natural broadening is always present and is due to the fact that transitions are not completely sharp so that when looking at the spectral lines a certain width is seen. On top of that other broadening mechanisms may be at work: collisions with atoms (mainly H), electric fields (Stark), macro-turbulence and stellar rotation. Also magnetic fields may contribute to line broadening, but we do not model this effect. Finally the observed lines are convolved with the instrumental profile of the spectrograph used for the observation, if the resolving power is less than ≈ 40 000, this is often the dominant cause of broadening for old giant stars, as in the MINCE project. In the high resolution observations of the MINCE project the broadening of the lines is not dominated by the instrumental profile, but by the macroturbulence. To be able to derive the correct broadening for each star, we first computed synthetic spectra in a range of stellar parameters to cover the stellar parameters of the targets. We selected a sample of clean lines and we measured the Full Width at Half Maximum (FWHM) of these lines in the synthetic spectra broadened at several values of broadening. We then measured the FWHM of the same lines in each observed spectrum and interpolated in the grid of broaden synthesis to derive the broadening of the observed spectrum. This provides an estimate of the line broadening for each line, these estimates are then averaged to obtain a mean broadening for the spectrum. The broadening derived in this way for our stars ranges from 2 to 13.5 km/s. With the adopted stellar parameters and the grid of synthetic spectra broadened at the right value, we ran MyGIsFOS. We verified and selected the regions to be fitted and the wavelength ranges to be chosen in order to pseudo-normalise the spectra. We used my final list, common for all stars, of lines or features to be fitted and continuum regions as input for MyGIsFOS, in such a way as to do an analysis that is as homogeneous as possible. MyGIsFOS rejects unreliable features, but all spectra have also been manually inspected to verify that MyGIsFOS has correctly rejected features that are corrupted, e.g. by cosmic ray hits or detector defects. In this way we obtained an homogeneous analysis allowing to treat the observations in a semi-automated and fast way.

Introduction

The project Measuring at Intermediate metallicity Neutron Capture Elements (MINCE) (Cescutti et al. in preparation) has the goal of obtaining chemical abundances for stars in the intermediate metallicity range (-2.5 ≤ [Fe/H] ≤ -1). The aim is a detailed inventory of the neutron-capture elements.

The target selection of the first few observational runs in the northern hemisphere heavily relied on Strömgren photometry. As detailed in Sect. 2, this selection was unsuccessful in finding metal-poor giants. Its sample even proved to consist of young stars with masses in the range 2.5 to 6 solar masses in a narrow metallicity range of about solar metallicity.

The most frequently studied G-K stars in this mass range are particular cases of peculiar stars, such as Ba stars (Bidelman & Keenan 1951;Sneden et al. 1981;Antipova et al. 2003;Liang et al. 2003;Allen & Barbuy 2006;Smiljanic et al. 2007;Pereira et al. 2011;[START_REF] De Castro | [END_REF] and Cepheids (Lemasle et al. 2007(Lemasle et al. , 2008(Lemasle et al. , 2013;;Genovali et al. 2014Genovali et al. , 2015)). As these stars Based on observations obtained at Observatoire de Haute Provence, Canada-France-Hawaii Telescope and Telescopio Nazionale Galileo were of A to B type when they were on the main sequence, the serendipitous discovery of this sample of giant stars allowed us to study this evolutionary stage directly. This stage is not very well characterised by observations so far because the time spent by stars in this phase is short. In addition, it allows a direct comparison with the properties of A-to B-type stars. For this reason, it is a unique opportunity for testing the predictions of stellar evolutionary models in terms of the evolution of chemical abundances and rotational velocities.

We expect a large number of such stars to be observed in the course of wide-field surveys such as WEAVE (Dalton et al. 2020) and4MOST (de Jong et al. 2019). The findings of our investigation can be used to select these stars from the wide surveys.

Target selection

For the stars presented in this paper, we used the Strömgren photometry from the Paunzen (2015) catalogue and the metallicity calibration for giants of Casagrande et al. (2014) appeared to be at about solar metallicity when we inspected the spectra, and several rotate rapidly (are therefore young and massive).

The question was whether a mistake was made in the star selection. We examined the synthetic photometry of Parsec solar metallicity isochrones of ages in the range 0.1 to 1 Gyr (Bressan et al. 2012). As shown in Fig. 1, in the region of the Gaia Early Data Release 3 (EDR3) (Gaia Collaboration et al. 2016, 2021) colour-magnitude diagram in which our targets lie, the young solar metallicity isochrones clearly overlap the locus occupied by the red giant branch (RGB) of old metal-poor isochrones. This is what is meant by age-metallicity degeneracy. Furthermore, the Strömgren indices of many of the points along the young solar metallicity isochrones are within the validity range of the Casagrande et al. (2014) calibration. If they were used as input to the Casagrande et al. (2014) calibration, the majority of these photometric values would provide a metal-poor metallicity estimate. This is another manifestation of the age-metallicity degeneracy. The Casagrande et al. (2014) calibration in our opinion performs poorly on such metal-rich young stars because these stars were absent from the calibrators used by Casagrande et al. (2014) to define the calibration. However, even if these calibrators had been used, it is not clear if the degeneracy could have been lifted without introducing some age-sensitive quantity in the calibration.

Observations

The spectra used in this paper have been obtained with three different telescopes and spectrographs. The log of the observations and the observed radial velocities are provided in Table 1.

SOPHIE at OHP

SOPHIE (Bouchy & Sophie Team 2006) is a fibre-fed highresolution spectrograph operated at the Observatoire de Haute Provence (OHP) 1.93 m telescope. The spectra were obtained in visitor mode during three nights from September 13 th to 16 th 2019, the observer was one of the co-authors (A.d.M. Matas Pinto). The SOPHIE high-resolution mode, which provides a resolving power R ∼ 75 000, was used for all the observations. The spectral range we covered is 387.2 nm to 694.3 nm. The wavelength calibration relied on a Th-Ar lamp and on a Fabry-Pérot etalon. The data were reduced automatically on the fly by the SOPHIE pipeline. Radial velocities (v rad ) were provided with the K5 template from the SOPHIE pipeline. For HD 192045 and HD 213036, the SOPHIE pipeline failed because the input radial velocity, taken from the Gaia second data release (hereafter Gaia DR2, Gaia Collaboration et al. 2016Collaboration et al. , 2018;;Sartoretti et al. 2018), was too different from the observed radial velocity of the star. The v rad were derived by us by measuring the crosscorrelation function over the interval 500 nm ≤ λ ≤ 650 nm. A synthetic template with appropriate stellar parameters was used.

ESPaDOnS at CFHT

ESPaDOnS (Donati et al. 2006) is a fibre-fed spectropolarimeter operated at the 3.6 m Canada-France-Hawaii telescope (CFHT) on the summit of Mauna Kea. The observation were obtained in the Queued Service Observation mode of the CFHT in November 2019. The spectroscopic mode "Star+Sky" was used, providing a resolving power of R ∼ 65 000. It covers the spectral range 370 nm to 1051 nm. The data were delivered to us reduced with the Upena pipeline 1 , which uses the routines of the Libre-ESpRIT software (Donati et al. 1997). The output spectrum is provided in an order-by-order format. We merged the orders using an ESO-MIDAS 2 script written by ourselves. Radial velocities were derived measuring the cross-correlation function over the interval 420 nm ≤ λ ≤ 680 nm.

HARPS-N at TNG

HARPS-N [START_REF] Cosentino | Proc. SPIE[END_REF]) is a fibre-fed high-resolution spectrograph operated at the 3.5 m Telescopio Nazionale Galileo (TNG) at the Canary Island La Palma. It is essentially a copy of HARPS (Mayor et al. 2003), operated by ESO on its 3.6 m telescope at La Silla. The observations were obtained in service mode in December 2019. We used the high-resolution mode, which provides a resolving power R ∼ 115 000. The wavelength range covered is 383 nm to 690 nm. The data were reduced on the fly by the HARPS pipeline. Radial velocities were provided with the G2 template from the HARPS-N pipeline.

Analysis

Stellar parameters

To derive stellar parameters, we used Gaia EDR3 photometry (G and G BP -G RP ) and parallaxes. We defined a grid in the parameter space using the ATLAS 9 model atmosphere grids by Mucciarelli et al. (in prep.). The range of atmospheric parameters covered by the grid is shown in Table 2.

We computed theoretical values of G BP -G RP , bolometric correction (BC G ), and extinction coefficients A G , E(G BP -G RP ) were derived iteratively with the following procedure:

1. The mass and the metallicity of the star were fixed at input values. 2. T eff was derived by interpolating in G BP -G RP at fixed metallicity, and the bolometric correction was derived by interpolation from the new T eff . 3. log g was derived using T eff and bolometric correction found in the previous step from the equation

log g = log(M/M ) + 4 log(T eff /T ) + 0.4 (G 0 + BC G ) + 2 log p + log L + log g (1)
where M is the stellar mass, G 0 is the dereddened apparent G magnitude, BC G is the bolometric correction, and p is the parallax. 4. A G and E(G BP -G RP ) were derived by interpolating in the theoretical grid adopting the E(B-V) from STILISM maps (Capitanio et al. 2017).
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After we derived the stellar parameters, we used the measured equivalent widths (EWs) of the Fe i lines (see Sect 4.2) and the GALA code (Mucciarelli et al. 2013) to derive the metallicity of the stars. With the new metallicity values, we again derived the stellar parameters and stopped the iteration when the difference between the new and the old T eff was smaller than ± 50 K.

To confirm the values of T eff and log g obtained from the procedure, we derived effective temperatures and surface gravities using a new implementation of the Mucciarelli & Bellazzini (2020) InfraRed Flux Method (IRFM) colour-T eff calibration for giants stars based on EDR3 data (Mucciarelli et al. 2021). The two effective temperatures agree well, in particular, T eff from IRFM calibration is 70 K cooler on average than those estimated with the method described above.

As final parameters, we adopted T eff and log g derived from the Mucciarelli et al. calibration because the IRFM method is less dependent on the adopted models with respect to the method described in the procedure. We fixed the uncertainty on T eff at ±100 K, according to the dispersion of the Mucciarelli et al. calibration. In Table 3 we present the stellar parameters. Microturbulent velocities (ξ) were estimated using the calibration derived by Dutra-Ferreira et al. (2016). The uncertainty on ξ is ±0.1 km s -1 according to the uncertainty of Dutra-Ferreira et al. calibration.

In Fig. 2 we compare Gaia EDR3 photometry of the observed stars to the Ekström et al. (2012) evolutionary tracks without rotation at solar metallicity for stellar masses between 2.5 M and 6.0 M provided by the SYCLIST code (Georgy et al. 2014), or interpolated between fully computed tracks. From Fig. 2 we de-duce that these stars are very young, with ages between 0.1 Gyr (0.06 Gyr if we consider the evolutionary track for 6 M ) and 0.55 Gyr. The stellar masses we deduced from the evolutionary tracks are listed in Table 3. The uncertainty on stellar mass depends on the parallax error and on the stellar model adopted. If we adopt stellar models with rotation, for example, the evolutionary tracks are more luminous than the respective tracks without rotation (see Fig. 10 in Georgy et al. 2013). For this reason, we estimate an uncertainty in mass from 0.5 M for the less massive stars to 1 M for those that lie in the region of the colourmagnitude diagram in which different evolutionary tracks overlap. We estimated an uncertainty of ±0.1 dex on log g by varying the stellar mass in Eq. 1 according to the mass error.

Iron abundances

Fe abundances were derived from the EW of the lines. The EWs were measured with the FITLINE code developed by P. François (Lemasle et al. 2007). FITLINE is a semi-interactive FORTRAN program that measures EWs of high-resolution spectra using genetic algorithms (Charbonneau 1995). Lines are fitted by a Gaussian defined by four parameters: the central wavelength, the width and depth of the line, and the continuum value. For each line, the algorithm runs as follows: 1) the program generates an initial set of Gaussians, giving random values to the four parameters of the Gaussian. 2) The fit quality is estimated by calculating the χ 2 . 3) A new "generation" of Gaussians is calculated from the 20 best fits after adding random modifications to the initial set of parameters. 4) The new set of parameters replaces the old set, and its accuracy is estimated again using a χ 2 evaluation. Finally, 5) the process is iterated until the convergence to the best Gaussian fit is achieved. For the most highly rotating stars (HD 21269, HD 278, HD 40509, HD 55077, and Notes. The X represents the lines we used for each star.

61107) FITLINE was modified to take the Gaussian and rotational profile of the lines into account. To derive Fe abundances from EWs, we used the GALA code (Mucciarelli et al. 2013), which compares the measured EW for each line with the theoretical EW computed from the curve of growth of the line. The Fe i and Fe ii abundances we derived for this sample of stars are listed in Table 3.

Rotational velocities

Rotational velocities (v sin i) were measured by fitting the observed line profiles with the corresponding theoretical line profiles that were obtained from a synthetic spectrum computed with the spectral synthesis code SYNTHE (Kurucz 2005;Sbordone et al. 2004) based on ATLAS 9 1D plane-parallel model atmospheres (Kurucz 2005). In order to better compare v sin i between different stars, we selected a set of Fe i lines to be fitted. The list of Fe i lines we used to measure v sin i is shown in Table 4. For each line, we performed a χ 2 minimisation fit on the observed line profile using three synthetic spectra computed with different rotational velocities. The metallicity of the synthetic spectra was fixed at the value of iron abundance derived from the EW of the single line. We made the assumption that the line broadening of synthetic spectra was equal to the instrumental broadening. The values of v sin i we obtained are presented in Table 3. This approach does not allow us to distinguish between v sin i and other sources of line broadening, such as macroturbulence. The spectra of five stars with similar T eff but different v sin i are shown in Fig. 3. For the faster-rotating stars, the line profile is dominated by the rotational profile, and we can assume that other broadening effects are negligible with respect to v sin i.

For the more slowly rotating stars, however, the contribution of macroturbulence in line broadening is comparable to the rotational contribution, so that the values of v sin i obtained for these stars must be interpreted as upper limits.

Chemical abundances of other elements

We were able to derive for the stars in the sample the elemental abundances of C, N, O, Mg, Al, and Ca and for the neutron capture elements Sr, Y, Ba, La, Ce, Pr, Nd, Sm, and Eu. For all elements we adopted the solar abundances determined by Caffau et al. (2011) and Lodders et al. (2009) (see Table 5). The chemical abundances we obtained are listed in Tables A. The carbon abundance was derived from the G-band by minimisation of the χ 2 when we compared the observed spectrum to a grid of synthetic spectra with different C abundances. The synthetic spectra were computed with SYNTHE (Kurucz 2005) using the ATLAS 9 model (Kurucz 2005) computed for each star (see Bonifacio & Caffau 2003, for details). The G-band is strong for all the stars, and we estimate an uncertainty in the range 0.2 to 0.5 dex in the C abundances, which is mainly related to the continuum placement. The nitrogen abundances were determined in a similar way using the violet CN band at 412.5 nm, assuming the C abundance derived from the G-band to be fixed. The error is mainly due to the uncertainty of placing the continuum and is in the range 0.3 to 0.6 dex. Oxygen was determined from the EW of the [OI] 630 nm line. This was measured with the iraf4 task splot only when the line was not affected by blends with telluric lines or the blend was minor and could be taken into account using the deblend option of splot. Mg, Al, and Ca abundances were derived using the procedure described in section 4.2. The uncertainty showed in Table A.2 represents the line-to-line scatter if the abundance was derived from ≥ 2 lines, otherwise it represents the abundance error due to continuum placement. For the neutron-capture elements, the abundance was determined by matching the observed spectrum around each line of the list with a synthetic spectrum computed using the local thermodynamic equilibrium (LTE) spectral line analysis code turbospectrum (Alvarez & Plez 1998;Plez 2012), which treats scattering in detail. The computed errors in the elemental abundances ratios due to uncertainties in the stellar parameters are listed in Table A.4. The errors were estimated varying T eff by ± 100 K, log g by ± 0.5 dex, and ξ by ± 0.5 dex in the model atmosphere of HD 13882. The results for other stars are similar. The main uncertainty comes from the error in the continuum placement when the synthetic line profiles are matched to the observed spectra. This error is of the order of 0.1 dex. When several lines are available, the typical line-to-line scatter for a given elements is 0.1 dex. 

Possible binary stars

Stars HD 195375 and HD 278 are listed in the Washington Double Star Catalog (Mason et al. 2001). We checked the Gaia EDR3 astrometric parameters of these two binary systems. We found that HD 278 and its companion have different parallaxes, so that these stars are probably in a visual double system but not in a physical one, as suggested by Muller (1984). In contrast, HD 195375 and its companion have consistent parallaxes, which implies that they are in a physical binary system. As binarity is a possible cause of radial velocity variability, we compared our measured radial velocities with those of Gaia DR2 (Gaia Collaboration et al. 2018). The brightness of our stars implies that the error on the radial velocity due to photon noise is smaller than 1 km s -1 (Sartoretti et al. 2018). As shown in Table 6, six stars have a larger error, which means that they are very likely radial velocity variables. The Gaia radial velocity of eight stars differs by more than 5σ from our measured velocity. They are again very likely radial velocity variables. Ten stars have been identified as probable binary stars by Kervella et al. (2019) from the comparison between Hipparcos (ESA 1997) and Gaia DR2 proper motions. We note that stars HD 192045 and HD 213036 show all the properties mentioned above. This strongly suggests that they are binary stars. It is likely that the end-of-mission Gaia data, which will combine astrometry, epoch photometry, and radial velocities, will allow us to determine the orbits of the confirmed binaries.

Kinematics and Galactic orbits

We characterised the stellar orbital parameters with the Galpot code 5 (McMillan 2017; Dehnen & Binney 1998) using the stellar coordinates, radial velocities, Gaia DR2 distances, and proper motions. We derived the stellar coordinates and velocity components in the galactocentric cylindrical (R, z, ϕ, v R , v Z , v ϕ ) and Cartesian systems (X, Y, Z, v X , v Y , v Z ). We derived the minimum and maximum cylindrical (R min , R max ) and spherical (r min , r max ) radii, the eccentricity (e=(r max -r min )/(r max + r min )), the maximum height above the Galactic plane (Z max ), the total energy (E), and the z-component of the angular momentum (L Z ). We found that all stars have typical disc kinematics. All stars have prograde motions, and the eccentricity (e < 0.11) for 25 out of 26 stars (e∼0.2 for HD 278) is very low. The maximum height above the Galactic plane is lower than 400 pc for 25 out of 26 stars (Z max ∼ 600 pc for TYC 2813-1979-1).

Discussion

Photometric logg versus spectroscopic logg

In order to verify the values of log g that we obtained from Gaia photometry and parallaxes, we derived surface gravities by imposing the ionisation equilibrium of the Fe i and Fe ii lines. As shown in Table 7, photometric and spectroscopic log g are compatible within 0.1 dex for ten stars, while the difference between photometric and spectroscopic gravities is -0.6 ≤ ∆ log g ≤ 0.9 dex for the remaining stars. We deduced the corresponding stellar masses from spectroscopic gravities by inverting Eq. 1. We obtained that the masses should be 0.7 ≤ M/M ≤ 18.9; two stars have M < 0.8 M . These very low masses are incompatible with stellar evolutionary models (unless we assume that they are older than 14 Gyr). We therefore conclude that the spectroscopic gravities are not reliable for the majority of these stars. The reason for the observed discrepancy is not trivial because for solar metallicity stars, we expect spectroscopic and photometric approaches to be equivalent (see the discussion in Mucciarelli & Bonifacio 2020). As the difference in log g reflects the difference between Fe i and Fe ii abundances, the discrepancy for the most highly rotating stars could be due to a bias in the line selection. Stellar rotation allowed us to detect only the strongest and consequently most saturated Fe ii lines. However, the same discrepancy is found for some stars with low rotational velocity, therefore some other effect must be responsible for it. The observed scatter in ∆log g for stars with v sin i < 10 km s -1 seems to suggest that this effect is due to inadequacies of the adopted physics, in particular, the assumption of 1D geometry and LTE, as discussed for metal-poor giants in Mucciarelli & Bonifacio (2020). We confirmed that non-LTE (NLTE) effects under the assumption of 1D geometry are not sufficient to solve the log g discrepancy. We applied the NLTE corrections provided by Bergemann et al. (2012) 6 to the Fe i lines of the star HD 191066, for which we obtained [FeI/FeII]=0.26 dex using photometric log g. We found that the mean correction value was 0.005 dex with a maximum value of 0.06 dex for the Fe i line at 5956.693 Å. This means that applying this NLTE correction to Fe i the imbalance would be even worse. abundances in N result from pure H-burning via the CNO cycle, and that no He-burning products have yet been transported to the stellar surface. The value of [C/Fe] of a given star is probably independent of the original [C/Fe] value that characterised the star on the main sequence, but depends only on the amount of mixing. This is supported by the fact that there is no clear trend of [C/Fe] with metallicity. If our interpretation is correct, the two more metal-rich stars of our sample are mixed very little with respect to the others. Some mixing is only suggested by a slight enhancement of [N/Fe] in both stars. These two stars belong to the stars with the highest gravity in the sample, which is in line with the notion of little or no mixing. We caution, however, that there are stars with similarly high log g that have a low [C/Fe].

There clearly is no one-to-one correspondence between surface gravity and mixing.

It is interesting to compare our results with those in the literature. We selected two samples of CNO abundances in A-type stars ( Takeda et al. (2018) and Royer et al. (2014)). The Takeda and Royer samples both consists of A-type main-sequence stars. Royer stars are also characterised by v sin i ≤ 65 km s -1 . We also added samples of CNO samples in FGK dwarf stars with a metallicity comparable to that of our sample: Delgado Mena et al. 2018, see also references therein). A stars show the phenomenon of chemical peculiarities (CP stars), which gives rise to many sub-classes of CP stars (see Ghazaryan et al. 2018, and references therein). The most popular explanation of the chemical peculiarities for most classes of CP stars is diffusion (see e.g. Richer et al. 2000, and references therein), possibly in the presence of rotational mixing (Talon et al. 2006). As pointed out by Takeda et al. (2018), this anti-correlation of [C/Fe] with [Fe/H] can be understood if the mechanism causing the chemical peculiarities acts in opposite directions for CNO and Fe. We do not detect any chemical peculiarities, except for the CNO pattern expected from mixing on the RGB and Ba (see Sect. 7.2.3). This strongly suggests that these peculiarities, even if they were present when the star was on the main sequence, are erased as the star evolves to the RGB by the onset of convective mixing as the star cools and its atmosphere is no longer in radiative equilibrium, as was the case while the star was on the main sequence. The observed scatter is therefore probably intrinsic. The [Mg/Fe] ratio of two stars in our sample appears to be compatible with the values of stars in the upper sequence in the Adibekyan et al. sample. They were labelled thick-disc stars by the authors. However, the kinematics of these two stars clearly shows that they are thindisc stars. A purely chemical selection is not sufficient to distinguish between thin-and thick-disc stars, as has been pointed out by several authors (see e.g. Franchini et al. 2020;Romano et al. 2021). Specifically, Romano et al. (2021) reported that only 25% of the high-α stars in their sample can be classified kinemati- and Battistini & Bensby (2016) provided abundances of several n-capture elements for the same stars. We observe that in the case of n-capture elements, the abundances ratios we measured are also in line with the results found by other authors. A remarkable result is the Ba abundance, which is higher than solar for the majority of stars in our sample. The same result has been found for main-sequence stars by Royer et al. (2014). The NLTE correction for Ba lines provided by Korotin et al. (2015) would decrease the Ba abundances by 0.1 dex, which is insufficient to match the observed values with other n-capture abundances. We exclude the possibility that an atmospheric phenomenon could explain the observed Ba abundance: if the Ba overabundance were due to atmospheric processes during the main-sequence phase, it would be erased by mixing when the star evolves to the red giant phase.

Mg, Al, and Ca

In Fig. 10 we compare our results to the s-process abundance ratios [s/Fe], that is, the mean abundance ratio (Eggen 1972;Morgan & Keenan 1973), and no carbon enrichment (Sneden et al. 1981). However, we stress that the Ba ii abundance is strongly dependent on microturbulent velocity. We note that an increase in microturbulence of 0.6 km s -1 de-creases the Ba abundance by 0.6 dex for star HD 55077. This effect was first observed by Hyland & Mould (1974), who showed that high microturbulent velocities might cause the Ba ii resonance lines to become anomalously strong in stars with solar s-process elements. In our case, we have no observation that supports such a high microturbulence, which would also affect the abundances of other elements. There probably is no strong evidence implying that stars in our sample are mild Ba stars, but the high [Ba/Fe] ratios are puzzling and unexplained.

In their study of dwarf stars in five open clusters and one starforming region, Baratella et al. (2021) found an enhancement in Ba similar to what we have found in our stars. Remarkably, Ba is more enhanced for the younger clusters. The Ba enhancement is accompanied by mild Y enhancement of the order of 0.2 dex. A larger enhancement is again found for the younger clusters. These two results are consistent with our findings. At face value, our derived [Y/Fe] abundance ratios are ∼ 0.2 dex, but we do not give much weight to the Y enhancement as it is consistent with [Y/Fe]=0 within the errors. Baratella et al. (2021) examined several causes for this Ba anomaly, including the role of magnetic fields. They failed to propose any convincing explanation of their observations, however. We therefore conclude that the increase in Ba that we observe may be related to what has been observed in other young stars.

Chemical abundances and rotational velocities

We investigated the presence of trends between elemental abundances and rotational velocity in our sample. To limit evolutionary effects, we considered only stars with metallicity in the range -0.1 < [Fe/H] < 0.1 . We found that for only four elements ([O/H], [Ca/H], [Ba/H], and [Eu/H]) does non-parametric Kendall's τ test provides a correlation probability higher than 95% with v sin i. However, parametric fitting did not confirm any trend between these quantities. We therefore conclude that the correlations are not significant.

Comparison with models

We compared our results with the predictions of two sets of stellar evolution models including the effects of rotation: the models of Georgy et al. (2013), which were computed with the Geneva stellar evolution code (GENEC), and the models of Lagarde et al. (2012), which were computed with the code STAREVOL (Mowlavi & Forestini 1994;Siess et al. 2000;Palacios et al. 2003Palacios et al. , 2006;;Decressin et al. 2009); see Lagarde et al. (2012) for a comparison between these two sets of models.

Because the observed rotational velocities depend on the inclination angle of the stars along the line of sight, a direct comparison between observed and predicted rotational velocities is not possible. However, the observed values of v sin i are lower limits for the actual surface rotation of stars. As shown in the upper panel of Fig. 11, the v sin i we obtained for stars with 3.5 M and 4 M in the metallicity range -0.1 < [Fe/H] < 0.1 (5 < v sin i < 22 km s -1 ) are compatible with the rotational velocity values predicted by the Georgy et al. models with 0.3 < ω < 0.67 at solar metallicity for stars in the corresponding region of the log T eff versus log g diagram.

As described in section 7.2.1, we found that almost all stars in the sample show lower than solar C abundances and higher than solar N abundances. This indicates that the stars have undergone mixing and that the products of the H-burning CNO cycle However, because this phase is much longer than the crossing of the Hertzsprung gap, we consider it to be highly probable that all the stars are on the clump. We also note that the [N/C] abundance ratios for the majority of stars are consistent with the values predicted for clump stars in the Georgy et al. models. For all these quantities, a similar agreement is obtained with the models of Lagarde et al. (2012), as shown in Fig. 12.

Conclusions

We observed a sample of 26 bright giant stars that had a photometric metallicity estimated to be in the range -2.5 ≤ [Fe/H] ≤ -1. The aim was a detailed inventory of the neutron-capture elements. The analysis of the sample showed (2014). This suggests that chemical peculiarities are an atmospheric phenomenon that is erased when the stars evolved to the red giant phase. -The derived v sin i agree with the theoretical values that have been predicted for these stars by two sets of stellar evolution models computed by the Geneva group with two different codes that include rotation effects in a similar way. This implies that the residual rotational velocity is the result of the secular expansion of the stellar radius in post-main-sequence evolution.

-The [C/Fe] ratio is lower than solar and [N/Fe] is higher than solar in all the stars except one. This suggests that the stars Article number, page 11 of 15
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have undergone mixing and that the material shows the effects of CNO processing. This is in line with the predictions from stellar evolution models. -The stars show a Ba enhancement but a low [s/Fe] ratio. This makes them similar to mild Ba stars. This might be due to a microturbulence that is higher than what we have assumed. -We did not robustly detect any correlation between chemical abundances and rotational velocities. Again, this is in line with theoretical predictions. 

Introduction

The Gaia satellite (Gaia Collaboration 2016a) was launched on 19 December 2013. Three data releases have been published since then (Gaia Collaboration 2016b, 2018, 2021). These data provide a major breakthrough in our knowledge of the Galaxy, but they have some limitations, and there is still place for improvement in the data analysis phase. The spectrograph on board Gaia, the Radial Velocity Spectrometer (RVS), is a near infrared (845-872 nm) integral field spectrograph with a medium resolving power (R ≈ 11 500). Radial velocities, V r , are derived from the RVS spectra. The endmission V r precision that can be reached depends on the spectral type, the magnitude of the star, and the number of visits (see Sartoretti et al. 2018, and particularly Fig. 17 from that paper). A limitation in the V r determination is the relatively small wavelength range and low resolution of the RVS. A crucial point in the absolute radial velocity determination is the zero-point. The RVS is a self-calibrating instrument. It does not have a reference lamp. To transform the pixels into wavelengths, it uses its own A20, page 1 of 23 A&A 651, A20 (2021) observations of stars with known radial velocity. When the zeropoint is stable, it is irrelevant to derive the V r variation, as in the case of hunting binary or multiple systems and planets, but it is crucial to have precise kinematics for the stars. The problem is that in the RVS observation, the zero-point is observed to be time dependent. Ground-based observations can help in defining or understanding the zero-point and correcting for its variations in time. A limited number of reference stars for radial velocity in each location on focal plane should be enough to take this variation into account.

The line spread function (LSF) (i.e., the point spread function, PSF, in the dispersion direction) is also crucial for analysing Gaia data. The knowledge of the RVS LSF is important for extracting the radial and projected rotational velocity information from the RVS spectra. The RVS LSF is calibrated by finding the best fit of bright (Grvs < 9, Sartoretti et al. 2018) RVS spectra with the corresponding ground-based high-resolution spectra with a high signal-to-noise ratio (S/N) convolved with the LSF. However, for only a few sources (on the order of one thousand) do we have a ground-based spectrum with sufficiently high resolution and S/N that covers the RVS wavelength range. This means that we can calibrate the LSF only about once every three months at best, while we know that the LSF varies on a much shorter timescale. To improve the LSF calibration (and the estimation of radial and projected rotational velocities), we need high-resolution spectra with a high S/N of as many bright stars as possible.

The primary radial velocity standards for RVS are the 2800 stars by Crifo et al. (2010) and Soubiran et al. (2018), plus another 6300 radial velocity reference stars (Technical Note OML-002). So far, the vast majority of the available radial velocity standards have been observed from the ground in spectral ranges different from that of the RVS. If there is any physical mechanism, such as convective shifts (see Allende Prieto et al. 2013), that results in the relative shifts of some of the lines with respect to others, the measured radial velocity in different spectral ranges will be slightly different. Since ESO period P104, we started a program with UVES at the Very Large Telescope (VLT; Dekker et al. 2000) in order to collect a library of observed spectra in the wavelength range of the RVS that can be used to calibrate the LSF and determine the radial velocity, so that Gaia can provide measurements that are as reliable and precise as possible.

The observations we secured and will secure in this project will be used for five purposes: (i) to determine the LSF across the entire RVS focal plane, (ii) to compare the radial velocity measured in the RVS range with that measured in other ranges, (iii) to verify the accuracy of the theoretically modelled convective shifts, (iv) to provide high-quality templates for the measurement of RVS radial velocities as an alternative to synthetic spectra, and (v) to compare V r measured in the RVS range with the RVS resolution with V r measured with the same range at a resolution that is four times higher to asses any systematic effect. We refer to the sample of stars we defined for this project as Gaia RVS benchmark stars. We would like to stress that the RVS range is close to the maximum of the H -opacity (∼800 nm). The lines that form in this wavelength range therefore have a rather superficial formation height.

In order to efficiently fulfill all our goals, we need to analyse the spectra. We need (i) to verify the quality, (ii) to derive the stellar parameters, and (iii) the chemical inventory of all the observed stars. The last two points are crucial to allow computing synthetic spectra that can be used as templates for the determination of radial and rotational velocities. In this manuscript we present the project and provide the chemical investigation on the first sample of stars.

We also took advantage of the near-infrared domain of these high-quality observations to investigate a quite neglected element: rubidium. The only two Rb I lines that are typically investigated for the Rb abundance determination are at 780.0 and 794.7 nm (the resonance lines). This wavelength range is too red for many optical spectrographs and too blue for the infrared spectrographs. Recently, this gap has been filled with the Rb abundance investigation of a large sample of stars by Takeda (2021). The author performed detailed computations of the departures from local thermodynamical equilibrium (NLTE).

Rb is a very interesting element: it is formed both in the r-and s-process [START_REF] Abia | [END_REF] and is useful for quantifying the neutron density in s-process sites. According to the neutron density, one of the two stable ( 85 Rb) and long-lifetime ( 87 Rb) isotopes is in preference formed from a Kr isotope (Käppeler et al. 2011). The cross-sections of the n-capture of the two Rb isotopes in the two chains are very different. By deriving the 85 Rb/ 87 Rb ratio, the neutron density of the s-process site might in principle be inferred. Unfortunately, the isotopic shift is too small for a direct measurement of the isotopic ratio. It is possible, however, to derive the Rb abundance with respect to the abundance of the neighbouring elements: the higher the Rb abundance with respect to the neighbouring elements, the higher the neutron density (see Smith & Lambert 1984). We here present the Rb abundance of our sample of stars and investigate the NLTE effects.

Target selection

The project aims at observing stars with UVES at the VLT that would normally be considered bright for an 8 m class telescope (magnitude range 8-9). As explained in Sect. 1, however, we need high resolution and S/N. The stars we selected have a preferably southern declination so that they were also easily observable in the case of northern winds. They cover the entire right ascensions of the ESO semester. Because they are bright, a high S/N can also be achieved with poor seeing.

In this first paper, we present a sample of 80 giant stars from solar metallicity to slightly metal poor that were observed in the ESO programme 0104.D-0325. The stars of this ESO period were selected from the Gaia DR2 catalogue, which provides an accurate radial velocity determination. Based on Simbad (Wenger et al. 2000), we preferentially selected stars that were reported in few papers and for which no chemical investigation is reported in the literature so that we would be able to increase the number of bright stars with known chemical composition.

Observations

For this project on the UVES spectrograph, we selected the setting 437+760. The choices on the setting were that (i) the 760 range completely covers the RVS range without any gaps, and (ii) the 437 range is the reddest setting that can be coupled with the 760 setting. For metal-rich stars (the majority of our targets), observations in blue settings provide very crowded spectra, and a higher S/N can be achieved in this selected setting than in bluer settings such as the 390 setting.

We chose the highest UVES resolution (slit 0. 4 in the blue arm and 0. 3 in the red arm). For all observations, the DIC2 437+760 setting was used. For the stars brighter than V magnitude 8.5, an observing block comprises ten observations of 77.5 s to avoid detector saturation. For the stars fainter than 8.5, A20, page 2 of 23 E. Caffau et al.: Gaia RVS benchmark stars. I. five exposures of 202 s allow avoiding detector saturation. In this program, 90 stars have been observed, 80 of which are evolved stars and are analysed here. The 10 unevolved stars will be analysed with stars of similar stellar parameters that are observed or are scheduled to be observed for the following two ESO periods (P105 and P106). The log of the observations is reported in Table B.1. Of the observations we analysed, 71 were graded A, 6 were B, and 3 were C.

The spectra were reduced with the ESO pipeline version 5.8.2 under gasgano. All the exposures for each star were added after correction for the barycentric velocity. To place the spectra at a laboratory wavelength, we used the Gaia DR2 radial velocity. To show the quality of the combined spectra, the range of the Ca triplet line is plotted for two stars in Fig. 1.

Analysis

Stellar parameters

We dereddened the Gaia photometry using the maps from Ivanova et al. (2021). Using the parallax of the Gaia EDR3 catalogue corrected for the zero-point as suggested by Lindegren et al. (2021), we derived the absolute G magnitude. We then compared the dereddened G absolute magnitude and the dereddened BP-RP Gaia EDR3 colour to the synthetic photometry, and assuming solar metallicity, we derived the effective temperature, T eff , and surface gravity, log g, for all stars.

With the derived stellar parameters, we analysed the spectra with MyGIsFOS (Sbordone et al. 2014) to derive the metallicity of all stars. We used this metallicity as input to again derive the stellar parameters. At this point, we adjusted the stellar mass by interpolation into PARSEC isochrones (Bressan et al. 2012;Marigo et al. 2017). The PARSEC isochrones we used are all of solar-scaled composition. The masses were used to estimate the surface gravity through the Stefan-Boltzmann equation. With these new stellar parameters, we ran MyGIsFOS and again derived the metallicity. The process was iterated until the variation in effective temperature was less than 5 K and the variation in surface gravity was less than 0.01 dex.

For a comparison with the isochrones, we used the photometry provided by Gaia DR2 and the PARSEC (Bressan et al. 2012;Marigo et al. 2017) isochrones coloured in the same Gaia data release. The T eff values we adopted match the values derived from the isochrones well. The differences are slightly above 100 K in only five cases. The same comparison for the surface gravities provides good agreement, always within 0.3 dex. We adopted 100 K and 0.3 dex as the uncertainties for the effective temperature and surface gravity.

For the microturbulence (ξ), we had the choice to use the calibration from Monaco et al. (2005), who derived it for stars in the Sagittarius dwarf spheroidal galaxy. Even though the adopted parameters of the stars we analysed are similar to those investigated by Monaco et al. (2005), the range in effective temperatures spanned by our stars is too wide for us to feel comfortable neglecting it in deriving the microturbulence. The calibration from Mashonkina et al. (2017) was conceived for old, metal-poor stars, and our stars are too metal rich and probably too young for us to confidently use this calibration. The calibration by Dutra-Ferreira et al. (2016) was based on theoretical hydrodynamical models and might be correct, but because it is based on theoretical models, it is not expected to take the different ages and masses of our stars into account. These differences might affect the microturbulence. The calibration from Monaco et al. (2005) (from 1.15 to 1.92 kms -1 ), the calibration from Mashonkina et al. (2017) spans the range 1.35-1.65 kms -1 , and the calibration from Dutra-Ferreira et al. (2016) is systematically lower than this last range by 0.16 kms -1 . We decided to allow MyGIsFOS to derive the microturbulence from clean Fe I lines, while we kept the other stellar parameters fixed (T eff and log g). The values for the microturbulence we derive span from 1.18 to 2.9 kms -1 , with an average value at 1.6 kms -1 . We assumed an uncertainty of 0.3 kms -1 for the microturbulence.

As a test, we allowed MyGIsFOS to derive the microturbulence and the surface gravity from the iron balance simultaneously (see Sbordone et al. 2014, for details). In this case, ξ spans almost the same range (1.18 ≤ ξ ≤ 2.94), and log g is in the range 1.03-3.18, which is slightly lower than with the surface gravity derived from the parallaxes, where log g is in the range 1.05-3.27, but still well within the uncertainties.

The range in the stellar parameters is 4000 < T eff < 5060 K, 1.0 < log g < 3.3, and -0.9 ≤ [Fe/H] < 0.2. The adopted stellar parameters are shown in Fig. 2. Two PARSEC isochrones (Bressan et al. 2012;Marigo et al. 2017) coloured following Gaia EDR3 are provided to guide the eye, and they are listed in the appendix in Table B.2. The dashed lines delimit the parameters of the grid of the synthetic spectra used by MyGIsFOS in the abundance analysis determination (see Sect. 4.2). The figure shows that we had to extrapolate from the grid in surface gravity for a few stars: stars RVS 099, RVS 127, RVS 148, and RVS 157, whose log g extend from 3.1 to 3.3. These stars were designated to the unevolved star sample of the same program and will be reanalysed with the dwarf grid.

Abundances

With the adopted stellar parameters, the observed spectra were analysed with MyGIsFOS (Sbordone et al. 2014) to derive the metallicity and the detailed chemical abundances. The grid of synthetic spectra, based on ATLAS 12 models (Kurucz 2005), was computed with Synthe (Kurucz 2005) in its Linux version (Sbordone et al. 2004). The grid we used has T eff in the range 4000-5200 K with a step of 200 K, log g from 0.5 to 3.0 with a step of 0.5 dex, metallicity from -1.0 to +0.5 with a step of 0.25 dex, microturbulence of 1, 2, and 3 kms -1 , and an enhancement in α-elements of -0.4, 0.0, and +0.4 dex. The atomic data for the lines are taken from the list used in Gaia ESO Survey internal data release 4 (see Smiljanic et al. 2014 andHeiter et al. 2015, see also Heiter et al. 2021). The solar abundances adopted in the models and synthesis computations are reported in Table 1.

For consistency, we applied these values in all the figures, and we also scaled the comparison samples to our adopted solar values. We would like to point out that the automatic analysis performed by MyGIsFOS has the advantage of being fast when the regions to be investigated by the code and the ranges for the pseudo-normalisation are fixed and when the code is optimised for the set of data (see Sbordone et al. 2014). The drawback is that single spectra can be corrupted (e.g. telluric absorption or a cosmic ray) in the wavelength range that is selected for the pseudo-continuum determination or for the line-profile fitting. In several wavelength ranges of these observations, the telluric contamination is an issue, and telluric lines in a selected range may affect the local continuum determination. MyGIsFOS has been built to reject untrustworthy fits, but a manual analysis would allow saving some corrupted features by changing the range for the fit or the continuum, for example. An automatic fast analysis appeared to be the best choice in view of the large set of data that was to be analysed. This is surely the case of surveys such as are expected with WEAVE [START_REF] Dalton | Proc. SPIE[END_REF]) or 4MOST (de Jong et al. 2019), but the sample of stars expected for this project will hopefully also contain several hundred spectra. The results from the automatic analysis might not be so precise for the single star, for a single element, but if one star looks unusual or an element is particularly determinant, it can be inspected and reanalysed. 

Metallicity

The metallicity derived from the Fe I lines ranges from -0.90 to +0.16. Many Fe I lines are available in the spectral range (from 71 to 191, with an average of 127 lines) to derive the Fe abundance and provide an average line-to-line scatter of σ Fe = 0.16 ± 0.02 dex, with a range from 0.12 to 0.21. For all stars we were able to also derive A(Fe) from a limited number of Fe II lines (from three to seven), which provide an average lineto-line scatter of σ Fe = 0.12 ± 0.04. We used the Fe abundance derived from the Fe I lines to determine the [X/Fe] ratios.

Carbon

Three atomic lines of C I (833, 872, and 911 nm) were investigated by MyGIsFOS in the observed spectra. We know from the solar investigation that the line at 872 nm is formed close to LTE conditions (Caffau et al. 2010;Amarsi et al. 2019), but this line is weak and sometimes distorted. The other two lines suffer from NLTE effects and might also be affected by telluric absorption (depending on the radial velocity of the star and the heliocentric velocity at the observing time). We were able to derive A(C) from the 872 nm line for all but one star. Figure 3 shows the [C/Fe] ratio versus the metallicity, with carbon abundance derived from the 872 nm C I line. A(C) is low for most of the stars, but several of them have mixed their interior material, and a fraction of C has already been converted into nitrogen in their evolution status.

When the errors in the [C/Fe] determinations are taken into account, it is reasonable to consider all stars with -0. RVS 103,RVS 123,RVS 124,RVS 133,RVS 134,RVS 146,RVS 147,RVS 150,RVS 153,RVS 154,RVS 160,RVS 163,and RVS 179. 4.2.3. Oxygen The two forbidden oxygen lines at 630 and 636 nm are both in the observed range. These lines form in conditions close to LTE and in evolved stars they are stronger than in main-sequence stars. We were able to analyse at least one of these lines for all stars. When both lines are not contaminated by blends, the abundance derived from the two lines is good and shows an average difference of 0.02 dex, as found by Caffau et al. (2013) in the case of evolved stars. Figure 4 shows [O/Fe] versus stellar metallicity [Fe/H]. This shows the behaviour of increasing [O/Fe] as [Fe/H] decreases. This behaviour is familiar for this element and all α-elements.

Ionisation equilibrium

We recall that the surface gravity was derived using the Gaia EDR3 parallax (see Sect. 4.1) and not from the spectra by imposing the same Fe abundance as when the surface gravity is derived from Fe I and Fe II lines. Figure 5 compares the abundance derived from neutral and singly ionised species for Sc, Ti, and Fe. The trend is good in general. The difference between the abundances derived from neutral and ionised lines are close to zero on average, but the scatter is not negligible. For all stars except for one, the difference in A(Fe) when derived from neutral and ionised Fe lines ranges from -0.24 to +0.25. For the star RVS 160, the disagreement is 0.49 dex.

α elements

As α elements, Mg, Si, S, and Ca were investigated. We show their abundances in Fig. 6 versus stellar metallicity.

To determine the Mg abundance, MyGIsFOS kept from 1 to 13 Mg I features. The line-to-line scatter ranges from 0.02 to 0.14 dex, with an average value of 0.06 dex. A clear increase in [Mg/Fe] for decreasing metallicity is evident in the upper panel of Fig. 6, and the star-to-star scatter is small.

For the Si abundance, MyGIsFOS selected from 16 to 29 features in the wavelength range. In the sample of stars [Si/Fe] = 0.15 ± 0.07, and the average line-to-line scatter in the stars is 0.1 dex. The middle panel of Fig. 6 shows [Si/Fe] as a function of [Fe/H].

Using from one to six Ca I features, MyGIsFOS was able to derive the Ca abundance for 77 stars. The line-to-line scatter is small, σ = 0.04 ± 0.02.

The sulphur abundance was derived from the S I triplets of Mult. 8 at 675 nm. The lines of Mult. 8 form close to LTE conditions. [S/Fe] behaviour as a function of metallicity is not as clear as for the other α elements (see Fig. 7) and the star-to-star scatter is also quite large, but this is due to the fact that only one or two measurement support the A(S) determination and these features are weak. Some stars show a low S abundance, but this is compatible with the uncertainty with a normal, solar-scaled abundance.

Light elements

MyGIsFOS was able to derive A(Al) for all stars in the sample by using from two to eight Al I features. The line-to-line scatter is always small (from 0.01 to 0.16 dex). All strong Al I lines show effects of departure from LTE. To give an idea of the NLTE effects on the Al lines, we investigated one star, RVS 123. The NLTE corrections for the two lines at 669 nm are about 0.15-0.20 dex, for the two lines at 783 nm, they are in the range 0.13-0.17 dex, and for the two lines at 877 nm, they are about 0.15-0.20 dex. Therefore the LTE analysis of the Al I lines in the near-IR range provides an overestimation of A(Al) for these parameters of about 0.15-0.20 dex. For all stars in the sample, the Sc abundance was derived from the Sc I and Sc II lines. Only a few lines for neutral and singly ionised Sc lines (from one to five and from one to four, respectively) can be used to determine the abundance. The lineto-line scatter is generally small (0.09 dex on average), but for one and two cases in the two ionisation states with an abundance determination from more than one line (RVS 133 for Sc I, and RVS 042 and RVS 132 for Sc II), the line-to-line scatter is larger than 0.3 dex. The agreement in the Sc abundance when derived from neutral and singly ionised lines is reasonably good (see Sect. 4.2.4).

For all stars, A(Ti) was derived from Ti I by investigating a large number of lines (MyGIsFOS retained from 41 to 75 lines) and providing a relatively low line-to-line scatter (0.12 dex on average). A(Ti) was also derived by using Ti II lines (from one to four lines), with a slightly smaller line-to-line scatter (0.09 dex on average). The comparison of A(Ti) when derived from neutral or singly ionised lines is similar to the cases of Fe and Sc, and is shown in Fig. 6.

Iron peak elements

A good sample of V I features (from 9 to 38) was used by MyGIsFOS to derive A(V) with a relatively small line-to-line scatter (0.12 dex) on average. For the sample of stars, we derive [V/Fe] = 0.02 ± 0.07. Only one star shows a relatively high [V/Fe] ratio of +0.31 (RVS 160).

Several Cr I features (from 18 to 31) were kept by MyG-IsFOS in the A(Cr) determination, providing a reasonably good line-to-line scatter (0.11 dex on average). We derive [Cr/Fe] = 0.03 ± 0.05 for the sample of stars.

Only a few features (from three to four) of Mn I were retained by MyGIsFOS in the Mn abundance determination. The lineto-line scatter is normally larger than for the other elements (the average value is 0.21 dex) and for the complete sample [Mn/Fe] = 0.02 ± 0.05.

A nice sample (from 10 to 27) of Co I features allowed us to derive A(Co) with a good line-to-line scatter (0.14 on average). From the complete sample, we derive [Co/Fe] = 0.08 ± 0.06.

From 21 to 46 lines of Ni I we derived the Ni abundance for all stars with a reasonable line-to-line scatter (0.18 on average). For the complete sample, [Ni/Fe] = 0.0 ± 0.03.

Rubidium abundance

Based on the two Rb I lines in the wavelength range, MyGIs-FOS was able to derive the Rb abundance for 48 stars using only the line at 794 nm. To be able to use both lines, we also derived the Rb abundance by line-profile fitting of the two Rb I observed lines. A model atmosphere was computed for each star with ATLAS 9 (see Kurucz 2005), with the adopted stellar parameters. In order to find the atomic level populations and the departure coefficients (the b-factors, where b = N NLTE /N LTE ) for Rb I, we employed the code MULTI (Carlsson 1986), modified by Korotin et al. (1999) for the opacity unit of the ATLAS 9 code of stellar atmosphere computations (Castelli & Kurucz 2003) to be applicable in our calculations. The rubidium NLTE atomic model is described in detail in Korotin (2020). The theoretical synthesis was computed with the SynthV software package (Tsymbal 1996), which is designed to model a synthetic stellar spectrum. The synthetic spectrum included all of the lines in a specified wavelength range from the VALD list of lines (Ryabchikova et al. 2015) calculated in LTE and the rubidium lines we are interested in, whose source function and opacities were calculated from the corresponding b-factors. We derived the LTE and NLTE abundances of Rb for all stars.

The NLTE corrections strongly and unambiguously depend on atmospheric parameters and elemental abundance. The values of NLTE corrections can have both positive and negative values. In this relatively small metallicity range, the NLTE effects are weakly dependent on metallicity. In contrast, there is a trend of the NLTE correction with temperature: for the coolest stars, the correction is small and positive and then decreases with increasing temperature. For the hottest stars in the sample, the correction is the maximum in absolute value and is about -0.10 dex. In Fig. 8, the [Rb/Fe] ratio is plotted as a function of [Fe/H], and both the LTE and NLTE A(Rb) are provided for the [Rb/Fe] ratio (empty red and filled black symbols in the figure, respectively). The LTE and the NLTE values are compared to the same solar abundance of A(Rb) = 2.60 form Lodders et al. (2009) (see Table 1) and to the Fe abundance here derived in LTE.

We compared the results on the Rb abundance derived from the 794 nm line from MyGIsFOS and the fitting procedure of the observed line profile: the abundances we derive are very similar, they have a difference of -0.00 ± 0.05, and all stars show a difference in the Rb abundance from the two approaches within 0.1 dex. 

Heavy elements

The heavy elements were derived by matching the observed spectrum around each line of the list with a synthetic spectrum using the LTE spectral line analysis code turbospectrum (Alvarez & Plez 1998;Plez 2012), which treats scattering in detail. We used the ATLAS 9 models computed with the specific stellar parameters for each star as given in Table B.2.

For the heavy elements, we analysed Zn, Sr, Y, Ba, and Eu. We selected the following lines: the 481 nm Zn I line for Zn, the Sr I line at 707.01 nm for Sr, we analysed the 679.5 nm Y I and the 572.8 nm Y II lines for Y, the 664.5 nm Eu II line for Eu, and the two Ba II lines at 585.3 and 614.2 nm for Ba. The trend with respect to [Fe/H] of Sr, Y, Ba, and Eu are shown in Fig. 9. The [Zn/Fe] ratio is negative for all but one star (the most metal-poor star); the average value in the sample is [Zn/Fe] = -0.27 ± 0.13.

Kinematics and orbital properties of stars in the sample

To study the kinematics and orbital properties of stars in the sample, we calculated the positions and velocities in the galactocentric rest frame by assuming an in-plane distance of the Sun from the Galactic centre, R = 8.34 kpc (Reid et al 2014), a height of the Sun above the Galactic plane, z = 27 pc (Chen et al 2001), a velocity for the local standard of rest (LSR), V LSR = 240 km s -1 (Reid et al 2014), and a peculiar velocity of the Sun with respect to the LSR, U = 11.1 km s -1 , V = 12.24 km s -1 , W = 7.25 km s -1 (Schönrich et al 2010). The transformations from equatorial to galactocentric coordinates were performed by using the Astropy software (Astropy Collaboration 2013, 2018). In Fig. 10 we show the Toomre diagram, that is, the V Φ -V R 2 + V Z 2 plane, with V R and V Z being the radial and vertical components of the velocity of stars, respectively, and we colour-code stars depending on their [Fe/H] and [Mg/Fe] content.

In this plane, most of the stars (59 out of 80) in the sample appear to be kinematically associated with the thin disc because the absolute value of their velocity, (V φ -V LSR ) 2 + V R 2 + V Z 2 , relative to the LSR, is lower than 50 km s -1 . The remaining stars (21 out of 80) all have hotter kinematics: for 19 of them, the absolute value of their velocity lies between 50 and 100 km s -1 ; the two stars that show the hottest kinematics (RVS065 and RVS138, with (V φ -V LSR ) 2 + V R 2 + V Z 2 = 148.73 and 140.31 km s -1 , respectively) also have the lowest [Fe/H] values and the highest [Mg/Fe] ratios.

The cold kinematics of these stars is also reflected in their orbital properties: most of the stellar orbits are indeed confined close to the Galaxy midplane, with z max ( the maximum height from the plane that a star can reach) lower than 500 pc (see Fig. 11).

To integrate the orbits of stars, we used the axisymmetric Galactic potential "PII" (described in Pouliasis et al. 2017), which consists of a thin and a thick stellar disc and a spherical dark matter halo, and which reproduces a number of characteristics of the Milky Way (see Pouliasis et al. 2017, for details). Starting from the current positions and velocities of stars in the galactocentric rest frame, derived as described above, we integrated their orbits backward in time for 5 Gyr by making use of a leap-frog algorithm with a fixed time step ∆t = 10 5 yr. For each star, we thus reconstructed its orbit in the Galactic potential we adopted, and hence estimate the maximum height from the plane, z max , that it reaches, as well as its (in-plane) apocentre R max . To estimate the uncertainties on the orbital parameters, we computed 100 realisations of its orbit for each star by making use of the 100 random realisations of its parallax, proper motions, and line-of-sight velocity, as described above. All these realisations were also integrated in the same Galactic potential and for the same total time interval. The orbits of all stars are reported in Appendix A.

Discussion

Stellar parameters

We compared the derived effective temperatures and surface gravities to the values derived using the calibration by Mucciarelli & Bellazzini (2020): our T eff is systematically lower, overall at the lowest temperatures, by -55 ± 39 K, with a maximum difference of -145 K for the star RVS 065. The differences in log g are negligible and simply reflect the difference in the temperature scale.

The ionisation balance we derive in the stars we analysed is acceptable, but far from perfect (see Sect. 4.2.4). It is always a decision to be taken: derive the stellar parameters and abundances from the spectra, or take advantage of other available observations and calibrations (in the case of the microturbulence) for the stars. These stars are bright, and the Gaia EDR3 photometry and the parallaxes are both good. In addition, we have access to precise maps from which to derive the reddening of these relatively close-by stars. We therefore decided to derive the stellar parameters as much as possible without the information available from the spectra.

We recall that we derived the gravity from the parallax corrected for the zero-point. When the abundances derived from neutral and singly ionised species are compared, we also see a certain scatter, if not a systematic trend.

To verify the disagreement of log g derived from the parallax and from the ionisation equilibrium, with fixed effective temperatures (those derived from the photometry), we allowed MyGIsFOS to derive the surface gravity by imposing an ionisation equilibrium of the iron lines of the two ionisations states (see Sbordone et al. 2014, for details). For coherence with the analysis done with fixed log g, we also allowed the microturbulence to be derived by the code. The difference in surface gravities we obtain (from the parallax and from the Fe ionisation equilibrium) is generally tiny (0.01 ± 0.16), from 2.18 ± 0.47, in the range 1.05-3.27, when derived from the parallax to 2.17 ± 0.48, in the range A20, page 8 of 23 1.03-3.18, when derived from the Fe ionisation equilibrium. For all except two stars (RVS 155 and RVS 160), the difference is within 0.3 dex. The star RVS 160 showed the strongest ionisation unbalance with the surface gravity derived from the photometry and the parallax. With the ionisation balance, the surface gravity converges to log g = 2.78, providing a good ionisation balance, a surface gravity 0.72 dex higher than from the parallax. To derive a gravity like this from the calibration, a stellar mass of 20 M would be necessary.

The microturbulence increases by decreasing the surface gravity, as expected, but the stars showing the highest microturbulence are not the most evolved, nor are they the hottest in the sample. Seven stars (RVS 039,RVS 125,RVS 126,RVS 128,RVS 150,and RVS 153) have ξ > 1.95 kms -1 . This value is higher than any value we derived by using the calibration by Monaco et al. (2005). The question is whether these stars are different from the others, or if the values of microturbulence we derive are unreliable. Based on the isochrones, these stars are young (2-0.2 Gyr), and their masses are high (2 or more solar masses).

The microturbulence derived when log g is a free parameter for MyGIsFOS remains in the same range as when log g is fixed. The difference is small on average (0.0 ± 0.11 kms -1 ), but there are some outliers: seven stars show an absolute difference larger than 0.1 kms -1 , and for four stars (RVS 125, RVS 126, RVS 145, and RVS 147), this difference is larger than 0.2 kms -1 , All stars except for RVS 126, however, have an absolute difference smaller than 0.4 kms -1 . In the case of RVS 126, a microturbulence of 2.45 kms -1 is derived by MyGIsFOS when log g is kept fixed, while a value of 1.72 kms -1 is derived when the surface gravity is a free parameter as well.

Abundances

Figure 6 shows that the α-elements present the typical increase in their ratio to iron as metallicity decreases, as is normally expected in this metallicity range (see e.g. Nissen & Schuster 2010). In Fig. 12 our results are compared to the sample of unevolved stars by Bensby et al. (2014). To be fair in the comparison, we scaled their solar abundances to our adopted values. Our sample spans a metallicity subrange of the Bensby et al. (2014) sample, but we see a good agreement for Mg and Si, while our Ca abundances are perhaps slightly lower on average than the comparison sample, but we cannot explain this. Still, fewer lines were investigated than for Mg and Si, and Nissen & Schuster (2010) also reported a quite flat [Ca/Fe] ratio with a tiny difference between the two populations (high-α and low-α stars). As a sanity check, we analysed the UVES-POP (Bagnulo et al. 2003) spectrum of Arcturus (437B, 580L, 580U, and 860L). The analysis for Mg, Si, and Ca is perfectly compatible with the sample of stars we investigated. Too few of our stars are metal-poor enough for us to be able to show the high-and low-α sequence as presented by Nissen & Schuster (2010). In the metallicity range in which the two populations can be distinguished ([Fe/H] < -0.5), we only have nine stars. These stars probably belong to the Galactic thick disc; they have an average distance of 600 parsec in the range 290-600 parsec. The complete sample is in the distance range 151-1160 parsec from the Sun.

The iron peak elements are derived with reasonably good accuracy, and they trace the Fe abundance well. In Fig. 13 they are compared to the Nissen & Schuster (2010) investigation. The agreement in the overlap metallicity range is good.

In Fig. 14 we compare the Sr and Eu abundances we derive with the analysis by Battistini & Bensby (2016). The two samples behave similarly, although for Sr in the Battistini & Bensby (2016) sample, [Sr/Fe] is predominantly sub-solar, while in our sample it is close to solar except for one star, RVS 125. This star shows high abundance ratios for [Sr/Fe] = 0.89, [Y/Fe] = 0.77, [Ba/Fe] = 0.51, and [Eu/Fe] = 0.74, while this star is normal in Rb, [Rb/Fe] = -0.09. We recall that this star, according to our analysis, is young, and we derived a mass of 3.4 M . Tomkin & Lambert (1999) (red squares for giants, and blue squares for dwarfs). The horizontal dotted line is the reference zero value with A(Rb) = 2.60 as the solar abundance, the dashed line would be the zero solar value if the meteoritic Rb abundance, A(Rb) = 2.38, were adopted. sample of giant stars. We note a general good agreement except at high metallicity, where we find several stars with higher Rb abundance that are not present in the sample of Takeda (2021). The six stars in our sample, at the highest metallicity, standing out for a high [Rb/Fe] ratio, are similar in stellar parameters when compared to the sample by Takeda (2021).

Rubidium

As discussed in [START_REF] Abia | [END_REF] and Figs. 15 and 16 show, the majority of the stars (37 out of 48 for which Rb is detected) show [Rb/Fe] < 0.0. This is also visible in the comparison samples of Tomkin & Lambert (1999) and Takeda (2021). Rubidium shows a sub-solar abundance for stars around solar metallicity. This effect depends on the choice on the solar Rb abundance. The solar reference value of A(Rb) = 2.60 adopted here is higher by about 0.2 dex than the meteoritic value (2.38 ± 0.03, Lodders et al. 2009;2.36 ± 0.03, Lodders 2019). The solar LTE abundance given by Grevesse et al. (2015) is somewhat lower (A(Rb) = 2.47 ± 0.07) and closer to the meteoritic and solar system values. More recently, Korotin (2020) found that the solar Rb resonance lines deviate substantially from LTE, characterised by an NLTE correction of -0.12 dex. This leads to a solar NLTE Rb abundance of 2.35 ± 0.05 that is fully consistent with the meteoritic value. This appealing result was challenged by Takeda (2021), who reported smaller solar NLTE corrections of about -0.05 dex. Nevertheless, taking NLTE effects into account brings the solar Rb abundance close to the meteoritic value. Adopting the meteoritic abundance as the solar reference would result in a super-solar [Rb/Fe] ratio for many stars around solar metallicity.

For the solar case, Grevesse et al. (2015) reported a difference in A(Rb) derived from the two Rb I lines. The line at 794 nm indicates a lower solar Rb abundance than the Rb I 780 nm line; the difference is 0.11 dex (see their Sect. 5.6). Grevesse et al. (2015) suggested that an "unknown blend" in the range of the 780 nm line leads to an overestimation of the Rb abundance inferred from this line. Similarly, Korotin (2020) reported am NLTE Rb abundance of 2.40 and 2.30 from the 780 and the 794 nm line, respectively. NLTE effects cannot explain the abundance discrepancy between the two lines because the NLTE corrections are identical for the two fine-structure components. Takeda (2021) suggested that a possible cause for the discrepancy in the solar spectrum might be the telluric contamination of the 794 nm line. Over-subtraction of the telluric absorption would lead to an underestimation of the Rb abundance deduced from that spectral line. His reasoning is based on his results for HIP 104214, a K dwarf with relatively strong Rb I lines. Because of the high radial velocity of -82 km s -1 , the 794 nm line is free of telluric contamination. From the NLTE analysis of his high S/N spectrum, the author found that although the abundance difference between the two Rb lines has the same sign as in the Sun, it is too small to be considered significant. A high-resolution spectrum of sunlight reflected off an asteroid A20, page 11 of 23 A&A 651, A20 (2021) with a sufficiently high radial velocity to shift the telluric blend away from the 794 nm line might shed new light on the solar Rb line discrepancy.

We also investigated the possibility that the discrepancy might be related to the fact that the Rb 780 nm line originates on the red shoulder of a strong Si I line. A similar case is the Li doublet at 670.7 nm in metal-poor stars, where the 6 Li component falls on the red wing of the stronger 7 Li doublet. When the analysis was performed using 1D stellar models, the line asymmetry of 7 Li cannot be taken into account and the (possible) presence of the 6 Li is overestimated (for details, see Cayrel et al. 2007). Another example is the weak thorium line at 401.9 nm on the red wing of a strong Fe-Ni blend. As shown by Caffau et al. (2008), the abundance derived from this unique Th line in the solar spectrum is lower by 0.1 dex when the analysis is based on a 3D hydrodynamical atmosphere rather than on a 1D hydrostatic model. Convective Doppler shifts cause a slightly stronger absorption in the red wing of the 3D Fe-Ni line profile, reducing the amount of thorium that is required to match the observed spectrum.

To verify whether a similar scenario might lead to a reduction of the Rb abundance derived form the 780 nm line, we analysed the asymmetry of the underlying Si I line profile computed from a 3D solar CO 5 BOLD (Freytag et al. 2012) model atmosphere. We find that the overall asymmetry of the Si I line is minor, and that somewhat unexpectedly, the blue wing is slightly deeper than the red wing, meaning that the asymmetry is opposite to what would be needed to support the above scenario. We conclude that 3D effects are unlikely to be the cause of the solar Rb line discrepancy. The 3D LTE granulation correction is about -0.04 and -0.06 dex for intensity and flux, respectively, and it equally affects both Rb lines.

For the 68 stars for which both lines are retained, we do not see a systematic difference in A(Rb) between the two lines in LTE or in NLTE. The abundance difference between the two lines ranges from -0.05 to +0.04 in LTE and NLTE, with an average close to zero.

We compared the LTE A(Rb) to the abundances of the s-process elements Sr and Y (see Fig. 17). The average ratios we derive are [Rb/Sr] = -0.10 ± 0.13 and [Rb/Y] = -0.19 ± 0.16. The stars in our sample do not show high [Rb/Sr] or [Rb/Y], suggesting a low neutron density at the sites of the s-process for these stars (Smith & Lambert 1984). The relatively low values are a consequence of the choice of the high solar A(Rb). Had we adopted the meteoritic value as the solar reference, [Rb/Y] would be closer to zero and [Rb/Sr] positive. As expected, all stars behave in a similar way, and we do not find abnormally high [Rb/Sr] or [Rb/Y] values for any star in the sample.

The only star that stands out is RVS 125, showing exceptionally low abundance ratios: [Rb/Sr] = -1.0 and [Rb/Y] = -0.89. It is easily detectable as the outstanding low point in Fig. 17. The low values are a consequence of the exceptionally high Sr and Y abundances of this star, while the Rb abundance is normal. In this star, all the neutron capture elements appear to be enhanced with respect to iron, including Eu. The high mass (M = 3.4 M ) we derive for this star and its position with respect to the isochrones suggest that RVS 125 is most likely an AGB star. However, its luminosity is too low to be self-enriched in s-process elements because this should only happen when the star is in the phase of the thermal pulses (TP-AGB, see e.g. Busso et al. 1999, 2021 andreferences therein). Furthermore, the overabundance of Eu precludes this interpretation because Eu is a pure r-process element. A possible concern regarding the spectroscopic analysis might be that (in LTE) the Fe I to Fe II and the Ti I to Ti II ionisation balance of this star is offset by about 0.1 dex, whereas the microturbulence is rather high (2.41 km s -1 ). To determine to which extent the atmospheric parameters may affect the derived abundances, we repeated the analysis of this star, but now allowing all stellar parameters except for T eff to be automatically adjusted by MyGIsFOS. In this case, the ionisation balance is enforced, the derived surface gravity is higher, and the microturbulence lower. The [Sr/Fe], [Y/Fe], and [Eu/Fe] ratios remain higher than +0.4 dex, however. We conclude that it appears to be unlikely that a different choice of atmospheric parameters may bring these ratios close to zero. It is also difficult to invoke deficiencies in our analysis, such as the neglect of NLTE and 3D effects, because these should equally affect the other stars with similar atmospheric parameters. The abundances of n-capture elements in this star deserve further investigation.

Conclusions

We here presented the chemical investigation of a sample of UVES spectra that will be used to determine the LSF across the focal plane of the RVS on board of Gaia and to improve the radial velocity determination of the Gaia observations. The stars in this sample were selected from the Gaia DR2 photometry as evolved, possibly slightly metal-poor stars. Selection criteria were also (i) a good precision in the Gaia DR2 radial velocity and (ii) no known chemical investigation, in a way to increase the sample of bright Galactic stars with a detailed chemical inventory. To our knowledge, none of the 80 stars we analysed has a previous chemical investigation. We were able derive a complete chemical analysis for all the stars (α, iron-peak, and heavy elements). No peculiarity in the chemical inventory was found, except for one star, RVS 125, which shows a high Sr, Y, Ba, and Eu abundance, but a normal Rb abundance.

We gave particularly attention to Rb, an element that is often neglected because only few Rb I lines are available in the spectra of cool stars and because of their wavelength position, which is not always covered by optical or infrared spectrographs. We computed NLTE effects for the stars. These effects are generally small and never exceed 0.1 dex. Our LTE and NLTE analyses are comparable to the literature results.

Kinematically, these stars belong in their majority to the thin disc. They lie close to the Galactic plane. 

Figure 1 :

 1 Figure 1: Ajustement du doublet de résonance Li à 670.7 nm pour l'étoile pauvre en Li CS 22188-033 et l'étoile sans Lithium CS 22882-027. La ligne rouge représente le meilleur ajustement.

Figure 3 :

 3 Figure 3: Comparaison des abondances de l'étoile α-pauvre CS 30302-145 de notre échantillon (ligne violette avec [Fe/H] ∼-3) avec les étoiles de la littérature: a) HE 1424-0241 (ligne orange, avec [Fe/H] ∼-4 (Cohen et al., 2002)), b) BD+80 245 (ligne bleue, avec [Fe/H]∼-2 Ivans et al. (2003)), c) G4-36 (ligne rose, avec [Fe/H]∼-2 (Ivans et al., 2003)).

Figure 4 :

 4 Figure 4: L'étoile G122-69 est représentée par la couleur bleue et l'étoile G139-08 par la couleur verte. En haut: La figure montre comment les deux étoiles se trouvent bien en dessous du Spite plateau. En bas: Comparaison de la photométrie Gaia DR2 des étoiles G122-69 et G139-08 avec une isochrone PARSEC de métallicité -2 et d'âge 7 et 12 Gyr.

Figure 5 :

 5 Figure 5: Comparaison des isochrones PARSEC de métallicité -3.0 et d'âges 8, 12 et 14 Gyr avec la position des étoiles dans le diagramme couleur-magnitude dérivé à partir de la photométrie Gaia-DR2. Les étoiles de l'étude sont représentées par des points noirs, les étoiles pauvres en Li (étoiles plus de 2 σ du plateau Li) sont entourées d'un cercle rouge et les trois étoiles pauvres en Li de l'échantillon LP-"First Stars" sont les points verts entourés d'un cercle rouge.

Figure 6 :

 6 Figure 6: Schéma chimique des deux étoiles de l'échantillon, TYC 622-742-1 (couleur noir) et TYC 1193-1918-1 (couleur bleu). Les abondances dérivées des raies neutres sont représentées avec des symboles pleins et les abondances des raies ionisées sont visualisées avec des symboles vides. Gauche: Par rapport aux deux étoiles à grande vitesse de Valentini et al. (2019) (couleurs vert et rose). Droite: Comparé à l'étoile HD2796 du large programme ESO First Stars (couleur rouge) avec [Fe/H]=-2.5 , T eff =4950 K, log g =1.5 dex.

Figure 7 :

 7 Figure 7: Étude des abondances de CNO par rapport à la log g. L'étoile marron représente TYC 622-742-1 et TYC 1193-1918-1 est l'étoile verte. Les points verts correspondent aux étoiles à haute vitesse de l'échantillon de Caffau et al. (2020) et les points jaunes aux étoiles de Gratton et al (2000).

Figure 8 :

 8 Figure 8: Position des étoiles, TYC 622-742-1 (triangle bleu) et TYC 1193-1918-1 (carré orange), sur l'orbite Énergie. Les points noirs montrent les étoiles de l'échantillon Bonifacio et al. (2021).

Figure 10 :

 10 Figure 10: Détermination de la vitesse radiale de l'étoile Pristine 236.7635+05.4474.

Figure 12 :

 12 Figure 12: Orbite des étoiles Pristine 014.0757+28.4964, Pristine 219.0145+11.6057 et Pristine 246.4405+15.0899 (panneaux de haut en bas).21

Figure 2 . 1 :

 21 Figure 2.1: Gaia satellite, image provided by ESA.

Figure 3 .

 3 Figure 3.1: Visualisation of the Spite plateau, A(Li) ≈ 2.2, red dashed line from Spite et al. (2012). Lithium abundance vs. effective temperature for warm, very metal-poor stars. Where the symbols represent: a) Charbonnel & Primas (2005), b) Asplund et al. (2006), c) Meléndez et al. (2010), d) Aoki et al. (2009), e) Hosford et al. (2009), f) Bonifacio et al. (2007), g) Sbordone et al. (2010), h) Schaeuble & King (2012).

Figure 3 .

 3 Figure 3.2: Visualisation of the meltdown from Sbordone et al. (2010). Lithium abundance vs. [Fe/H], with a common temperature scale. Where the symbols represent: blue circles: Asplund et al. (2006); red triangles: Aoki et al. (2009); magenta squares: CS 22876-032 from González Hernández et al. (2008), filled symbol primary star, open symbol secondary star; black diamonds: Sbordone et al. (2010) with the BA temperature scale. Dot-dashed gray line, best linear fit to Asplund et al. (2006), continuous dark gray line best fit to Sbordone et al. (2010). The vertical red dashed lines delimit the validity range of the Spite plateau.

  Figure 3.4: Comparison of the Gaia DR2 photometry of CS 22188-033 to a PARSEC isochrone of metallicity -3.0 and age 8, 10, 12 and 14 Gyr.

Figure 3 . 5 :

 35 Figure 3.5: Comparison of the T eff and log g we adopted and the values of the 3D model adopted in the Sbordone et al. (2010) paper.

Figure 3 .

 3 Figure 3.6: The three upper pannels show fit of the Li 670.7 nm resonance doublet for three stars with a Li abundance compatible with the plateau. The two lower pannels represent Li 670.7 nm resonance doublet for the Li-poor star CS 22188-33 and the Lithium-free star CS 22882-027. The red line represent the best fit.

Figure 3 . 7 :

 37 Figure 3.7: Lithium abundance vs. [Fe/H] for the stars of our sample (black dots) and of the LP "First

Figure 3 .

 3 Figure 3.8: Analysis by spectrum synthesis of the G-band around 430 nm for the CS 22188-033 and CS 22882-027 stars.

Figure 3 .

 3 Figure 3.9: Analysis by spectrum synthesis of the G-band around 430 nm for the CS 22950-173 and CS 29516-028 stars.

  . For the rest of the Mg lines, the equivalent widths are used. The stars of our sample show positive and fairly constant ratios of [Mg/Fe] with values of ⟨[Mg/Fe]⟩ = +0.24 ± 0.10 dex. The star CS 30302-145 has not been taken into account in the computation of the mean [Mg/Fe] ratio because it exhibits a significantly low Mg value. This star presents a difference of 0.42 dex from the average value. The CEMP star HE 1413-1954 has the highest [Mg/Fe] ratio of our sample, as not unusual for a CEMP star.

Figure 3 .

 3 Figure 3.10: The Mg abundance deduced from the three Mg lines blended by hydrogen lines (around 383 nm) have been done by spectrum synthesis for the CS 22950-173 star.

Figure 3 .

 3 Figure 3.11: The Mg abundance deduced from the three Mg lines blended by hydrogen lines (around 383 nm) have been done by spectrum synthesis for the BS 17572-100 and CS 22882-027 stars.

Figure 3 .

 3 Figure 3.12: The Ca ii abundance deduced by spectrum synthesis. It is based on one single measured line, the line at 392.3 nm for the CS 22188-033, CS 22882-027 and CS 30344-070 stars.

Figure 3 .

 3 Figure 3.13: The Na i abundance deduced by spectrum synthesis. The analysis is based on the sodium doublet D lines (588.99 nm and 589.59 nm) for the CS 22882-027, CS 22950-173 and CS 29514-007 stars.

Figure 3 .

 3 Figure 3.14: The Al abundance deduced by spectrum synthesis. The analysis is based on the resonance doublet of Al i at 394.40 and 396.15 nm for the CS 22950-173, CS 29491-084 and CS 29516-028 stars.

Figure 3 . 15 :

 315 Figure 3.15: The Mn triplet at 403 nm is analysed by synthetic spectrum for the CS 29491-084, CS 29514-007 and CS 30344-070 stars.

Figure 3 .

 3 Figure 3.16: The Sr abundance deduced by spectrum synthesis. The analysis is based on the two ionised strontium lines at 407.7 nm and 421.6 nm for the BS 17572-100, CS 29491-084 and CS 30344-070 stars.

Figure 3 .

 3 Figure 3.17: Analysed by synthetic spectra the Ba line at 455.4 nm and 493.4 nm for the BS 17572-100 star and the Ba line at 455.4 nm for the HE 1413-1954 star.

Figure 3 .

 3 Figure 3.18: [Sr/Ba] vs. [Ba/Fe]. Blue symbols represent the "First Stars", light blue circles for dwarfs and dark blue squares for giants. The black dots represent our sample of dwarfs. The dotted line represents the value [Sr/Ba] provided by the only r-process. CS 31082-001 is a typical r-rich star and on the contrary HD 122563 a r-poor star with "weak" r-process enrichment.

  has been found C-rich by Masseron et al. (2010) ([C/Fe] = 1.32±0.32) and Pols et al. (2012) ([C/Fe]=1.

Figure 3 .

 3 Figure 3.19: Abundance ratios of the α-elements as a functions of [Fe/H]. The black dots refer to the present study, the blue dots to the "First Stars" sample. The very lithium poor stars are surrounded by a pink circle. The α-poor star CS 30302-145 is represented by an orange star.

Figure 3 .

 3 Figure 3.20: Odd elements abundance. Symbols as in figure. 3.19

Figure 3 .

 3 Figure 3.22: Iron peak elements abundance. Symbols as in figure. 3.19. 61

Figure 3 .

 3 Figure 3.23: Comparison of the abundances of the α-poor star. The star CS 30302-145 in our sample (violet line, whose metallicity is [Fe/H] ∼-3) is compared with the stars in the literature, HE 1424-0241 (orange line, with [Fe/H] ∼-4 (Cohen et al., 2002)). Two less metal-poor but α-poor stars BD+80 245 (blue line) and G4-36 (pink line) have been added to this figure ([Fe/H]∼-2 following Ivans et al. (2003)).

Figure 3 .

 3 Figure 3.24: Comparison of PARSEC isochrones of metallicity -3.0 and ages 8, 12 and 14 Gyr with the position of the stars in the color magnitude diagram G 0 vs (Bp -Rp) 0 computed from the Gaia-DR2 photometry. The stars of our sample are represented by black dots, and the Li-poor stars (stars that deviate by more than 2 σ from the Li plateau) are surrounded by a red circle. The three Li-poor stars from the LP-"First Stars" sample (green dots surrounded by a red circle) have been added.

Figure 3 .

 3 Figure 3.25: Comparison of the Gaia DR2 photometry of G122-69 and G139-08 to a PARSEC isochrone of metallicity -2. and age 7 and 12 Gyr.

Figure 3 .

 3 Figure 3.26: The black dots show our stars and the green dots represent the dwarfs of the "First Stars" programme. The Li-poor stars are surrounded by a red circle and the low-alpha star by a blue square. The other very metal-poor and low α star HE 1424-0241 (Cohen et al., 2007) is indicated by a blue open diamond. The star poor in α elements, CS 30302-145, is shown as an orange star and the blue-straggler CS 22882-027 is represented by a violet star. The blue zone shows the location of the disk stars in this diagram. The region corresponding to the prograde and retrograde stars is indicated.

Fig. 2 .

 2 Fig.2. Comparison of the T eff and log g we adopted and the values of the 3D model adopted in Paper I.

Fig. 3 .

 3 Fig.3. Lithium abundance vs. [Fe/H] for the stars of our sample (black dots) and of the First Stars sample (green dots). The plateau is indicated by a red line. In both samples, the stars that deviate by more than 2σ from the plateau are surrounded by a red circle.

2A170Fig. 4 .

 4 Fig. 4. Abundance ratios of the α-elements as a functions of [Fe/H]. The black dots refer to the present study, and the green dots to the First Stars sample. The very lithium-poor stars are surrounded by a pink circle. The α-poor star CS 30302-145 is represented by a blue square.

Fig. 5 .

 5 Fig. 5. Odd element abundance. Symbols are the same as in Fig. 4.

Fig. 7 .

 7 Fig. 7. Neutron-capture elements. Symbols are the same as in Fig. 4.

Fig. 8 .

 8 Fig. 8. [Sr/Ba] vs. [Ba/Fe]. Green symbols represent the First Stars, circles show dwarfs, and squares show giants. The black dots represent our sample of dwarfs (Ba could be measured in only seven stars of the sample). The three Li-poor dwarf stars (with a measured Ba abundance) are circled in red. The dotted line represents the value [Sr/Ba] provided by the r-process alone. CS 31082-001 is a typical r-rich star, and in contrast, HD 122563, is an r-poor star with a relative enrichment of the first peak elements.
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  https://github.com/PaulMcMillan-Astro/GalPot the position of the First Stars (grey dots) in the five classical diagrams: -Fig. 9A Toomre diagram, V phi vs. V 2 R + V 2 Z ; -Fig. 9B z max vs. R max and arctan(R max /z max ) vs. R max -Fig. 9C L perp vs. Lz -Fig. 9D eccentricity vs. Lz -Fig. 9E Energy vs. Lz.

  5.1. Colour-magnitude diagram, age of the stars, and the blue straggler CS 22882-027.In Fig.10we plot the position of the PARSEC metallicity isochrones -3.0 for different ages (see also Sect. 3.1) in a G 0 versus (Bp-Rp) 0 diagram. The positions of the stars of our sample are marked by black dots, and the two Li-poor stars are circles in red.

Fig. 10 .

 10 Fig. 10. Comparison of PARSEC metallicity isochrones of -3.0 and ages 8, 12, and 14 Gyr with the position of the stars in the colourmagnitude diagram. The colours (Bp -Rp) 0 and the G 0 magnitudes of the stars have been computed from the Gaia-DR2 photometry. The stars of our sample are represented by black dots, and the Li-poor stars (stars that deviate by more than 2σ from the Li plateau) are circled in red. The three Li-poor stars from the First Stars sample (green dots) have been added.

Fig. 11 .

 11 Fig. 11. Comparison of the abundances of the α-poor star. The star CS 30302-145 in our sample (red line, whose metallicity is [Fe/H] ∼ -3) compared with the stars in the literature, HE 1424-0241 (blue line, with [Fe/H] ∼ -4, Cohen et al. 2002). Two less metal-poor but α-poor stars BD+80 245 (pink line), and G4-36 (green line) have been added to this figure ([Fe/H] ∼ -2 following Ivans et al. 2003).

Fig. A. 1 .

 1 Fig. A.1. LTE profile of the Si line in HE 1413-1954 computed with A(Si) = 3.7, 4.3, and 4.8 (blue lines) and with the best-fit value A(Si)=4.01 (red line). The NLTE value of A(Si)=5.09 would in this figure correspond to an LTE A(Si) value of about 4.8, which is incompatible with the observed profile,

  Fig A.1, we show the fit of our profile of the Si line. A170, page 15 of 15

Figure 4

 4 Figure 4.1: Comparison histogram metallicity of GSE by different samples from Bonifacio et al. (2021) where the colour indicate: black Bonifacio et al. (2021) sample, red his bias-corrected histogram biascorrected, blue Feuillet et al. (2020) and greenNaidu et al. (2020).
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 4 Figure 4.2: Representation of Hertzsprung-Russell diagram from Caffau et al. (2020) comparing the observed stars with isochrones of metallicity [M/H] = -1.5 at 1, 6 and 12 Gyr.

Figure 4 . 3 :

 43 Figure 4.3: Visualisation of the orbital parameters from Caffau et al. (2020). Where the red triangles show the prograde star, the open black symbols represent the retrograde star and the filled black squares indicate the unbound stars of the Caffau et al. (2020) sample.

Figure 4

 4 Figure 4.4: The cross-correlation function for TYC 622-742-1 star. The position of the peak implies v rad -115.09 ± 1.09 km/s.

Figure 4 . 5 :

 45 Figure 4.5: Same as in Fig. 4.4 but for star TYC 1193-1918-1. The position of the peak implies v rad -365.19 ± 0.89 km/s.

♦

  Effective temperature from the Mucciarelli et al. (2021) calibration: * TYC 622-742-1: T eff = 4243 K * TYC 1193-1918-1:T eff = 4700 K ♦ Interpolation in the PARSEC isochrones(Bressan et al., 2012; Marigo et al., 2017): * TYC 622-742-1: T eff = 4268 K, log g = 0.71, MetIso = -1.5 * TYC 1193-1918-1: T eff = 4621 K, log g = 1.75 , MetIso = -1.0

Figure 4

 4 Figure 4.6: TYC 622-742-1 star (brown) and TYC 1193-1918-1 star (green) in the Gaia colourmagnitude diagram, compared to 12 Gyr PARSEC isochrones.

  recommend using the calibration that takes into consideration other stellar parameters, T eff , log g, and [Fe/H]. ξ = 0.14 -0.08 • [Fe/H] + 4.90 • T eff 10000 -0.47 • log g The ξ from Mashonkina et al. (2017) is for extremely metal-poor (EMP) and ultra metal-poor (UMP) giants, and the stars I analysed are more metal-rich than the sample byMashonkina et al. (2017). Anyway, using this calibration I derived: * TYC 622-742-1: ξ = 2.07 ± 0.05 kms -1 * TYC 1193-1918-1: ξ = 1.74 ± 0.04 kms -1

  Fig. 4.8 and Fig. 4.9 two examples are shown: the continuum regions are visualised by grey rectangles, the fits are visualised by a violet solid line with each feature limited by a rectangle of different colours. If the rectangle is blue, it indicates that the analysed line is Fe i (see Fig. 4.8) and if it is light blue it represents an Fe ii feature (shows in Fig. 4.7

Figure 4 . 7 :

 47 Figure 4.7: Display of the MyGIsFOS program in the range of 552.6 to 553.6 nm for the TYC 622-742-1 star.

Figure 4 . 8 :

 48 Figure 4.8: Display of MyGIsFOS between 520.90 nm and 521.75 nm for the TYC 622-742-1 star.

Figure 4 .

 4 Figure 4.10: A range of the G-band of the TYC 622-742-1 star (solid black the observed spectrum) is compared to synthetic spectra (solid red and blue) to show the low A(C) in this star.

Figure 4 .

 4 Figure 4.11: A range of the CN band of the TYC 622-742-1 star is compared to synthetic spectra to show the high A(C) in this star.

Figure 4 .

 4 Figure 4.12: Chemical pattern for the two stars of the sample, TYC 622-742-1 (black circles) and TYC 1193-1918-1 (blue circles) compared with the two high-speed stars by Valentini et al. (2019) (green and pink circles). The abundances derived from neutral lines are represented with full symbols and the abundances from the ionized lines are visualised with empty symbols.

Figure 4 .

 4 Figure 4.13: Up panel show the abundance ratios of praseodymium as a functions of [Fe/H] by our sample, where TYC 622-742-1 is the brown star and TYC 1193-1918-1 is the green star. Down panel represents the abundance ratio or [Pr ii/Fe] vs [Fe/H] from the database of SAGA where the different colours and shapes indicate; green: MP, light blue cross: EMP and RGB, hollow orange square: C rich and RGB, square yellow filled: C rich and MS and dark blue triangle CEMP-s and RGB.

Figure 4 .

 4 Figure 4.14: Up panel show the abundance ratios of cerium as a functions of [Fe/H] by our sample, where TYC 622-742-1 is the brown star and TYC 1193-1918-1 is the green star. Down panel represents the abundance ratio of [Ce ii/Fe] vs. [Fe/H] from the database of SAGA where the different colours and shapes indicate; green: MP, light blue cross: EMP and RGB, hollow orange square: C rich and RGB, square yellow filled: C rich and MS, dark blue triangle: CEMP-s and RGB and red triangle: CEMP-no and RGB.

Figure 4 . 15 :

 415 Figure 4.15: Abundance ratios of [Zr i/Fe] vs. [Fe/H]. Up panel presents our study where where TYC 622-742-1 is the brown star, TYC 1193-1918-1 is the green star and the evolved stars by Ishigaki et al. (2013) are the light blue. Down panel shows the abundance ratio from the database of SAGA. The different green colour represents the MP.

Figure 4 . 16 :

 416 Figure 4.16: Abundance ratios of [Zr ii/Fe] vs. [Fe/H]. Up panel presents our study where where TYC 622-742-1 is the brown star, TYC 1193-1918-1 is the green star and the evolved stars by Ishigaki et al. (2013) are the light blue. Down panel shows the abundance ratio from the database of SAGA. The different colours and shapes preset; green: MP, light blue cross: EMP and RGB, orange asterisk: EMP and MS, yellow hollow square: C rich and RGB, dark blue square filled C rich and MS, red hollow triangle: CEMP-s and RGB, violet filled triangle: CEMP-s and MS, garnet hollow triangle: CEMP-no and RGB and orange filled triangle: CEMP-no and MS.

Figure 4 .

 4 Figure 4.17: Top panels: position of TYC 622-742-1 (blue triangle) and TYC 1193-1918-1 (orange square) according to their Galactocentric cylindrical velocities (V T vs V R and √ (V 2 R + V 2 Z ) vs V T left and right panel, respectively). Bottom panels: position of the target stars in the orbital Energy (right) and √ J R (left) vs L Z planes. Stars from the good parallax sample of Bonifacio et al. (2021) are shown as black dots. The red-shaded area in the bottom-left panel outlines the region defined in Feuillet et al. (2020) to select GSE stars. Stars belonging to this area are presented as red filled circles in the other panels. In green are the stars belonging "bona fide" to the Sequoia event.

Figure 4 .

 4 Figure 4.18: Same as Fig. 4.17 but in the actions.

Figure 4 .

 4 Figure 4.19: The orbit of the two stars (TYC 622-742-1 in blue and TYC 1193-1918-1 in orange) in various planes in in Galactocentric X,Y,Z Cartesian coordinates and in the Galactocentric distance R versus height over the galactic plane Z (lower left panel). Orbits were integrated 10 Gyr backwards.

  The two observed stars (blue TYC 622-742-1 and black TYC 1193-1918-1) in the color-magnitude diagram, compared to 12 Gyr PARSEC isochrones

  to compare these two stars to: (a) the sample byGratton et al. (2000) composed by field stars, 17 of which are evolved stars, in the metallicity range -2 ≤ [Fe∕H] ≤ -1; (b) the metal-poor sample of giant stars analyzed byCayrel et al. (2004), which consists of stars more metal-poor, but the extremely careful analysis is based on high-quality spectra and is a widely used reference sample; (c) the stars presented inFulbright (2000) that are more extended in metallicity and this sample contains some high-speed stars; (d) two high-speed stars fromValentini et al. (2019); and (e) the FORS high-speed stars sample investigated byCaffau et al. (2020a).

F I G U R E 3

 3 Abundance ratios of the [C/Fe] (upper panel) and [O/Fe] (lower panel) as a function of [Fe/H]. The blue and black stars refer to the present study, TYC 622-742-1 and TYC 1193-1918-1, respectively, compared to two high-speed stars from Valentini et al. (2019), high-speed stars from Caffau et al. (2020a, green dots), and the evolved stars from Gratton et al. (2000, yellow dots) sample

F

  Abundance ratios of the 𝛼 elements as a function of [Fe/H]. The blue and black star refer to the present study, TYC 622-742-1 and TYC 1193-1918-1, respectively, compared to two high-speed stars from Valentini et al. (2019, red dots), high-speed stars from Caffau et al. (2020a, green dots), and the evolved stars from Ishigaki et al. (2012, light blue dots) and from Fulbright (2000, pink dots) sample In Alexeeva et al. (2018), a star with similar parameters (HD 122563) was investigated providing a negligible NLTE corrections for the two Mg i lines at 470.2 and 552.8 nm. We derived the NLTE corrections from Bergemann et al. (2017) by using the database. 6 For the lines employed by the MyGIsFOS analysis, we obtained a correction of 0.01 dex for TYC 622-742-1 and of -0.03 dex for TYC 1193-1918-1 (see Table 7). By applying the NLTE corrections on Mg and Fe abundances, we derived [Mg/Fe] = 0.54 for TYC 622-742-1 and [Mg/Fe] = 0.33 for TYC 1193-1918-1. In Figure 4, the LTE [Mg/Fe] versus [Fe/H] are compared to literature data.

  , the LTE investigation of [Ca/Fe] versus [Fe/H] is shown. In the figure, one can see that few stars in the sample by Fulbright (2000) (pink dots) and in the sample by Caffau et al. (2020a) (green dots) have slightly lower [Ca/Fe].

  , our LTE results are compared to the literature data. The ratios of abundances of the 𝛼 elements are in very good agreement with the two high-speed stars from Valentini et al. (2019, see red dots in Figure 4), the high-speed stars from Caffau et al. (2020a, green dots in Figure 4), the evolved stars from the sample by Ishigaki et al. (2012, light blue dots in Figure 4), the evolved stars from the sample by Ishigaki et al. (2012, light blue dots in Figure

F I G U R E 5

 5 Abundance ratios of the odd-Z elements as a function of [Fe/H]. The blue and black star refer to the present study, TYC 622-742-1 and TYC 1193-1918-1, respectively, compared to the evolved stars from Gratton et al. (2000, yellow dots), from Ishigaki et al. (2013, light blue dots), and from Fulbright (2000, pink dots) sample

F

  Abundance ratios of iron peak elements as a function of [Fe/H]. The blue and black star refer to the present study, TYC 622-742-1, and TYC 1193-1918-1, respectively, compared to two high-speed stars from Valentini et al. (2019, red dots), high-speed stars Caffau et al. (2020a, green dots), and the evolved stars from Ishigaki et al. (2013, light blue dots) and from Fulbright (2000, pink dots) sample the line at 521.8 nm. The copper over iron ratio is very consistent in the two stars of the sample: ⟨[Cu∕Fe]⟩ = -0.54 ± 0.01 dex. These values are in good agreement with the analysis by Ishigaki et al. (

F I G U R E 7

 7 Same as Figure 6 for neutron capture elements of four Pr ii lines. For TYC 1193-1918-1, three lines analyzed provide A(Pr) = -0.62 ± 0.06 and [Pr/Fe] = 0.11.

  The stars with retrograde motion studied by Matsuno et al. (2019) show decreasing trend of [𝛼∕Fe] with TA B L E 8 Sensitivity of abundances on atmospheric parameters

F

  I G U R E 8 Orbits of the two stars (blue and orange for TYC 622-742-1 and TYC 1193-1918-1, respectively) in various planes in Galactocentric X, Y , Z Cartesian coordinates and in the Galactocentric distance R versus height over the galactic plane Z (lower left panel). Orbits were integrated 10 Gyr backward F I G U R E 9 Top panels: position of the target stars (blue triangle and orange square for TYC 622-742-1 and TYC 1193-1918-1, respectively) according to their Galactocentric cylindrical velocities (V T vs V R and √ (V 2 R + V 2 Z ) vs V T left and right panel, respectively). Bottom panels: position of the target stars in the orbital Energy (right) and √ J R (left) versus L Z planes. Stars from the good parallax sample of Bonifacio et al. (2021) are shown as black dots. The red-shaded area in the bottom-left panel outlines the region defined in Feuillet et al. (2020) to select GSE stars. Stars belonging to this area are presented as red filled circles in the other panels

  inPlacco et al. (2014), the star TYC 622-742-1 was C-poor on the main sequence and also N-rich by about the same amount at the present evolutionary state. In Figure10, the [N/Fe] ratio is plotted as a function of the [C/Fe] ratio. The star TYC 1193-1918-1 shows abundance ratios similar to many stars in the two comparison sample, while TYC 622-742-1 stands out, with an extremely low [C/Fe] ratio joint to a high [N/Fe]. The high [N/Fe] and low[C/Fe] ratios are surely an evolution effect. From Figure 11, one can see that the star TYC 1193-1918-1 is perfectly coherent with the comparison sample by Gratton et al. (2000, yellow dots), which is close in metallicity. Instead, the star TYC 622-742-1, compared to the sample by Spite et al. (2005, green dots) seems a bit on the edge (see Figure 11). We queried the SAGA database (Suda et al. 2008) to select the metal-poor stars with low [C/Fe] ([C∕Fe] < -0.8). We removed the stars from Li et al. (2013), whose C abundance is derived from infrared CO lines. We end up with a sample of: nine stars from Hansen et al. (2018) who derived A(C) from the G-band (2MASS J02412152-1825376, J14164084-2422000, J21513595-0543398); two stars from Aoki & Honda (2008): HD 29574 observed also by Simmerer et al. (2004) who give a [C/Fe] ratio 0.24 dex higher and BD+012916; the star HD 118055 fromGratton et al. (2000); the star HD 6268 fromMeléndez & Barbuy (2002), observed also byMcWilliam et al. (1995) providing [C/Fe] 0.26 dex larger and byHonda et al. (2004) who derive [C/Fe] 0.43 dex larger; the star WISE J211458.65-763146.8 byPlacco et al. (2019). The stars from the literature and the two stars here investigated in Figure12are compared to the sample byGratton et al. (2000) andSpite et al. (2005). Such low [C/Fe] evolved stars are surely rare objects, but still at least a dozen are known, so it could simply be that the C F I G U R E 10 [N/Fe] versus [C/Fe], [C + N/Fe] versus [Fe/H] and [C + N + O/Fe] versus [Fe/H] of the two stars compared to the evolved stars from Gratton et al. (2000, yellow dots) sample and stars from Spite et al. (2005, green dots) correction suggested by Placco et al. (

F

  I G U R E 11 [C/Fe], [N/Fe], [C + N/Fe], and [C + N + O/Fe] versus log g of the two stars compared to the evolved stars from Gratton et al. (2000, yellow dots) sample and stars from Spite et al. (2005, green dots)

F

  I G U R E 12 [C/Fe] versus [Fe/H] of the two stars compared to the evolved stars from the literature: Gratton et al. (2000, yellow dots), Spite et al. (2005, green dots), and from the database Suda et al. (2008, light blue dots). The star HD 6268 (light blue dots surrounded by black squares) has three independent analysis, one of which gave results very similar to TYC 622-742-1 and HD 29574 (light blue dots surrounded by black circles) F I G U R E 13 The chemical pattern of TYC 622-742-1 (black circles) and TYC 1193-1918-1 (blue circles) compared to the two high-speed stars in Valentini et al. (2019) (green and pink circles). Full symbols are used to show abundances derived from neutral lines and empty symbols from ionized lines TYC 622-742-1 shows also an enhancement in O, Zr, Pr, Sm. Both stars are: (i) slightly enhanced in Sc; (ii) poor in Y; (iii) rich in Eu. As visible in Figure 13, the two stars show very similar [X/Fe] ratios.

Fig. 1 .

 1 Fig. 1. Gaia colour-magnitude diagram of all stars selected for observation in ESO period 104. The filled red dots are the 72 stars observed.The blue solid line is a PARSEC isochrone(Bressan et al. 2012; Marigo et al. 2017) of metallicity -2.0 and age of 12 Gyr, to guide the eye.

Fig. 2 .

 2 Fig.2. Spectra of the two most metal-poor stars. Both spectra have been normalised, and the spectrum of GHS05 has been shifted up by 1, for easy visualisation.

Fig. 3 .

 3 Fig. 3. Portion of the stars in the XY and RZ planes. The stars are classified as prograde stars (red triangles), retrograde stars (open black symbols), and unbound stars (filled black squares).

Fig. 4 .

 4 Fig. 4. Orbital parameters for the stars. Symbols are as in Fig. 3.

Fig. 5 .

 5 Fig. 5. Hertzsprung-Russell diagram comparing the observed stars with isochrones of metallicity [M/H] = -1.5, at three ages (1, 6, and 12 Gyr), the value closest to the metallicity derived for the largest fraction of the stars.

Fig. 6 .

 6 Fig. 6. Hertzsprung-Russell diagram of G Gaia vs. BP-RP, comparing the observed stars with isochrones of metallicity [M/H] = -1.5, for three ages (1, 6, and 12 Gyr). The colour-coding for the stars defines the metallicity of the isochrone used to derive the stellar parameters. The blue symbols correspond to the stars that used isochrones of [M/H] = -1.5, as in the plot.

Fig. 8 .

 8 Fig. 8. Two α-elements Mg and Ca vs. [Fe/H] (filled red circles) in comparison with the Caffau et al. (2020) sample (blue squares) and the literature compilation from Frebel (2010, cyan symbols).

Fig. 9 .

 9 Fig. 9. [Ni/Fe] vs. [Fe/H] (red filled circles) in comparison with the literature compilation from Frebel (2010) (cyan dots).

Fig. 15 ,

 15 Fig. 10. Heavy elements [Sr/Fe] and [Ba/Fe] vs. [Fe/H] (filled red circles) compared to the Caffau et al. (2020) sample (blue open squares) and the literature compilation from Frebel (2010) (cyan symbols).

Fig. 11 .

 11 Fig. 11. [Sr/Ba] vs. [Ba/Fe] for the stars in our sample with [Fe/H]< -2 (red filled circles) compared to the sample by Caffau et al. (2020, black open symbols) and to metal-poor stars from the literature (blue open symbols).

Fig. 12 .

 12 Fig. 12. On a [Fe/H] scale, we show for our programme stars (red symbols), [C/Fe] (upper panel), [N/Fe] (central panel), and [C+N/Fe] (lower panel). The red star symbols surrounded by a circle highlight stars with log g > 3.0. The comparison sample shows the very highquality analysis by Spite et al. (2005).

  Fig. 13. Normalised [Fe/H] distribution (solid red) compared to the result from Allende Prieto et al. (2014) (solid blue).

Fig. 14 .

 14 Fig. 14. Abundances of α-elements vs. [Fe/H]: solid red symbols are the stars here analysed, compared with the data by Nissen & Schuster (2010) as open squares, green the low-α, black the high-α and blue thick-disc stars.

Fig. 15 .

 15 Fig. 15. [Ca/Fe] as a proxy for the α-enhancement vs. [Fe/H] for our sample of stars (red filled circles) compared to data of the Milky Way and the dwarf local group galaxies from the literature. Shown are open grey triangles, MW stars(Venn et al. 2004;Reddy et al. 2006); black open circles, Sgr dSph main body stars(Monaco et al. 2005; Sbordone et al. 2007, 2015, and in prep.; Hansen et al. 2018; open blue squares, dSph(Venn et al. 2004;[START_REF] Letarte | Chemical Analysis of the Fornax Dwarf Galaxy[END_REF]; green "x" signs, Car dSph(Venn et al. 2004;Koch et al. 2008); orange open triangles, Scl dSph(Venn et al. 2004;Geisler et al. 2005). All remaining symbols are fromVenn et al. (2004): open magenta diamonds, Sex dSph; brown triangles Leo dSph; yellow plus signs, Umi dSph; open cyan stars, Dra dSph.

Fig. 17 .

 17 Fig. 17. [Ba/Fe] vs. [Fe/H]: solid red symbols are the stars analysed here, compared with the data by Nissen & Schuster (2011) as open squares, low-α in green, high-α in black, and thick-disc stars in blue.

Fig. 18 .

 18 Fig. 18. [Ba/Fe] vs. [Fe/H], comparison with the literature values. Symbols are as in Fig. 15.

Fig. 19 .

 19 Fig. 19. Hertzsprung-Russell diagram. The two known RR Lyr stars are highlighted by blue circles. The suspected RR Lyr star or binary, GHS36, by a green square. The two black curves are the blue edge and the red edge of the fundamental mode of pulsation of RR Lyr according toBono & Stellingwerf (1994).

Figure 5 . 1 :

 51 Figure 5.1: Figure from Starkenburg et al. (2017) showing, the Pristine H&K filter for stars with different T eff and log g with different metallicities. The colour code indicates, red: [Fe/H] = 0.0, orange: [Fe/H] = -1.0 green: [Fe/H] = -2.0, blue: [Fe/H] = -3.0 and black for no metals. In the top panel, the Pristine filter is marked with a black dashed line.

Figure 5 . 3 :

 53 Figure 5.3: Figure shows one spectrum of our sample, the Pristine 246.4405+15.0899 in the region of magnesium triplet.

Figure 5 .

 5 Figure 5.4: The stars Pristine 234.0337+12.6370 (T eff = 6700 K and log g =4.20 dex) compared to a PAR-SEC isochrone with metallicity of -2.5 and the age of 10 Gyr.

Figure 5 . 5 :

 55 Figure 5.5: Left panel: the effective temperature obtained with Pristine and SDSS photometry versus the adopted values. Right panel: the temperature derived from the isochrones versus the adopted ones. Stars are divided in evolved (red symbols) and unevolved (blue symbols).

Figure 5 .

 5 Figure 5.6: The log g obtained by the isochrone method versus the one obtained by the calibration and here adopted. Stars are divided in evolved (red symbols) and unevolved (blue symbols).

Figure 5 . 7 :

 57 Figure 5.7: Left panel: the values of Pristine, based on the color g-i, have been compared with those calculated thanks to the spectroscopic analysis. Right panel: comparing photometric calibration with spectroscopy. Stars are divided in evolved (red symbols) and unevolved (blue symbols).

  (left panel of Fig. 5.7) and (ii) the metallicity provided by the calibration from Bonifacio et al. (2019a) (right panel of Fig. 5.7). As visible from the figure, the agreement between photometric metallicity derived with the calibration by Bonifacio et al. (

For

  

Figure 5

 5 Figure 5.8: Abundance ratios of the α-elements as a functions of [Fe/H]. The black stars show the present study, the blue star indicates the Pristine 014.0757+28.4964 star. The green dots illustrate the "First Stars" sample and the pink dos the "Sophie" sample.

Figure 5 Figure 5 .Figure 5 .

 555 Figure 5.9: Odd elements abundance. Symbols as in figure. 5.8.

  ϕ > 0 and Z max ≤ 4 kpc) are Pristine 014.0757+28.4964, Pristine 183.1112+16.3604, Pristine 205.9276+01.2366, Pristine 219.0145+11.6057, Pristine 232.8856+07.8678, Pristine 234.0337+12.6370, Pristine 236.4718+15.3327 and Pristine 236.7635+05.4474. The planar and retrograde (retrograde, J ϕ < 0 and Z max ≤ 4 kpc) star is Pristine 235.0537+07.5988. The inner Galactig halo (apocentre≤ 15 kpc and Z max > 4 kpc) star is Pristine 235.0277+07.5059 and the outer halo (apocentre> 15 kpc and Z max > 4 kpc) stars are Pristine 195.1494+06.5655 and Pristine 246.4405+15.0899.

Figure 5 .

 5 Figure 5.12: Vertical action vs azimuthal action component. The colour coded is eccentricity. The action quantities are scaled by the solar values, where J ϕ⊙ = 2009.92 kms -1 kpc and J z⊙ = 0.35 kms -1 kpc. The metallicities are shows by: star[Fe/H] ≤ -3.0, square -3.0 < [Fe/H] ≤ -2.0, rhombus -2.0 < [Fe/H] ≤ -1.0 and circle -1.0 < [Fe/H] ≤ 0.0.

Figure 5 .

 5 Figure 5.13: Quantifies oscillations colour coded by eccentricity. The metallicities are shows by: star for [Fe/H] ≤ -3.0, squares for -3.0 < [Fe/H] ≤ -2.0, rhombus for -2.0 < [Fe/H] ≤ -1.0 and circles for -1.0 < [Fe/H] ≤ 0.0.

Figure 5 .

 5 Figure 5.14: Orbit of Pristine 014.0757+28.4964 and Pristine 181.8054+03.2513 stars (panels from top to bottom).

Figure 1 .

 1 Figure 1. Location of the observed stars in the PristineV colour-colour diagram. The stars observed in ESO periods 100 and 101 are shown as red dots, those observed in ESO period 103 as black dots. To guide the eye we superimposed the grid of synthetic colours with log g = 2.5 and -4.0 ≤ [M/H] ≤ +0.5.

  et al. (2019b); (G): Gaia Collaboration et al. (2018); (S): Simon et al. (2011); and (T): Tan et al. (2014)

Figure 3 .

 3 Figure 3. Two observed spectra: Pristine 254.4746+11.3806 (4818/1.85/-3.08) and Pristine 254.8233+12.6074 (5793/3.59/-3.12). Both spectra have S/N per pixel at 500 nm of about 100.

Figure 4 .

 4 Figure 4. [Ca/Fe] derived from the Ca II-K line versus [Fe/H]. A typical uncertainty is shown for the Fe and Ca abundances (horizontal and vertical segments, respectively).

Figure 5 .

 5 Figure 5. Upper panel: Mg abundance versus A(Ca) from the Ca II-K line. Lower panel: [Mg/Fe] versus [Fe/H]. The horizontal and vertical bars represent a typical uncertainty in the Fe and Mg abundance determination.

Figure 6 .

 6 Figure 6. Comparison of the abundances derived from lines of neutral and single ionized element in the case of Ca, Ti, and Fe. A typical uncertainty in shown in the upper left corner of each panel.

Figure 7 .

 7 Figure 7. [C/Fe] (upper panel), [N/Fe] (central panel), and [C+N/Fe] (lower panel) as a function of [Fe/H] of our sample of stars (red stellar symbols) compared to the sample of Spite et al. (2005).

Figure 8 .

 8 Figure 8. [C/Fe] (upper panel) and [C+N/Fe] (lower panel) versus the surface gravity of our sample of stars (red stellar symbols) compared to the sample of Spite et al. (2005).

Figure 9 .

 9 Figure 9. Abundances of Ti, Cr, Mn, and Ni versus [Fe/H].

Figure 10 .

 10 Figure 10. Abundances of Sr and Ba versus [Fe/H].

Figure 11 .

 11 Figure 11. [α/Fe] versus [Fe/H] for the 98 stars with detailed chemical investigation.

Figure 12 .

 12 Figure 12. [Mg/Fe] versus [Fe/H]. Filled symbols are the stars here analysed, red unevolved (log g ≥ 3) and black evolved (log g < 3) stars. For the MP stars with Mg Fe < 0, we plot also the line-to-line scatter of Mg. Open pink circles are from Nissen & Schuster (2010, all these stars are unevolved); and cross symbols are the LTE [Mg/Fe] from Andrievsky et al. (2010, green unevolved and blue evolved stars).

Figure 13 .

 13 Figure 13. [Ca/H] derived from the Ca II-K line versus the photometric metallicity used for target selection. Filled symbols are stars observed in ESO period 103, open symbols are stars observed in ESO periods 100 and 101. Red symbols refer to unevolved star (log g ≥ 3) and black to evolved stars (log g < 3) The solid line shows the correspondence of the two, assuming a Ca-enhancement of 0.4 for all stars.

Figure 14 .

 14 Figure 14.[Sr/Ba] as a function of [Ba/Fe]: red circles are stars here analysed; black squares are fromSpite et al. (2005), and the black diamonds are CEMP stars from the literature(Aoki et al. 2001;Barbuy et al. 2005;Sivarani et al. 2006;Behara et al. 2010;Spite et al. 2013;Yong et al. 2013). The black star is the CEMP star SDSS J0222-0313(Caffau et al. 2019). The black horizontal dashed line is the r-only solar value for [Sr/Ba] according toMashonkina & Gehren (2001). Normal stars are in the upper left part of the diagram, sharing the surface with CEMP-no stars; CEMP-s stars are in the lower right part of the diagram.

Figure 15 .

 15 Figure 15. Theoretical colours, used in our calibration, as a function of log g for T eff = 5000 K and for three different metallicities.

⋆

  Extremely metal-poor stars with Li deficiency

  SOPHIE (Spectrographe pour l'Observation des Phénomènes des Intérieurs stellaires et des Exoplanètes, i.e., Spectrograph for the Observation of Stellar Interior Phenomena and ExoplanetsBouchy & Sophie Team, 2006) 9 is a high-resolution spectrograph installed at the Cassegrain focus of the 1.93 m telescope of (OHP) 10 , see figure B.1. OHP is located in south-eastern France (Longitude = 5 • 42' 44" E and Latitude = +43 • 55' 54"), at about 90 km east of Avignon and 100 km north of Marseille. It is situated at an altitude of about 650 m, on a plateau near the town of Saint-Michel-l'Observatoire in the Alpes-de-Haute-Provence department. SOPHIE is installed in a thermally controlled chamber and the dispersing elements (échelle grating and cross-dispersing prism) are positioned in a tank of nitrogen gas kept at constant pressure. It has two spectral resolution modes, high resolution (HR) and high efficiency (HE), depending on the set of fibres selected. The HR mode has a spectral resolving power of R = λ △λ = 75000 and an efficiency of 4 % while the HE mode presents R = 39000 and efficiency of 8 %. HE is predominantly used for higher throughput, particularly in the case of faint objects. The spectral coverage of SOPHIE ranges from 382 nm to 693 nm in 39 orders. The field of view of the autoguider is 4.6 arcmin and the telescope pointing system features digital encoders (in both declination and hour angle) with an accuracy of 5 arc-sec. The calibration lamps present are Thorium-Argon (for wavelength calibration), Tungsten (for flat field), a Laser Driven Light Source (LDLS, for flat field) and a Fabry-Perot étalon (for wavelength calibration). The detector is a e2V CCD with 4096 × 2048 square pixels of 15 µm size.

Figure B. 1 :

 1 Figure B.1: Picture of 193 cm OHP telescope I took during my observation run from 13th to 16th September 2019.

Figure B. 2 :

 2 Figure B.2: Image provided for Aladin of the TYC 3554-30-1 star.

3 :

 3 Figure B.3: Figure from Lombardo et al. (2021 in press). The observed (BP-RP) vs. G for the sample of stars (red filles circles) are compared to solar-metallicity Parsec isochrones of ages between 0.1 and 1 Gyr (cyan) and a 12 Gyr old isochrone of metallicity -2.0.

Figure B. 4 :

 4 Figure B.4: Picture of NOT telescope I took during my observation run from 26th to 29th September 2021. The high-resolution FIbre-fed Echelle Spectrograph (FIES) is an instrument at the Nordic Optical Telescope (NOT, see Fig. B.5). It is located near the northern end of the Cruz del Fraile mountain range on the summit of Roque de los Muchachos (Longitude = 17 • 52' 59.7" W and Latitude = +28 • 45' 20.5"), on the island of La Palma in Spain at an altitude of 2382 m. NOT has a primary mirror of Ritchey-Chrétien type with a diameter of 2.56 m, an altazimuth mounting and a Cassegrain focus.The NOT is hosted buy a bulding that co-roatates with the telescope, other buildings are located in the vicinity and that is where FIES is installed. This allows for the spectrograph to be in a highly stable environment both from the mechanical and thermal point of view.FIES is a cross-dispersed high-resolution echelle spectrograph (seeFig, B.5) and has a spectral resolving power of R = λ △λ = 67000 with a sky aperture of 1. ′′ 3. There are also two 1. ′′ 3 fibres that provide a medium resolution mode (R=46000) and one of the fibres can be

Figure B. 5 :

 5 Figure B.5: Picture of NOT telescope I took during my observation run from 26 th to 29 th September 2021.

Figure B. 6 :

 6 Figure B.6: Sample of the volcanic ash on the 28th September at 22h. Left image shows the sample taken near the instrument building and the right image represents the sample taken near the service building.

Figure B. 7 :

 7 Figure B.7: Visualization of MINCE sample.

Figure

  Figure B.8: Picture of the Volcan of La Palma I took during my observation run from 26th to 29th September 2021.

  to select candidate intermediate-metallicity stars. To our surprise, all the stars Article number, page 1 of 15 arXiv:2110.05229v1 [astro-ph.SR] 11 Oct 2021

Fig. 1 .

 1 Fig. 1. Colour-magnitude diagram of Gaia EDR3 absolute magnitude G and dereddened colour G BP -G RP comparing the observed stars with Parsec isochrones with solar metallicity and ages between 0.1 and 1 Gyr (cyan), and with [Fe/H]=-2.0 dex and age 12 Gyr (grey).

Fig. 2 .

 2 Fig. 2. Colour-magnitude diagram of Gaia EDR3 absolute magnitude G and dereddened colour G BP -G RP comparing the observed stars with Ekström et al. (2012) evolutionary tracks without rotation at metallicity Z = 0.014 for stellar masses between 2.5 M and 6.0 M . Error bars represent the uncertainty on G abs , corresponding to 3σ error on parallax. The colour index indicates our derived [Fe/H] of the stars.

Fig. 3 .

 3 Fig. 3. Spectra of five stars with similar T eff and different v sin i. The spectra have been normalised and are shifted to facilitate visualisation.

[Fig. 4 .Fig. 5 .

 45 Fig. 4. [C/Fe], [N/Fe] and [O/Fe] abundances as a function of [Fe/H]. Comparison with targets from Takeda et al. (2018) (cyan crosses), Royer et al. (2014) (blue squares), Delgado Mena et al. (2010) (yellow crosses) and Ecuvillon et al. (2004) (grey diamonds).

  (2010) provided C and O abundances for 370 FGK dwarfs stars, and Ecuvillon et al. (2004) provided N abundances for 91 solartype stars. The top panel of Fig. 4 clearly shows that the majority of our stars have lower [C/Fe] than the FGK dwarfs (yellow crosses), with the exception of the two stars with the highest metallicity, which appear to be quite compatible. It is striking that the [C/Fe] abundance in A-type stars displays a decreasing trend with increasing metallicity for the samples of Takeda et al. (2018) (cyan crosses) and Royer et al. (2014) (blue squares). This trend is at odds with the flat trend shown by FGK stars. This trend in A stars has been noted and discussed by Takeda et al. (

Figure 6

 6 Figure 6 shows Mg, Al, and Ca abundances ratios as a function of [Fe/H]. Our results are compared to the analysis by Adibekyan et al. (2012) (yellow crosses) and Royer et al. (2014) (blue squares). The Adibekyan sample consists of F, G, and K dwarf stars, which means that they have lower masses than our sample stars, but T eff is similar. Our derived [Mg/Fe], [Al/Fe], and [Ca/Fe] abundance ratios appear to be in line with the results obtained by other authors. The dispersion in [Mg/Fe] (<[Mg/Fe]>=0.10 dex and σ=0.16), [Al/Fe] (<[Al/Fe]>=0.02 dex and σ=0.17) and [Ca/Fe] (<[Ca/Fe]>=0.06 dex and σ=0.15) is larger than is expected from our estimated errors. In the case of [Mg/Fe], we note that the Adibekyan et al. and Royer et al. stars also show a large dispersion despite the high quality of spectra.The observed scatter is therefore probably intrinsic. The [Mg/Fe] ratio of two stars in our sample appears to be compatible with the values of stars in the upper sequence in the Adibekyan et al. sample. They were labelled thick-disc stars by the authors. However, the kinematics of these two stars clearly shows that they are thindisc stars. A purely chemical selection is not sufficient to distinguish between thin-and thick-disc stars, as has been pointed out by several authors (see e.g.Franchini et al. 2020; Romano et al. 2021). Specifically,Romano et al. (2021) reported that only 25% of the high-α stars in their sample can be classified kinemati-

Fig. 7 .Fig. 8 .

 78 Fig. 7. [Sr/Fe], [La/Fe], and [Ce/Fe] abundances as a function of [Fe/H]. Comparison with targets from Battistini & Bensby (2016) (grey crosses) and Royer et al. (2014) (blue squares).

Fig. 11 .

 11 Fig. 11. Log T eff vs log g diagram for the Georgy et al. (2013) evolutionary tracks with Z = 0.014, M = 3 M , 4 M , and ω = 0.3 (solid lines) and 0.6 (dashed lines). Stars in the sample with -0.1 < [Fe/H] < 0.1 and M = 3.5 M , 4 M are shown with error bars. Upper panel: Colour index indicates the equatorial velocity for evolutionary tracks and the observed v sin i for sample stars. Lower panel: Colour index indicates the [N/C] abundance ratio.

Fig. 12 .

 12 Fig. 12. Comparison between the Georgy et al. (2013) (solid lines) and Lagarde et al. (2012) (dashed lines) evolutionary tracks with rotation at Z = 0.014 for M = 3 M , 4 M . Stars in the sample with M = 3.5 M , 4 M and -0.1 < [Fe/H] < 0.1 are shown with error bars. The colour index indicates the [N/C] abundance ratios.

Fig. 1 .

 1 Fig. 1. Two spectra (RVS 002 and RVS 038) in the wavelength range of the Gaia RVS.

  Fig. 2. Observed stars in the (T eff , log g) diagram compared to PARSEC isochrones to guide the eyes.

  et al.: Gaia RVS benchmark stars. I.

Fig. 3 .

 3 Fig. 3. [C/Fe] vs. metallicity.

  3 ≤ [C/Fe] ≤ +0.3 as having a normal carbon abundance. Four stars in our sample (RVS 014, RVS 029, RVS 065, and RVS 129) stand out from the sample for their relatively high C abundance, with [C/Fe] > 0.3 dex, and 22 stars show a low [C/Fe] ratio (< -0.3). These 22 stars are RVS 008, RVS 015, RVS 022, RVS 042, RVS 044, RVS 050, RVS 064, RVS 102, RVS 101,

Fig. 4 .

 4 Fig. 4. [O/Fe] vs. [Fe/H].

Fig. 5 .

 5 Fig. 5. Comparison of the abundances from neutral and ionised lines.

Fig. 6 .

 6 Fig. 6. α elements.

  et al.: Gaia RVS benchmark stars. I.

Fig. 7 .

 7 Fig. 7. [S/Fe] versus metallicity.

Fig. 8 .

 8 Fig. 8. [Rb/Fe] vs. [Fe/H] for the sample stars: NLTE (filled black circles) and LTE values (red empty symbols). For the solar value we used A(Rb) = 2.60 (Lodders et al. 2009) for the NLTE and LTE values to show the effect on NLTE, also because the Fe abundance is in LTE.

Fig. 9 .

 9 Fig. 9. Heavy elements vs. [Fe/H] for the sample stars.

Fig. 10 .

 10 Fig. 10. Toomre diagram for stars in the sample, colour-coded by their [Fe/H] content (top panel) and their [Mg/Fe] abundances (bottom panel). The dashed lines separate regions with V R 2 + (V Φ -V LSR ) 2 + V Z 2 = 50 and 100 km s -1 , respectively.

Fig. 11 .

 11 Fig. 11. Distribution of stars in the R max -z max plane, colour-coded by their [Fe/H] content (top panel) and their [Mg/Fe] abundances (bottom panel).

  Fig. 12. α elements we analysed (filled black symbols) compared to the sample by Bensby et al. (2014) (open red circles) after scaling it to our solar abundances. The green star represents a consistent chemical analysis of Arcturus.

Fig. 13 .

 13 Fig. 13. Iron-peak elements we analysed (filled black symbols) compared to the sample by Nissen & Schuster (2010) (open red circles).

Figure 15

 15 Figure 15 compares the LTE abundances we derive for Rb to the analysis by Tomkin & Lambert (1999) of the 780 nm Rb I line. The agreement of the two samples is good. Recently, Takeda (2021) derived the Rb abundance in a large sample of stars by analysing the Rb I 780 nm line. His stellar sample of giant stars is slightly cooler (4490 < T eff < 5625 K) than the sample investigated here and close in surface gravity (1.4 < log g < 3.5) and metallicity (-0.8 < [Fe/H] < 0.2). Figure 16 compares our NLTE results to his NLTE analysis of his

Fig. 14 .

 14 Fig. 14. [Sr/Fe] (upper panel) and [Eu/Fe] (lower panel) vs. [Fe/H] for the sample stars (filled black circles). The comparison sample (open red symbols) is from Battistini & Bensby (2016).

Fig. 15 .

 15 Fig. 15. [Rb/Fe] vs. [Fe/H] for our sample stars (LTE values shown as filled black circles) compared to the sample byTomkin & Lambert (1999) (red squares for giants, and blue squares for dwarfs). The horizontal dotted line is the reference zero value with A(Rb) = 2.60 as the solar abundance, the dashed line would be the zero solar value if the meteoritic Rb abundance, A(Rb) = 2.38, were adopted.

Fig. 16 .

 16 Fig. 16. [Rb/Fe] vs. [Fe/H] for our sample stars (filled black circles) compared to the sample of Takeda (2021) (open red squares). The horizontal dotted line is the reference zero value with A(Rb) = 2.60 as the solar abundance, the dashed line would be the zero reference for the meteoritic abundance, A(Rb) = 2.38. Unlike Fig.15, this plot shows the NLTE Rb abundances.

Fig. 17 .

 17 Fig. 17. LTE abundance ratios [Rb/Sr] (upper panel) and [Rb/Y] (lower panel) vs. [Fe/H].

  et al.: Gaia RVS benchmark stars. I.

Fig

  Fig. A.1. Projection on the X -Y plane and on the R -Z plane of the orbits of the stars in the sample. The blue line corresponds to the mean orbit of each star, the grey lines to the 100 realisations of this orbit after errors on the observables (parallaxes, proper motions, and line-of-sight velocities) are taken into account, as described in Sect. 4.5. The cyan symbol indicates the position of the Sun, and the red star shows the current position of the star. The ID of each star is reported in the top left corner of each panel. A20, page 15 of 23

  

  

  

  

  

  

Table 3 :

 3 Paramètres

stellaires des deux étoiles à grande vitesse où E(B -V) est obtenu à partir des cartes

de Schlafly & Finkbeiner (2011) 

et les corrections sont déduites de notre procédure itérative.

Table 4 :

 4 Paramètres stellaires derivés de différentes manières.

Table 5 :

 5 Déduction de la microturbulence par différentes techniques.

	[kms -1 ]	2.07	1.74
	ξ Monaco et al. (2005) [kms -1 ]	2.04	1.71
	ξ Dutra-Ferreira et al. (2016) [kms -1 ]	1.94	1.51
	ξ MyGIsFOS [kms -1 ]	2.02±0.06	1.52±0.03

Table 6 :

 6 Paramètres stellaires des étoiles pauvres en métaux sélectionnés par photométrie à bane étroite.

		log(g)	ξ	Estimated mass Age
	[K]	[cgs] [km/s]	M ⊙	Gyr
	Pristine 014.0757+28.4964 5692 3.53	1.5	0.8	∼ 16
	Pristine 181.8054+03.2513 5457 3.01	1.5	0.8	∼ 6
	Pristine 183.1112+16.3604 5700 4.47	1.5	0.8	∼ 10
	Pristine 190.0628+09.4372 6540 4.35	1.5	0.8
	Pristine 195.1494+06.5655 5326 2.66	1.5	0.8	∼ 3
	Pristine 205.9276+01.2366 5763 4.80	1.5	0.8	∼ 10
	Pristine 219.0145+11.6057 7000 4.04	1.5	0.8	∼ 3
	Pristine 230.2649+00.9137 6215 4.31		0.8
	Pristine 232.8856+07.8678 7000 3.89	1.5	0.8	∼ 5
	Pristine 234.0337+12.6370 6700 4.20	1.5	0.8	∼ 10
	Pristine 235.0277+07.5059 6478 2.72	1.5	0.8	∼ 1
	Pristine 235.0537+07.5988 6643 4.33	1.5	0.8	∼ 10
	Pristine 236.4718+15.3327 6512 4.41	1.5	0.8	∼ 8
	Pristine 236.7635+05.4474 5378 2.93	1.5	0.8	∼ 8
	Pristine 246.4405+15.0899 6206 2.71	1.5	0.8	∼ 1

Table 1 .

 1 Photometric data of the sample, parameters of the atmosphere models, and resulting Fe i and Fe ii abundances.

		Paral. Paral./	d	g				T eff log g	v t	[Fe1/H] [Fe2/H]
	Star	Parallax error paral err (pc) mag (BP-RP) A(V)	G 0 (BP-RP) 0 K	cgs km s -1
	BS 17572-100 2.184 0.046 0.02	458 12.14 0.619 0.11554 3.80	0.57	6450 4.15	1.5	-2.61 -2.50
	CS 22188-033 2.236 0.039 0.02	447 13.07 0.649 0.04077 4.80	0.63	6230 4.45	1.4	-3.03 -2.96
	CS 22882-027 0.754 0.057 0.08 1327 15.04 0.552	-	4.39	0.54	6630 4.45	1.4	-2.55 -2.41
	CS 22950-173 1.300 0.047 0.04	770 13.91 0.666 0.14108 4.44	0.61	6320 4.30	1.4	-2.88 -2.54
	CS 29491-084 0.895 0.036 0.04 1117 13.37 0.611 0.04238 3.12	0.59	6340 3.90	1.8	-2.97 -2.88
	CS 29514-007 0.845 0.029 0.03 1184 13.83 0.631 0.07363 3.45	0.60	6320 4.00	1.7	-2.88 -2.73
	CS 29516-028 1.311 0.057 0.04	763 14.77 0.876 0.39730 5.25	0.71	5960 4.50	1.2	-3.44 -3.26
	CS 30302-145 0.844 0.041 0.05 1185 14.34 0.633 0.16563 3.93	0.56	6480 4.20	1.7	-3.06 -2.87
	CS 30344-070 0.691 0.026 0.04 1447 14.34 0.570 0.04046 3.52	0.55	6510 4.05	1.8	-3.01 -2.82
	HE 0148-2611 0.822 0.024 0.03 1216 14.35 0.574 0.04222 3.91	0.56	6510 4.16	1.5
	HE 1413-1954 0.542 0.065 0.12 1846 15.18 0.671 0.26911 3.78	0.56	6480 4.15	1.9

  . M. Matas Pinto et al.: The metal-poor end of the Spite plateau. II. Chemical and dynamical investigation

	Fig. 1. Comparison of the Gaia DR2 photometry of CS 22188-033 to
	a PARSEC isochrone with a metallicity of -3.0 and age 8, 10, 12, and
	14 Gyr.

A

Table 2 .

 2 Abundance of the elements in the Sun and in our sample of stars.

	A170, page 3 of 15

Table 3 .

 3 Lithium abundances.

	Star		EW(Li) A(Li)	A(Li)
		S /N [pm] 1D LTE Error 3D NLTE
	BS 17572-100	190	1.71	2.19 0.08	2.16
	CS 22188-033 ( * ) 220	0.90	1.74 0.08	1.72
	CS 22882-027	80 <0.56 <1.60 0.10	<1.56
	CS 22950-173	90	2.25	2.23 0.10	2.20
	CS 29491-084	100	1.86	2.15 0.10	2.13
	CS 29514-007	90	2.49	2.27 0.10	2.25
	CS 29516-028	60	2.46	2.01 0.13	2.02
	CS 30302-145	70	1.59	2.17 0.12	2.14
	CS 30344-070	80	1.70	2.22 0.12	2.19
	HE 0148-2611 ( * ) 200	1.26	2.08 0.08	2.05
	HE 1413-1954	50	1.62	2.17 0.13	2.14

Table 4 .

 4 Galactic coordinates, velocities, and main orbital parameters of the stars we studied.

	A170, page 9 of 15

Table 5 .

 5 Status of the stars of our sample.

	A170, page 11 of 15

BS 17572_100 4034.483 Mn 1 0.00 -0.811 syn 2.120 BS 17572_100 3758.233 Fe 1 0.96 -0.027 89.7 4.889 BS 17572_100 3763.789 Fe 1 0.99 -0.238 82.9 4.939 BS 17572_100 3786.677 Fe 1 1.01 -2.225 8.9 4.854 BS 17572_100 3787.880 Fe 1 1.01 -0.859 58.2 4.839 BS 17572_100 3920.258 Fe 1 0.12 -1.746 62.7 4.965 BS 17572_100 3922.912 Fe 1 0.05 -1.651 68.4 4.965 BS 17572_100 4005.242 Fe 1 1.56 -0.610 54.6 4.881 BS 17572_100 4045.812 Fe 1 1.49 0.280 93.1 4.887 BS 17572_100 4063.594 Fe 1 1.56 0.062 87.1 5.018 BS 17572_100 4071.738 Fe

  

	Name	lambda Element	EP	loggf	EW	Abund	Name	lambda Element	EP	loggf	EW	Abund
	BS 17572_100 6707.764 Li 1	0.00 -0.036	syn	2.190	BS 17572_100 4442.339 Fe 1	2.20 -1.255	11.6 4.975
	BS 17572_100 6707.915 Li 1	0.00 -0.337	syn	2.190	BS 17572_100 4443.194 Fe 1	2.86 -1.043	5.7 5.004
	BS 17572_100 5889.951 Na 1	0.00	0.108	syn	3.320	BS 17572_100 4447.717 Fe 1	2.22 -1.342	10.6 5.038
	BS 17572_100 5895.924 Na 1	0.00 -0.194	syn	3.510	BS 17572_100 4459.117 Fe 1	2.18 -1.279	8.2 4.808
	BS 17572_100 3829.355 Mg 1	2.71 -0.207	syn	5.180	BS 17572_100 4461.653 Fe 1	0.09 -3.210	10.5 4.990
	BS 17572_100 3832.304 Mg 1	2.71	0.146	syn	5.270	BS 17572_100 4466.551 Fe 1	2.83 -0.600	11.1 4.857
	BS 17572_100 3838.290 Mg 1	2.72	0.415	syn	5.220	BS 17572_100 4494.563 Fe 1	2.20 -1.136	11.7 4.856
	BS 17572_100 4351.906 Mg 1	4.35 -0.833	15.8 5.414	BS 17572_100 4528.614 Fe 1	2.18 -0.822	23.9 4.909
	BS 17572_100 4702.991 Mg 1	4.35 -0.666	24.7 5.468	BS 17572_100 4531.148 Fe 1	1.49 -2.155	7.8 5.041
	BS 17572_100 5172.684 Mg 1	2.71 -0.402 104.2 5.139	BS 17572_100 4871.318 Fe 1	2.87 -0.363	13.8 4.735
	BS 17572_100 5183.604 Mg 1	2.72 -0.180 124.2 5.212	BS 17572_100 4872.138 Fe 1	2.88 -0.567	11.5 4.862
	BS 17572_100 5528.405 Mg 1	4.35 -0.498	21.1 5.204	BS 17572_100 4891.492 Fe 1	2.85 -0.112	23.4 4.761
	BS 17572_100 3944.006 Al 1	0.00 -0.623	syn	3.790	BS 17572_100 4918.994 Fe 1	2.87 -0.342	15.5 4.772
	BS 17572_100 3961.520 Al 1	0.01 -0.323	syn	3.710	BS 17572_100 4920.502 Fe 1	2.83	0.068	31.3 4.746
	BS 17572_100 3905.523 Si 1	1.91 -0.743	84.4 4.693	BS 17572_100 5001.863 Fe 1	3.88	0.010	7.3 4.936
	BS 17572_100 4283.011 Ca 1	1.89 -0.292	14.7 4.267	BS 17572_100 5006.119 Fe 1	2.83 -0.638	10.8 4.851
	BS 17572_100 4318.652 Ca 1	1.90 -0.295	18.3 4.394	BS 17572_100 5049.820 Fe 1	2.28 -1.355	5.9 4.787
	BS 17572_100 4425.437 Ca 1	1.88 -0.358	13.4 4.281	BS 17572_100 5051.635 Fe 1	0.92 -2.795	5.8 4.998
	BS 17572_100 4435.679 Ca 1	1.89 -0.517	9.4 4.271	BS 17572_100 5110.413 Fe 1	0.00 -3.760	5.1 5.072
	BS 17572_100 4454.779 Ca 1	1.90	0.258	35.4 4.242	BS 17572_100 5171.596 Fe 1	1.49 -1.793	11.0 4.809
	BS 17572_100 5265.556 Ca 1	2.52 -0.113	8.6 4.208	BS 17572_100 5191.454 Fe 1	3.04 -0.551	8.5 4.821
	BS 17572_100 5588.749 Ca 1	2.53	0.358	15.1 4.202	BS 17572_100 5192.344 Fe 1	3.00 -0.421	12.8 4.858
	BS 17572_100 3933.660 Ca 2	0.00 -1.580	syn	4.250	BS 17572_100 5216.274 Fe 1	1.61 -2.150	5.3 4.925
	BS 17572_100 4246.822 Sc 2	0.31	0.242	40.8 0.737	BS 17572_100 5232.940 Fe 1	2.94 -0.058	21.2 4.713
	BS 17572_100 3998.636 Ti 1	0.05 -0.056	12.7 3.011	BS 17572_100 5266.555 Fe 1	3.00 -0.386	12.9 4.824
	BS 17572_100 4533.241 Ti 1	0.85	0.476	12.2 3.125	BS 17572_100 5269.537 Fe 1	0.86 -1.321	57.5 4.917
	BS 17572_100 4534.776 Ti 1	0.84	0.280	8.7 3.144	BS 17572_100 5283.621 Fe 1	3.24 -0.432	10.8 4.994
	BS 17572_100 4981.731 Ti 1	0.85	0.570	11.4 2.971	BS 17572_100 5324.179 Fe 1	3.21 -0.103	14.1 4.772
	BS 17572_100 4999.503 Ti 1	0.83	0.250	10.1 3.210	BS 17572_100 5328.039 Fe 1	0.92 -1.466	47.9 4.902
	BS 17572_100 5014.276 Ti 1	0.81	0.110	7.0 3.162	BS 17572_100 5328.531 Fe 1	1.56 -1.850	13.3 5.019
	BS 17572_100 3759.291 Ti 2	0.61	0.280	91.1 2.744	BS 17572_100 5339.929 Fe 1	3.27 -0.647	8.2 5.095
	BS 17572_100 3761.320 Ti 2	0.57	0.180	89.7 2.779	BS 17572_100 5383.369 Fe 1	4.31	0.645	13.4 4.963
	BS 17572_100 3913.461 Ti 2	1.12 -0.420	56.0 2.878	BS 17572_100 5397.128 Fe 1	0.92 -1.993	21.8 4.849
	BS 17572_100 4012.383 Ti 2	0.57 -1.840	14.8 2.843	BS 17572_100 5405.775 Fe 1	0.99 -1.844	25.3 4.857
	BS 17572_100 4028.338 Ti 2	1.89 -0.960	8.4 2.860	BS 17572_100 5424.068 Fe 1	4.32	0.520	9.0 4.895
	BS 17572_100 4290.215 Ti 2	1.16 -0.850	32.1 2.806	BS 17572_100 5429.696 Fe 1	0.96 -1.879	31.3 5.000
	BS 17572_100 4300.042 Ti 2	1.18 -0.440	46.2 2.691	BS 17572_100 5434.524 Fe 1	1.01 -2.122	16.5 4.907
	BS 17572_100 4337.914 Ti 2	1.08 -0.960	21.6 2.591	BS 17572_100 5446.916 Fe 1	0.99 -1.914	22.8 4.862
	BS 17572_100 4394.051 Ti 2	1.22 -1.780	6.4 2.919	BS 17572_100 5455.609 Fe 1	1.01 -2.091	18.4 4.934
	BS 17572_100 4395.031 Ti 2	1.08 -0.540	53.5 2.842	BS 17572_100 5586.756 Fe 1	3.37 -0.120	12.1 4.840
	BS 17572_100 4399.765 Ti 2	1.24 -1.190	16.4 2.806	BS 17572_100 5615.644 Fe 1	3.33	0.050	14.8 4.740
	BS 17572_100 4417.714 Ti 2	1.16 -1.190	19.8 2.842	BS 17572_100 4178.862 Fe 2	2.58 -2.535	8.6 4.937
	BS 17572_100 4443.794 Ti 2	1.08 -0.720	46.2 2.869	BS 17572_100 4233.172 Fe 2	2.58 -1.947	21.7 4.829
	BS 17572_100 4450.482 Ti 2	1.08 -1.520	13.8 2.904	BS 17572_100 4416.830 Fe 2	2.78 -2.602	6.3 5.011
	BS 17572_100 4464.449 Ti 2	1.16 -1.810	7.3 2.951	BS 17572_100 4508.288 Fe 2	2.86 -2.349	7.6 4.910
	BS 17572_100 4468.507 Ti 2	1.13 -0.600	44.3 2.755	BS 17572_100 4515.339 Fe 2	2.84 -2.540	7.7 5.096
	BS 17572_100 4501.270 Ti 2	1.12 -0.770	40.5 2.835	BS 17572_100 4522.634 Fe 2	2.84 -2.169	10.3 4.866
	BS 17572_100 4533.960 Ti 2	1.24 -0.530	43.1 2.752	BS 17572_100 4555.893 Fe 2	2.83 -2.421	7.8 4.967
	BS 17572_100 4563.757 Ti 2	1.22 -0.690	32.6 2.685	BS 17572_100 4583.837 Fe 2	2.81 -1.867	21.0 4.905
	BS 17572_100 4571.968 Ti 2	1.57 -0.320	40.9 2.797	BS 17572_100 4923.927 Fe 2	2.89 -1.504	37.0 4.973
	BS 17572_100 4589.958 Ti 2	1.24 -1.620	9.1 2.926	BS 17572_100 5018.440 Fe 2	2.89 -1.345	44.6 4.967
	BS 17572_100 5188.680 Ti 2	1.58 -1.050	10.8 2.713	BS 17572_100 5169.033 Fe 2	2.89 -1.250	54.3 5.067
	BS 17572_100 5226.538 Ti 2	1.57 -1.260	7.2 2.712	BS 17572_100 3995.302 Co 1	0.92 -0.220	11.1 2.695
	BS 17572_100 4254.336 Cr 1	0.00 -0.114	41.1 2.911	BS 17572_100 4121.311 Co 1	0.92 -0.320	9.1 2.683
	BS 17572_100 4274.797 Cr 1	0.00 -0.231	37.2 2.945	BS 17572_100 5476.900 Ni 1	1.83 -0.890	8.4 3.728
	BS 17572_100 4289.717 Cr 1	0.00 -0.361	30.8 2.936	BS 17572_100 4077.709 Sr 2	0.00	0.167	syn	0.290
	BS 17572_100 4646.162 Cr 1	1.03 -0.700	5.1 3.223	BS 17572_100 4215.519 Sr 2	0.00 -0.145	syn	0.250
	BS 17572_100 5206.037 Cr 1	0.94	0.019	15.3 2.928	BS 17572_100 4554.029 Ba 2	0.00	0.170	syn -0.860
	BS 17572_100 5208.425 Cr 1	0.94	0.158	23.6 3.031	BS 17572_100 4934.076 Ba 2	0.00 -0.150	syn -0.960
	BS 17572_100 5409.784 Cr 1	1.03 -0.720	6.3 3.300						
	BS 17572_100 4030.753 Mn 1	0.00 -0.470	syn	2.120	CS 22188_033 6707.764 Li 1	0.00 -0.036	syn	1.740
	BS 17572_100 4033.062 Mn 1	0.00 -0.618	syn	2.120	CS 22188_033 6707.915 Li 1	0.00 -0.337	syn	1.740
		1	1.61 -0.022	79.5 4.952						
	BS 17572_100 4076.629 Fe 1	3.21 -0.529	7.4 4.947						
	BS 17572_100 4132.058 Fe 1	1.61 -0.675	52.5 4.924						
	BS 17572_100 4132.899 Fe 1	2.85 -1.006	6.1 5.009						
	BS 17572_100 4134.677 Fe 1	2.83 -0.649	11.4 4.942						
	BS 17572_100 4143.868 Fe 1	1.56 -0.511	60.6 4.901						
	BS 17572_100 4147.669 Fe 1	1.49 -2.104	6.3 4.919						
	BS 17572_100 4154.499 Fe 1	2.83 -0.688	9.2 4.872						
	BS 17572_100 4156.799 Fe 1	2.83 -0.809	7.2 4.876						
	BS 17572_100 4175.636 Fe 1	2.85 -0.827	7.1 4.898						
	BS 17572_100 4181.755 Fe 1	2.83 -0.371	18.6 4.919						
	BS 17572_100 4187.039 Fe 1	2.45 -0.548	20.4 4.806						
	BS 17572_100 4187.795 Fe 1	2.42 -0.554	21.3 4.816						
	BS 17572_100 4191.430 Fe 1	2.47 -0.666	15.5 4.791						
	BS 17572_100 4199.095 Fe 1	3.05	0.155	28.4 4.839						
	BS 17572_100 4202.029 Fe 1	1.49 -0.708	55.7 4.912						
	BS 17572_100 4222.213 Fe 1	2.45 -0.967	10.2 4.860						
	BS 17572_100 4227.427 Fe 1	3.33	0.266	23.4 4.846						
	BS 17572_100 4233.602 Fe 1	2.48 -0.604	17.4 4.799						
	BS 17572_100 4250.119 Fe 1	2.47 -0.405	29.5 4.900						
	BS 17572_100 4260.474 Fe 1	2.40	0.109	51.3 4.774						
	BS 17572_100 4271.153 Fe 1	2.45 -0.349	29.3 4.820						
	BS 17572_100 4271.760 Fe 1	1.49 -0.164	78.9 4.937						
	BS 17572_100 4282.403 Fe 1	2.18 -0.779	20.4 4.795						
	BS 17572_100 4325.762 Fe 1	1.61	0.006	76.9 4.814						
	BS 17572_100 4337.046 Fe 1	1.56 -1.695	10.8 4.818						
	BS 17572_100 4383.545 Fe 1	1.49	0.200	94.8 4.941						
	BS 17572_100 4404.750 Fe 1	1.56 -0.142	77.3 4.915						
	BS 17572_100 4415.122 Fe 1	1.61 -0.615	57.9 4.954						

CS 22188_033 5889.951 Na 1 0.00 0.108 syn 2.920 CS 22188_033 5895.924 Na 1 0.00 -0.194 syn 3.030 CS 22188_033 3829.355 Mg 1 2.71 -0.207 syn 4.950 CS 22188_033 3832.304 Mg 1 2.71 0.146 syn 4.910 CS 22188_033 3838.290 Mg 1 2.72 0.415 syn 4.870 CS 22188_033 4351.906 Mg 1 4.34 -0.525 14.1 4.961 CS 22188_033 5172.684 Mg 1 2.71 -0.380 100.8 4.807 CS 22188_033 5183.604 Mg 1 2.72 -0.158 116.2 4.787 CS 22188_033 5528.405 Mg 1 4.34 -0.341 16.5 4.823 CS 22188_033 3944.006 Al 1 0.00 -0.640 syn 3.550 CS 22188_033 3961.520 Al

  

	Name	lambda Element	EP	loggf	EW	Abund	Name	lambda Element	EP	loggf	EW	Abund
	CS 22188_033 3787.880 Fe 1	1.01 -0.860	52.7 4.499						
	CS 22188_033 3805.343 Fe 1	3.30	0.310	18.8 4.606						
	CS 22188_033 3815.840 Fe 1	1.48	0.240	79.4 4.445						
	CS 22188_033 3820.425 Fe 1	0.86	0.120	99.8 4.447						
	CS 22188_033 3824.444 Fe 1	0.00 -1.360	83.1 4.846						
	CS 22188_033 3825.881 Fe 1	0.91 -0.040	83.0 4.309						
	CS 22188_033 3827.823 Fe 1	1.56	0.060	58.7 4.190						
	CS 22188_033 3840.438 Fe 1	0.99 -0.510	56.4 4.181						
	CS 22188_033 3849.967 Fe 1	1.01 -0.970	57.3 4.676						
	CS 22188_033 3850.818 Fe 1	0.99 -1.730	22.3 4.604						
	CS 22188_033 3856.372 Fe 1	0.05 -1.290	78.1 4.670						
	CS 22188_033 3859.911 Fe 1	0.00 -0.710	96.0 4.459						
	CS 22188_033 3865.523 Fe 1	1.01 -0.980	48.0 4.460						
	CS 22188_033 3878.018 Fe 1	0.96 -0.910	54.0 4.479						
	CS 22188_033 3878.573 Fe 1	0.09 -1.380	81.7 4.873						
	CS 22188_033 3895.656 Fe 1	0.11 -1.670	50.0 4.355						
	CS 22188_033 3899.707 Fe 1	0.09 -1.530	70.0 4.708						
	CS 22188_033 3920.258 Fe 1	0.12 -1.750	57.2 4.611						
	CS 22188_033 3922.912 Fe 1	0.05 -1.650	67.7 4.720						
	CS 22188_033 3997.392 Fe 1	2.73 -0.400	10.3 4.430						
	CS 22188_033 4005.242 Fe 1	1.56 -0.610	44.1 4.475						
	CS 22188_033 4045.812 Fe 1	1.48	0.280	84.7 4.430						
	CS 22188_033 4063.594 Fe 1	1.56	0.070	70.0 4.374						
	CS 22188_033 4071.738 Fe 1	1.61 -0.020	64.7 4.381						
	CS 22188_033 4132.058 Fe 1	1.61 -0.670	38.0 4.434						
	CS 22188_033 4143.868 Fe 1	1.56 -0.460	49.5 4.421						
	CS 22188_033 4147.669 Fe 1	1.48 -2.100	7.8 4.831						
	CS 22188_033 4153.900 Fe 1	3.40 -0.270	8.3 4.782						
	CS 22188_033 4156.799 Fe 1	2.83 -0.610	6.7 4.507						
	CS 22188_033 4181.755 Fe 1	2.83 -0.180	10.4 4.287						
	CS 22188_033 4187.039 Fe 1	2.45 -0.550	11.7 4.363						
	CS 22188_033 4187.795 Fe 1	2.42 -0.550	15.3 4.473						
	CS 22188_033 4191.431 Fe 1	2.47 -0.730	7.6 4.352						
	CS 22188_033 4195.329 Fe 1	3.33 -0.410	5.9 4.696						
	CS 22188_033 4199.095 Fe 1	3.05	0.250	16.3 4.289						
	CS 22188_033 4199.095 Fe 1	3.05	0.250	17.1 4.315						
	CS 22188_033 4202.029 Fe 1	1.48 -0.700	45.9 4.504						
	CS 22188_033 4222.213 Fe 1	2.45 -0.970	10.2 4.713						
	CS 22188_033 4227.427 Fe 1	3.33	0.230	13.2 4.443						
	CS 22188_033 4233.603 Fe 1	2.48 -0.600	11.3 4.419						
	CS 22188_033 4250.119 Fe 1	2.47 -0.400	20.1 4.510						
	CS 22188_033 4260.474 Fe 1	2.40 -0.020	41.2 4.533						
	CS 22188_033 4271.154 Fe 1	2.45 -0.350	20.5 4.451						
	CS 22188_033 4271.761 Fe 1	1.48 -0.160	67.3 4.435						
	CS 22188_033 4282.403 Fe 1	2.17 -0.820	13.8 4.460						
	CS 22188_033 4325.762 Fe 1	1.61 -0.010	72.8 4.520						
	CS 22188_033 4375.930 Fe 1	0.00 -3.030	11.2 4.539						
	CS 22188_033 4383.545 Fe 1	1.48	0.200	80.0 4.349						
	CS 22188_033 4404.750 Fe 1	1.56 -0.140	65.7 4.432						
	CS 22188_033 4415.123 Fe 1	1.61 -0.610	45.8 4.509						
	CS 22188_033 4442.339 Fe 1	2.20 -1.250	6.7 4.547						
	CS 22188_033 4459.118 Fe 1	2.18 -1.280	11.6 4.823						
	CS 22188_033 4461.653 Fe 1	0.09 -3.200	9.4 4.699						
	CS 22188_033 4494.563 Fe 1	2.20 -1.140	7.6 4.493						
	CS 22188_033 4871.318 Fe 1	2.87 -0.360	11.9 4.520						
	CS 22188_033 4891.492 Fe 1	2.85 -0.110	17.5 4.449						
	CS 22188_033 4918.994 Fe 1	2.87 -0.340	9.8 4.402						
	CS 22188_033 4920.503 Fe 1	2.83	0.070	22.6 4.391						
	CS 22188_033 5006.119 Fe 1	2.83 -0.620	5.8 4.393						
	CS 22188_033 5171.596 Fe 1	1.49 -1.790	8.5 4.498						
	CS 22188_033 5192.344 Fe 1	3.00 -0.420	6.0 4.355						
	CS 22188_033 5232.940 Fe 1	2.94 -0.060	14.4 4						
								1	0.01 -0.340	syn	3.410
							CS 22188_033 3905.523 Si 1	1.91 -1.090	85.0 4.849
							CS 22188_033 4283.011 Ca 1	1.89 -0.220	10.8 3.924
							CS 22188_033 4318.652 Ca 1	1.90 -0.210	8.9 3.828
							CS 22188_033 4454.779 Ca 1	1.90	0.260	21.9 3.817
							CS 22188_033 5588.749 Ca 1	2.52	0.210	7.2 3.875
							CS 22188_033 3933.660 Ca 2	0.00 -1.580	syn	3.910
							CS 22188_033 4246.822 Sc 2	0.31	0.240	21.0 0.287
							CS 22188_033 3759.296 Ti 2	0.61	0.270	71.8 2.203
							CS 22188_033 3761.323 Ti 2	0.57	0.170	68.4 2.187
							CS 22188_033 3913.468 Ti 2	1.12 -0.410	28.8 2.314
							CS 22188_033 4012.385 Ti 2	0.57 -1.750	7.8 2.431
							CS 22188_033 4290.219 Ti 2	1.16 -0.930	11.8 2.335
							CS 22188_033 4300.049 Ti 2	1.18 -0.490	23.5 2.278
							CS 22188_033 4395.033 Ti 2	1.08 -0.510	28.2 2.311
							CS 22188_033 4443.794 Ti 2	1.08 -0.700	22.1 2.346
							CS 22188_033 4468.507 Ti 2	1.13 -0.600	21.4 2.273
							CS 22188_033 4501.273 Ti 2	1.12 -0.760	13.9 2.185
							CS 22188_033 4254.332 Cr 1	0.00 -0.110	26.0 2.375
							CS 22188_033 4274.796 Cr 1	0.00 -0.230	24.8 2.464
							CS 22188_033 4289.716 Cr 1	0.00 -0.360	16.5 2.359
							CS 22188_033 5206.038 Cr 1	0.94	0.020	9.0 2.480
							CS 22188_033 5208.419 Cr 1	0.94	0.160	13.0 2.522
							CS 22188_033 4030.753 Mn 1	0.00 -0.480	syn	1.730
							CS 22188_033 4033.062 Mn 1	0.00 -0.620	syn	1.730
							CS 22188_033 4034.483 Mn 1	0.00 -0.810	syn	1.730
							CS 22188_033 3743.362 Fe 1	0.99 -0.790	57.3 4.577
							CS 22188_033 3758.233 Fe 1	0.96 -0.030	80.2 4.361
							CS 22188_033 3763.789 Fe 1	0.99 -0.240	71.5 4.374

.362 CS 22188_033 5266.555 Fe 1 3.00 -0.390 9.6 4.544 CS 22188_033 5269.537 Fe 1 0.86 -1.320 53.1 4.612 CS 22188_033 5324.179 Fe 1 3.21 -0.240 9.5 4.578 CS 22188_033 5328.039 Fe 1 0.92 -1.470 40.9 4.560 CS 22188_033 5328.532 Fe 1 1.56 -1.850 7.7 4.567 CS 22188_033 5371.490 Fe 1 0.96 -1.650 29.9 4.541 CS 22188_033 5397.128 Fe 1 0.92 -1.990 19.1 4.569 CS 22188_033 5405.775 Fe 1 0.99 -1.840 23.0 4.592 CS 22188_033 5424.068 Fe 1 4.32 0.520 5.6 4.575 CS 22188_033 5429.697 Fe 1 0.96 -1.880 22.6 4.592 CS 22188_033 5434.524 Fe

  

					CS 22882_027 3961.520 Al 1	0.01 -0.340	syn	3.700
					CS 22882_027 3905.523 Si 1	1.91 -1.090	77.1 5.043
					CS 22882_027 4318.652 Ca 1	1.90 -0.210	11.1 4.139
					CS 22882_027 4425.437 Ca 1	1.88 -0.360	12.6 4.339
					CS 22882_027 4454.779 Ca 1	1.90	0.260	35.8 4.337
					CS 22882_027 5265.556 Ca 1	2.52 -0.260	8.3 4.410
					CS 22882_027 5588.749 Ca 1	2.52	0.210	15.0 4.418
					CS 22882_027 3933.660 Ca 2	0.00 -1.580	syn	4.250
					CS 22882_027 4246.822 Sc 2	0.31	0.240	15.5 0.320
					CS 22882_027 3759.296 Ti 2	0.61	0.270	85.3 2.840
					CS 22882_027 3761.323 Ti 2	0.57	0.170	85.7 2.916
					CS 22882_027 3913.468 Ti 2	1.12 -0.410	46.4 2.848
					CS 22882_027 4012.385 Ti 2	0.57 -1.750	13.5 2.883
					CS 22882_027 4290.219 Ti 2	1.16 -0.930	22.7 2.836
					CS 22882_027 4300.049 Ti 2	1.18 -0.490	48.4 2.963
					CS 22882_027 4395.033 Ti 2	1.08 -0.510	41.7 2.755
					CS 22882_027 4399.772 Ti 2	1.24 -1.220	14.1 2.919
					CS 22882_027 4443.794 Ti 2	1.08 -0.700	31.1 2.717
					CS 22882_027 4450.482 Ti 2	1.08 -1.510	5.7 2.631
					CS 22882_027 4468.507 Ti 2	1.13 -0.600	41.8 2.882
					CS 22882_027 4501.273 Ti 2	1.12 -0.760	30.4 2.789
					CS 22882_027 4254.332 Cr 1	0.00 -0.110	39.2 3.027
					CS 22882_027 4274.796 Cr 1	0.00 -0.230	31.7 2.981
					CS 22882_027 4289.716 Cr 1	0.00 -0.360	23.2 2.906
					CS 22882_027 5206.038 Cr 1	0.94	0.020	15.3 3.056
					CS 22882_027 5208.419 Cr 1	0.94	0.160	20.0 3.063
					CS 22882_027 4030.753 Mn 1	0.00 -0.480	syn	2.320
					CS 22882_027 4033.062 Mn 1	0.00 -0.620	syn	2.320
					CS 22882_027 4034.483 Mn 1	0.00 -0.810	syn	2.320
					CS 22882_027 3743.362 Fe 1	0.99 -0.790	59.1 5.077
					CS 22882_027 3758.233 Fe 1	0.96 -0.030	85.5 4.993
					CS 22882_027 3763.789 Fe 1	0.99 -0.240	82.1 5.129
					CS 22882_027 3786.677 Fe 1	1.01 -2.230	7.8 4.948
					CS 22882_027 3787.880 Fe 1	1.01 -0.860	55.7 4.973
					CS 22882_027 3805.343 Fe 1	3.30	0.310	19.2 4.848
					CS 22882_027 3815.840 Fe 1	1.48	0.240	79.2 4.868
					CS 22882_027 3820.425 Fe 1	0.86	0.120	96.0 4.869
					CS 22882_027 3824.444 Fe 1	0.00 -1.360	72.3 5.038
					CS 22882_027 3825.881 Fe 1	0.91 -0.040	80.1 4.691
					CS 22882_027 3849.967 Fe 1	1.01 -0.970	57.3 5.057
					CS 22882_027 3850.818 Fe 1	0.99 -1.730	24.8 5.020
					CS 22882_027 3856.372 Fe 1	0.05 -1.290	78.9 5.173
					CS 22882_027 3859.911 Fe 1	0.00 -0.710	95.9 4.989
					CS 22882_027 3865.523 Fe 1	1.01 -0.980	60.0 5.129
					CS 22882_027 3878.018 Fe 1	0.96 -0.910	56.1 4.906
					CS 22882_027 3878.573 Fe 1	0.09 -1.380	74.3 5.145
					CS 22882_027 3920.258 Fe 1	0.12 -1.750	59.9 5.102
					CS 22882_027 3922.912 Fe 1	0.05 -1.650	60.5 4.957
					CS 22882_027 3997.392 Fe 1	2.73 -0.400	17.7 4.961
					CS 22882_027 4005.242 Fe 1	1.56 -0.610	53.2 5.011
					CS 22882_027 4021.867 Fe 1	2.76 -0.660	10.5 4.968
					CS 22882_027 4045.812 Fe 1	1.48	0.280	82.1 4.781
					CS 22882_027 4062.441 Fe 1	2.84 -0.790	8.5 5.057
					CS 22882_027 4063.594 Fe 1	1.56	0.070	77.1 4.927
					CS 22882_027 4067.978 Fe 1	3.21 -0.420	8.6 5.005
					CS 22882_027 4071.738 Fe 1	1.61 -0.020	72.3 4.934
					CS 22882_027 4132.058 Fe 1	1.61 -0.670	41.8 4.835
					CS 22882_027 4134.678 Fe 1	2.83 -0.490	9.5 4.796
					CS 22882_027 4143.868 Fe 1	1.56 -0.460	63.3 5.087
					CS 22882_027 4147.669 Fe 1	1.48 -2.100	6.4 5.052
					CS 22882_027 4156.799 Fe 1	2.83 -0.610	9.1 4.893
					CS 22882_027 4175.636 Fe 1	2.84 -0.680	8.3 4
	1	1.01 -2.120	8.3 4.354
	CS 22188_033 5446.917 Fe 1	0.99 -1.910	20.2 4.584
	CS 22188_033 5455.609 Fe 1	1.01 -2.090	11.3 4.474
	CS 22188_033 5572.842 Fe 1	3.40 -0.310	7.5 4.698
	CS 22188_033 5615.644 Fe 1	3.33 -0.140	13.2 4.737
	CS 22188_033 4233.172 Fe 2	2.58 -1.900	10.6 4.466
	CS 22188_033 4923.927 Fe 2	2.89 -1.504	20.0 4.647
	CS 22188_033 5018.440 Fe 2	2.89 -1.345	22.9 4.562
	CS 22188_033 3845.461 Co 1	0.92	0.010	8.9 2.184
	CS 22188_033 3995.302 Co 1	0.92 -0.220	6.8 2.257
	CS 22188_033 4121.311 Co 1	0.92 -0.320	5.7 2.259
	CS 22188_033 3807.138 Ni 1	0.42 -1.180	20.0 3.152
	CS 22188_033 3858.292 Ni 1	0.42 -0.970	35.2 3.300
	CS 22188_033 5476.900 Ni 1	1.83 -0.890	6.6 3.451
	CS 22188_033 4077.709 Sr 2	0.00	0.167	syn -0.390
	CS 22188_033 4215.519 Sr 2	0.00 -0.145	syn -0.380
	CS 22188_033 4934.076 Ba 2	0.00 -0.150	syn -1.220
	CS 22882_027 6707.764 Li 1	0.00 -0.036	syn	1.600
	CS 22882_027 6707.915 Li 1	0.00 -0.337	syn	1.600
	CS 22882_027 5889.951 Na 1	0.00	0.108	syn	3.110
	CS 22882_027 5895.924 Na 1	0.00 -0.194	syn	3.230
	CS 22882_027 3829.355 Mg 1	2.71 -0.207	syn	5.250
	CS 22882_027 3832.304 Mg 1	2.71	0.146	syn	5.370
	CS 22882_027 3838.290 Mg 1	2.72	0.415	syn	5.270
	CS 22882_027 5172.684 Mg 1	2.71 -0.380	99.3 5.124
	CS 22882_027 5183.604 Mg 1	2.72 -0.158 111.6 5.091
	CS 22882_027 5528.405 Mg 1	4.34 -0.341	19.4 5.058
	CS 22882_027 3944.006 Al 1	0.00 -0.640	syn	3.860

.925 CS 22882_027 4181.755 Fe 1 2.83 -0.180 22.9 4.957 CS 22882_027 4184.892 Fe 1 2.83 -0.840 5.6 4.890 CS 22882_027 4187.039 Fe 1 2.45 -0.550 17.3 4.831 CS 22882_027 4187.795 Fe 1 2.42 -0.550 20.5 4.900 CS 22882_027 4191.431 Fe 1 2.47 -0.730 17.3 5.028 CS 22882_027 4195.329 Fe 1 3.33 -0.410 11.1 5.213 CS 22882_027 4199.095 Fe 1 3.05 0.250 27.6 4.834 CS 22882_027 4199.095 Fe 1 3.05 0.250 27.5 4.832 CS 22882_027 4202.029 Fe 1 1.48 -0.700 48.3 4.890 CS 22882_027 4222.213 Fe 1 2.45 -0.970 9.5 4.941 CS 22882_027 4227.427 Fe

  

	Name	lambda Element	EP	loggf	EW	Abund	Name	lambda Element	EP	loggf	EW	Abund
	CS 22882_027 5328.039 Fe 1	0.92 -1.470	45.3 5.026						
	CS 22882_027 5328.532 Fe 1	1.56 -1.850	9.9 5.008						
	CS 22882_027 5369.962 Fe 1	4.37	0.540	10.9 5.087						
	CS 22882_027 5371.490 Fe 1	0.96 -1.650	31.3 4.934						
	CS 22882_027 5397.128 Fe 1	0.92 -1.990	18.6 4.913						
	CS 22882_027 5405.775 Fe 1	0.99 -1.840	27.9 5.070						
	CS 22882_027 5424.068 Fe 1	4.32	0.520	13.1 5.157						
	CS 22882_027 5429.697 Fe 1	0.96 -1.880	31.4 5.164						
	CS 22882_027 5434.524 Fe 1	1.01 -2.120	21.8 5.212						
	CS 22882_027 5446.917 Fe 1	0.99 -1.910	24.1 5.045						
	CS 22882_027 5455.609 Fe 1	1.01 -2.090	24.2 5.244						
	CS 22882_027 5586.756 Fe 1	3.37 -0.140	11.8 4.944						
	CS 22882_027 5615.644 Fe 1	3.33 -0.140	13.4 4.974						
	CS 22882_027 4233.172 Fe 2	2.58 -1.947	27.4 5.111						
	CS 22882_027 4923.927 Fe 2	2.89 -1.504	33.6 5.037						
	CS 22882_027 5018.440 Fe 2	2.89 -1.345	45.0 5.121						
	CS 22882_027 5169.033 Fe 2	2.89 -1.250	51.6 5.162						
	CS 22882_027 3845.461 Co 1	0.92	0.010	13.9 2.761						
	CS 22882_027 3995.302 Co 1	0.92 -0.220	17.4 3.079						
	CS 22882_027 4121.311 Co 1	0.92 -0.320	7.5 2.735						
	CS 22882_027 3858.292 Ni 1	0.42 -0.970	40.5 3.795						
	CS 22882_027 4077.709 Sr 2	0.00	0.167	syn -1.130						
	CS 22882_027 4215.519 Sr 2	0.00 -0.145	syn -1.230						
	CS 22950_173 6707.764 Li 1	0.00 -0.036	syn	2.230						
	CS 22950_173 6707.915 Li 1	0.00 -0.337	syn	2.230						
	CS 22950_173 5889.951 Na 1	0.00	0.108	syn	2.950						
	CS 22950_173 5895.924 Na 1	0.00 -0.194	syn	3.070						
	CS 22950_173 3829.355 Mg 1	2.71 -0.207	syn	5.090						
	CS 22950_173 3832.304 Mg 1	2.71	0.146	syn	5.070						
	CS 22950_173 3838.290 Mg 1	2.72	0.415	syn	5.020						
	CS 22950_173 5172.684 Mg 1	2.71 -0.380	98.8 4.905						
	CS 22950_173 5183.604 Mg 1	2.72 -0.158 121.7 5.001						
	CS 22950_173 5528.405 Mg 1	4.34 -0.341	22.0 5.011						
	CS 22950_173 3944.006 Al 1	0.00 -0.640	syn	3.650						
	CS 22950_173 3961.520 Al 1	0.01 -0.340	syn	3.530						
	CS 22950_173 3905.523 Si 1	1.91 -1.090	76.3 4.791						
	CS 22950_173 4283.011 Ca 1	1.89 -0.220	10.8 3.975						
	CS 22950_173 4318.652 Ca 1	1.90 -0.210	10.4 3.953						
	CS 22950_173 4454.779 Ca 1	1.90	0.260	23.2 3.905						
	CS 22950_173 5588.749 Ca 1	2.52	0.210	7.6 3.944						
	CS 22950_173 3933.660 Ca 2	0.00 -1.580	syn	3.990						
	CS 22950_173 4246.822 Sc 2	0.31	0.240	27.0 0.437						
	CS 22950_173 3759.296 Ti 2	0.61	0.270	74.2 2.308						
	CS 22950_173 3761.323 Ti 2	0.57	0.170	70.4 2.276						
	CS 22950_173 3913.468 Ti 2	1.12 -0.410	32.9 2.395						
	CS 22950_173 4012.385 Ti 2	0.57 -1.750	6.8 2.361						
	CS 22950_173 4290.219 Ti 2	1.16 -0.930	21.6 2.645						
	CS 22950_173 4300.049 Ti 2	1.18 -0.490	29.2 2.401						
	CS 22950_173 4395.033 Ti 2	1.08 -0.510	32.4 2.395						
	CS 22950_173 4443.794 Ti 2	1.08 -0.700	25.7 2.427						
	CS 22950_173 4468.507 Ti 2	1.13 -0.600	30.7 2.485						
	CS 22950_173 4501.273 Ti 2	1.12 -0.760	21.0 2.396						
	CS 22950_173 4254.332 Cr 1	0.00 -0.110	32.2 2.607						
	CS 22950_173 4274.796 Cr 1	0.00 -0.230	24.4 2.542						
	CS 22950_173 4289.716 Cr 1	0.00 -0.360	19.6 2.542						
	CS 22950_173 5206.038 Cr 1	0.94	0.020	11.4 2.672						
	CS 22950_173 5208.419 Cr 1	0.94	0.160	14.8 2.666						
	CS 22950_173 4030.753 Mn 1	0.00 -0.480	syn	1.860						
	CS 22950_173 4033.062 Mn 1	0.00 -0.620	syn	1.860						
	CS 22950_173 4034.483 Mn 1	0.00 -0.810	syn	1.860						
	CS 22950_173 3743.362 Fe 1	0.99 -0.790	62.6 4						
								1	3.33	0.230	16.3 4.770
							CS 22882_027 4233.603 Fe 1	2.48 -0.600	15.6 4.847
							CS 22882_027 4250.119 Fe 1	2.47 -0.400	28.7 4.994
							CS 22882_027 4260.474 Fe 1	2.40 -0.020	47.8 4.957
							CS 22882_027 4271.154 Fe 1	2.45 -0.350	29.0 4.932
							CS 22882_027 4271.761 Fe 1	1.48 -0.160	70.8 4.893
							CS 22882_027 4282.403 Fe 1	2.17 -0.820	18.1 4.885
							CS 22882_027 4325.762 Fe 1	1.61 -0.010	66.5 4.737
							CS 22882_027 4375.930 Fe 1	0.00 -3.030	11.9 4.969
							CS 22882_027 4383.545 Fe 1	1.48	0.200	84.4 4.857
							CS 22882_027 4404.750 Fe 1	1.56 -0.140	74.5 5.017
							CS 22882_027 4415.123 Fe 1	1.61 -0.610	49.1 4.909
							CS 22882_027 4442.339 Fe 1	2.20 -1.250	12.7 5.136
							CS 22882_027 4466.552 Fe 1	2.83 -0.600	15.0 5.118
							CS 22882_027 4494.563 Fe 1	2.20 -1.140	17.7 5.199
							CS 22882_027 4871.318 Fe 1	2.87 -0.360	13.1 4.815
							CS 22882_027 4872.138 Fe 1	2.88 -0.570	8.7 4.830
							CS 22882_027 4891.492 Fe 1	2.85 -0.110	24.8 4.901
							CS 22882_027 4918.994 Fe 1	2.87 -0.340	13.9 4.823
							CS 22882_027 4920.503 Fe 1	2.83	0.070	36.1 4.955
							CS 22882_027 5001.864 Fe 1	3.88	0.010	6.0 4.925
							CS 22882_027 5006.119 Fe 1	2.83 -0.620	7.5 4.760
							CS 22882_027 5049.820 Fe 1	2.28 -1.360	5.2 4.852
							CS 22882_027 5171.596 Fe 1	1.49 -1.790	10.8 4.938
							CS 22882_027 5192.344 Fe 1	3.00 -0.420	7.8 4.718
							CS 22882_027 5232.940 Fe 1	2.94 -0.060	24.5 4.907
							CS 22882_027 5266.555 Fe 1	3.00 -0.390	11.1 4.857
							CS 22882_027 5269.537 Fe 1	0.86 -1.320	52.3 4.981
							CS 22882_027 5324.179 Fe 1	3.21 -0.240	13.5 4.984

.849 CS 22950_173 3758.233 Fe 1 0.96 -0.030 95.0 4.854 CS 22950_173 3763.789 Fe 1 0.99 -0.240 72.8 4.547 CS 22950_173 3787.880 Fe 1 1.01 -0.860 54.0 4.633 CS 22950_173 3815.840 Fe 1 1.48 0.240 75.1 4.476 CS 22950_173 3820.425 Fe 1 0.86 0.120 93.0 4.486 CS 22950_173 3824.444 Fe 1 0.00 -1.360 79.3 4.899 CS 22950_173 3825.881 Fe 1 0.91 -0.040 80.9 4.403 CS 22950_173 3849.967 Fe 1 1.01 -0.970 51.7 4.638 CS 22950_173 3850.818 Fe 1 0.99 -1.730 23.5 4.720 CS 22950_173 3856.372 Fe 1 0.05 -1.290 75.3 4.735 CS 22950_173 3859.911 Fe 1 0.00 -0.710 100.2 4.727 CS 22950_173 3865.523 Fe

  

				CS 22950_173 4271.154 Fe 1	2.45 -0.350	30.2 4.756
				CS 22950_173 4271.761 Fe 1	1.48 -0.160	67.8 4.556
				CS 22950_173 4282.403 Fe 1	2.17 -0.820	16.4 4.619
				CS 22950_173 4325.762 Fe 1	1.61 -0.010	64.6 4.436
				CS 22950_173 4375.930 Fe 1	0.00 -3.030	12.8 4.705
				CS 22950_173 4383.545 Fe 1	1.48	0.200	83.3 4.557
				CS 22950_173 4404.750 Fe 1	1.56 -0.140	72.4 4.702
				CS 22950_173 4415.123 Fe 1	1.61 -0.610	48.9 4.661
				CS 22950_173 4442.339 Fe 1	2.20 -1.250	7.9 4.692
				CS 22950_173 4459.118 Fe 1	2.18 -1.280	5.8 4.557
				CS 22950_173 4494.563 Fe 1	2.20 -1.140	10.2 4.702
				CS 22950_173 4871.318 Fe 1	2.87 -0.360	9.1 4.448
				CS 22950_173 4872.138 Fe 1	2.88 -0.570	6.2 4.485
				CS 22950_173 4891.492 Fe 1	2.85 -0.110	15.9 4.460
				CS 22950_173 4918.994 Fe 1	2.87 -0.340	15.2 4.683
				CS 22950_173 4920.503 Fe 1	2.83	0.070	25.7 4.533
				CS 22950_173 5006.119 Fe 1	2.83 -0.620	8.3 4.621
				CS 22950_173 5171.596 Fe 1	1.49 -1.790	13.4 4.803
				CS 22950_173 5192.344 Fe 1	3.00 -0.420	8.5 4.577
				CS 22950_173 5232.940 Fe 1	2.94 -0.060	19.7 4.592
				CS 22950_173 5266.555 Fe 1	3.00 -0.390	12.7 4.741
				CS 22950_173 5269.537 Fe 1	0.86 -1.320	55.5 4.767
				CS 22950_173 5324.179 Fe 1	3.21 -0.240	14.3 4.839
				CS 22950_173 5328.039 Fe 1	0.92 -1.470	43.0 4.698
				CS 22950_173 5328.532 Fe 1	1.56 -1.850	7.7 4.645
				CS 22950_173 5371.490 Fe 1	0.96 -1.650	32.3 4.685
				CS 22950_173 5383.369 Fe 1	4.31	0.640	7.9 4.649
				CS 22950_173 5397.128 Fe 1	0.92 -1.990	23.8 4.786
				CS 22950_173 5405.775 Fe 1	0.99 -1.840	23.1 4.682
				CS 22950_173 5424.068 Fe 1	4.32	0.520	7.3 4.739
				CS 22950_173 5429.697 Fe 1	0.96 -1.880	18.9 4.577
				CS 22950_173 5434.524 Fe 1	1.01 -2.120	21.4 4.934
				CS 22950_173 5446.917 Fe 1	0.99 -1.910	25.3 4.806
				CS 22950_173 5455.609 Fe 1	1.01 -2.090	15.7 4.730
				CS 22950_173 5586.756 Fe 1	3.37 -0.140	11.5 4.761
				CS 22950_173 4233.172 Fe 2	2.58 -1.947	21.4 4.857
				CS 22950_173 4923.927 Fe 2	2.89 -1.504	33.6 4.943
				CS 22950_173 5018.440 Fe 2	2.89 -1.345	46.8 5.060
				CS 22950_173 5169.033 Fe 2	2.89 -1.250	51.1 5.048
				CS 22950_173 3845.461 Co 1	0.92	0.010	7.7 2.197
				CS 22950_173 3995.302 Co 1	0.92 -0.220	9.9 2.521
				CS 22950_173 4121.311 Co 1	0.92 -0.320	6.3 2.390
				CS 22950_173 3807.138 Ni 1	0.42 -1.180	22.9 3.321
				CS 22950_173 3858.292 Ni 1	0.42 -0.970	33.3 3.346
				CS 22950_173 5476.900 Ni 1	1.83 -0.890	10.8 3.757
				CS 22950_173 4077.709 Sr 2	0.00	0.167	syn -0.520
				CS 22950_173 4215.519 Sr 2	0.00 -0.145	syn -0.520
				CS 22950_173 4934.076 Ba 2	0.00 -0.150	syn -1.390
				CS 29491_084 6707.764 Li 1	0.00 -0.036	syn	2.150
				CS 29491_084 6707.915 Li 1	0.00 -0.337	syn	2.150
				CS 29491_084 5889.97	Na 1	0.00	0.108	syn	3.060
				CS 29491_084 5895.94	Na 1	0.00 -0.194	syn	3.140
				CS 29491_084 3829.355 Mg 1	2.71 -0.207	syn	4.810
				CS 29491_084 3832.304 Mg 1	2.71	0.146	syn	4.840
				CS 29491_084 3838.290 Mg 1	2.72	0.415	syn	4.860
				CS 29491_084 5172.684 Mg 1	2.71 -0.380	89.3 4.750
				CS 29491_084 5183.604 Mg 1	2.72 -0.158 109.0 4.859
				CS 29491_084 5528.405 Mg 1	4.34 -0.341	11.3 4.678
				CS 29491_084 3944.006 Al 1	0.00 -0.640	syn	3.500
				CS 29491_084 3961.520 Al 1	0.01 -0.340	syn	3.410
				CS 29491_084 3905.523 Si 1	1.91 -1.090	80.4 4
	1	1.01 -0.980	54.7 4.714		
	CS 22950_173 3878.018 Fe 1	0.96 -0.910	55.3 4.608		
	CS 22950_173 3878.573 Fe 1	0.09 -1.380	70.8 4.719		
	CS 22950_173 3895.656 Fe 1	0.11 -1.670	58.1 4.664		
	CS 22950_173 3899.707 Fe 1	0.09 -1.530	60.4 4.565		
	CS 22950_173 3920.258 Fe 1	0.12 -1.750	61.3 4.829		
	CS 22950_173 3922.912 Fe 1	0.05 -1.650	65.6 4.783		
	CS 22950_173 3997.392 Fe 1	2.73 -0.400	13.1 4.611		
	CS 22950_173 4005.242 Fe 1	1.56 -0.610	43.8 4.552		
	CS 22950_173 4045.812 Fe 1	1.48	0.280	80.6 4.475		
	CS 22950_173 4063.594 Fe 1	1.56	0.070	74.6 4.602		
	CS 22950_173 4071.738 Fe 1	1.61 -0.020	64.3 4.476		
	CS 22950_173 4132.058 Fe 1	1.61 -0.670	43.4 4.631		
	CS 22950_173 4143.868 Fe 1	1.56 -0.460	49.7 4.513		
	CS 22950_173 4153.900 Fe 1	3.40 -0.270	7.1 4.758		
	CS 22950_173 4181.755 Fe 1	2.83 -0.180	11.7 4.403		
	CS 22950_173 4187.039 Fe 1	2.45 -0.550	12.3 4.453		
	CS 22950_173 4187.795 Fe 1	2.42 -0.550	18.5 4.641		
	CS 22950_173 4191.431 Fe 1	2.47 -0.730	15.7 4.777		
	CS 22950_173 4199.095 Fe 1	3.05	0.250	22.8 4.536		
	CS 22950_173 4199.095 Fe 1	3.05	0.250	25.0 4.593		
	CS 22950_173 4202.029 Fe 1	1.48 -0.700	43.8 4.544		
	CS 22950_173 4222.213 Fe 1	2.45 -0.970	10.4 4.786		
	CS 22950_173 4227.427 Fe 1	3.33	0.230	21.3 4.755		
	CS 22950_173 4233.603 Fe 1	2.48 -0.600	17.0 4.695		
	CS 22950_173 4238.810 Fe 1	3.40 -0.270	6.2 4.688		
	CS 22950_173 4250.119 Fe 1	2.47 -0.400	21.0 4.602		
	CS 22950_173 4260.474 Fe 1	2.40 -0.020	45.0 4.688		

.800 CS 29491_084 4283.011 Ca 1 1.89 -0.220 11.6 4.013 CS 29491_084 4318.652 Ca 1 1.90 -0.210 10.4 3.957 CS 29491_084 4454.779 Ca 1 1.90 0.260 26.2 3.973 CS 29491_084 5265.556 Ca 1 2.52 -0.260 6.1 4.135 CS 29491_084 5349.465 Ca 1 2.71 -0.310 8.3 4.493 CS 29491_084 5588.749 Ca 1 2.52 0.210 12.1 4.172 CS 29491_084 3933.660 Ca 2 0.00 -1.580 syn 4.070 CS 29491_084 4246.822 Sc 2 0.31 0.240 37.2 0.492 CS 29491_084 3759.296 Ti 2 0.61 0.270 96.0 2.568 CS 29491_084 3761.323 Ti 2 0.57 0.170 89.5 2.473 CS 29491_084 3913.468 Ti

  

	Name	lambda Element	EP	loggf	EW	Abund	Name	lambda Element	EP	loggf	EW	Abund
	CS 29491_084 3849.967 Fe 1	1.01 -0.970	47.7 4.472						
	CS 29491_084 3850.818 Fe 1	0.99 -1.730	18.5 4.574						
	CS 29491_084 3856.372 Fe 1	0.05 -1.290	78.2 4.616						
	CS 29491_084 3859.911 Fe 1	0.00 -0.710	98.1 4.538						
	CS 29491_084 3865.523 Fe 1	1.01 -0.980	49.8 4.518						
	CS 29491_084 3878.018 Fe 1	0.96 -0.910	51.1 4.424						
	CS 29491_084 3878.573 Fe 1	0.09 -1.380	74.1 4.622						
	CS 29491_084 3899.707 Fe 1	0.09 -1.530	66.5 4.575						
	CS 29491_084 3920.258 Fe 1	0.12 -1.750	56.5 4.595						
	CS 29491_084 3922.912 Fe 1	0.05 -1.650	67.0 4.662						
	CS 29491_084 3997.392 Fe 1	2.73 -0.400	9.4 4.441						
	CS 29491_084 4005.242 Fe 1	1.56 -0.610	41.5 4.457						
	CS 29491_084 4045.812 Fe 1	1.48	0.280	88.3 4.516						
	CS 29491_084 4063.594 Fe 1	1.56	0.070	74.5 4.455						
	CS 29491_084 4071.738 Fe 1	1.61 -0.020	71.0 4.506						
	CS 29491_084 4132.058 Fe 1	1.61 -0.670	38.1 4.481						
	CS 29491_084 4134.678 Fe 1	2.83 -0.490	7.6 4.506						
	CS 29491_084 4143.868 Fe 1	1.56 -0.460	48.3 4.420						
	CS 29491_084 4154.499 Fe 1	2.83 -0.480	5.7 4.360						
	CS 29491_084 4156.799 Fe 1	2.83 -0.610	5.6 4.481						
	CS 29491_084 4181.755 Fe 1	2.83 -0.180	11.7 4.401						
	CS 29491_084 4187.039 Fe 1	2.45 -0.550	17.4 4.631						
	CS 29491_084 4187.795 Fe 1	2.42 -0.550	17.9 4.620						
	CS 29491_084 4191.431 Fe 1	2.47 -0.730	11.8 4.631						
	CS 29491_084 4199.095 Fe 1	3.05	0.250	17.9 4.385						
	CS 29491_084 4199.095 Fe 1	3.05	0.250	17.3 4.367						
	CS 29491_084 4202.029 Fe 1	1.48 -0.700	49.5 4.604						
	CS 29491_084 4222.213 Fe 1	2.45 -0.970	7.6 4.638						
	CS 29491_084 4227.427 Fe 1	3.33	0.230	17.4 4.634						
	CS 29491_084 4233.603 Fe 1	2.48 -0.600	14.0 4.592						
	CS 29491_084 4238.810 Fe 1	3.40 -0.270	5.9 4.665						
	CS 29491_084 4250.119 Fe 1	2.47 -0.400	16.2 4.457						
	CS 29491_084 4260.474 Fe 1	2.40 -0.020	38.8 4.539						
	CS 29491_084 4271.154 Fe 1	2.45 -0.350	22.0 4.553						
	CS 29491_084 4271.761 Fe 1	1.48 -0.160	68.2 4.436						
	CS 29491_084 4282.403 Fe 1	2.17 -0.820	13.3 4.506						
	CS 29491_084 4325.762 Fe 1	1.61 -0.010	69.2 4.419						
	CS 29491_084 4383.545 Fe 1	1.48	0.200	82.8 4.399						
	CS 29491_084 4404.750 Fe 1	1.56 -0.140	68.3 4.474						
	CS 29491_084 4415.123 Fe 1	1.61 -0.610	43.1 4.491						
	CS 29491_084 4494.563 Fe 1	2.20 -1.140	10.6 4.724						
	CS 29491_084 4871.318 Fe 1	2.87 -0.360	9.0 4.446						
	CS 29491_084 4872.138 Fe 1	2.88 -0.570	7.2 4.559						
	CS 29491_084 4891.492 Fe 1	2.85 -0.110	16.0 4.463						
	CS 29491_084 4918.994 Fe 1	2.87 -0.340	16.0 4.709						
	CS 29491_084 4920.503 Fe 1	2.83	0.070	23.8 4.480						
	CS 29491_084 5171.596 Fe 1	1.49 -1.790	8.0 4.555						
	CS 29491_084 5192.344 Fe 1	3.00 -0.420	8.5 4.581						
	CS 29491_084 5194.942 Fe 1	1.56 -2.090	5.6 4.751						
	CS 29491_084 5232.940 Fe 1	2.94 -0.060	16.1 4.481						
	CS 29491_084 5266.555 Fe 1	3.00 -0.390	6.6 4.428						
	CS 29491_084 5269.537 Fe 1	0.86 -1.320	48.6 4.560						
	CS 29491_084 5328.039 Fe 1	0.92 -1.470	37.0 4.545						
	CS 29491_084 5369.962 Fe 1	4.37	0.540	7.3 4.764						
	CS 29491_084 5371.490 Fe 1	0.96 -1.650	28.6 4.589						
	CS 29491_084 5397.128 Fe 1	0.92 -1.990	16.3 4.573						
	CS 29491_084 5405.775 Fe 1	0.99 -1.840	22.2 4.655						
	CS 29491_084 5424.068 Fe 1	4.32	0.520	6.4 4.677						
	CS 29491_084 5429.697 Fe 1	0.96 -1.880	19.1 4.583						
	CS 29491_084 5434.524 Fe 1	1.01 -2.120	13.9 4.702						
	CS 29491_084 5446.917 Fe 1	0.99 -1.910	17.2 4.583						
	CS 29491_084 5455.609 Fe 1	1.01 -2.090	11.8 4						
								2	1.12 -0.410	51.3 2.577
							CS 29491_084 4012.385 Ti 2	0.57 -1.750	12.9 2.536
							CS 29491_084 4028.343 Ti 2	1.89 -0.990	5.8 2.594
							CS 29491_084 4290.219 Ti 2	1.16 -0.930	25.3 2.588
							CS 29491_084 4300.049 Ti 2	1.18 -0.490	43.2 2.514
							CS 29491_084 4395.033 Ti 2	1.08 -0.510	48.9 2.539
							CS 29491_084 4399.772 Ti 2	1.24 -1.220	13.1 2.583
							CS 29491_084 4417.719 Ti 2	1.16 -1.230	14.7 2.584
							CS 29491_084 4443.794 Ti 2	1.08 -0.700	38.4 2.533
							CS 29491_084 4450.482 Ti 2	1.08 -1.510	10.1 2.602
							CS 29491_084 4468.507 Ti 2	1.13 -0.600	40.7 2.519
							CS 29491_084 4501.273 Ti 2	1.12 -0.760	33.9 2.536
							CS 29491_084 5188.680 Ti 2	1.58 -1.050	10.4 2.564
							CS 29491_084 4254.332 Cr 1	0.00 -0.110	33.8 2.622
							CS 29491_084 4274.796 Cr 1	0.00 -0.230	25.1 2.553
							CS 29491_084 4289.716 Cr 1	0.00 -0.360	21.2 2.585
							CS 29491_084 5206.038 Cr 1	0.94	0.020	9.8 2.606
							CS 29491_084 5208.419 Cr 1	0.94	0.160	15.6 2.698
							CS 29491_084 4030.753 Mn 1	0.00 -0.480	syn	1.830
							CS 29491_084 4033.062 Mn 1	0.00 -0.620	syn	1.830
							CS 29491_084 4034.483 Mn 1	0.00 -0.810	syn	1.830
							CS 29491_084 3743.362 Fe 1	0.99 -0.790	59.8 4.639
							CS 29491_084 3758.233 Fe 1	0.96 -0.030	88.1 4.566
							CS 29491_084 3763.789 Fe 1	0.99 -0.240	74.5 4.421
							CS 29491_084 3786.677 Fe 1	1.01 -2.230	6.2 4.575
							CS 29491_084 3787.880 Fe 1	1.01 -0.860	57.0 4.595
							CS 29491_084 3805.343 Fe 1	3.30	0.310	11.6 4.387
							CS 29491_084 3815.840 Fe 1	1.48	0.240	74.5 4.306
							CS 29491_084 3820.425 Fe 1	0.86	0.120	96.9 4.446

.589 CS 29491_084 5572.842 Fe 1 3.40 -0.310 5.4 4.603 CS 29491_084 5615.644 Fe 1 3.33 -0.140 6.9 4.482 CS 29491_084 4233.172 Fe 2 2.58 -1.947 13.9 4.467 CS 29491_084 4923.927 Fe 2 2.89 -1.504 29.0 4.670 CS 29491_084 5018.440 Fe 2 2.89 -1.345 39.6 4.719 CS 29491_084 5169.033 Fe 2 2.89 -1.250 43.5 4.690 CS 29491_084 3845.461 Co 1 0.92 0.010 8.7 2.259 CS 29491_084 3995.302 Co 1 0.92 -0.220 9.8 2.520 CS 29491_084 3807.138 Ni 1 0.42 -1.180 20.6 3.244 CS 29491_084 3858.292 Ni 1 0.42 -0.970 33.6 3.319 CS 29491_084 5476.900 Ni

  

					CS 29514_007 4012.385 Ti 2	0.57 -1.750	13.1 2.573
					CS 29514_007 4290.219 Ti 2	1.16 -0.930	31.7 2.760
					CS 29514_007 4300.049 Ti 2	1.18 -0.490	40.7 2.507
					CS 29514_007 4395.033 Ti 2	1.08 -0.510	45.2 2.514
					CS 29514_007 4399.772 Ti 2	1.24 -1.220	15.0 2.683
					CS 29514_007 4417.719 Ti 2	1.16 -1.230	13.3 2.564
					CS 29514_007 4443.794 Ti 2	1.08 -0.700	41.2 2.622
					CS 29514_007 4450.482 Ti 2	1.08 -1.510	8.8 2.565
					CS 29514_007 4468.507 Ti 2	1.13 -0.600	39.3 2.532
					CS 29514_007 4501.273 Ti 2	1.12 -0.760	37.4 2.639
					CS 29514_007 5226.543 Ti 2	1.57 -1.230	9.0 2.689
					CS 29514_007 4254.332 Cr 1	0.00 -0.110	34.7 2.634
					CS 29514_007 4274.796 Cr 1	0.00 -0.230	32.7 2.711
					CS 29514_007 4289.716 Cr 1	0.00 -0.360	28.9 2.759
					CS 29514_007 5206.038 Cr 1	0.94	0.020	11.9 2.690
					CS 29514_007 5208.419 Cr 1	0.94	0.160	20.9 2.845
					CS 29514_007 4030.753 Mn 1	0.00 -0.480	syn	2.010
					CS 29514_007 4033.062 Mn 1	0.00 -0.620	syn	2.010
					CS 29514_007 4034.483 Mn 1	0.00 -0.810	syn	2.010
					CS 29514_007 3743.362 Fe 1	0.99 -0.790	61.2 4.694
					CS 29514_007 3758.233 Fe 1	0.96 -0.030	85.7 4.537
					CS 29514_007 3763.789 Fe 1	0.99 -0.240	78.4 4.563
					CS 29514_007 3787.880 Fe 1	1.01 -0.860	54.2 4.547
					CS 29514_007 3805.343 Fe 1	3.30	0.310	14.9 4.511
					CS 29514_007 3815.840 Fe 1	1.48	0.240	82.8 4.551
					CS 29514_007 3820.425 Fe 1	0.86	0.120 106.1 4.682
					CS 29514_007 3825.881 Fe 1	0.91 -0.040	88.8 4.474
					CS 29514_007 3827.823 Fe 1	1.56	0.060	66.5 4.378
					CS 29514_007 3849.967 Fe 1	1.01 -0.970	56.3 4.659
					CS 29514_007 3850.818 Fe 1	0.99 -1.730	21.7 4.654
					CS 29514_007 3856.372 Fe 1	0.05 -1.290	77.4 4.633
					CS 29514_007 3859.911 Fe 1	0.00 -0.710 100.9 4.646
					CS 29514_007 3865.523 Fe 1	1.01 -0.980	50.2 4.533
					CS 29514_007 3878.018 Fe 1	0.96 -0.910	59.3 4.609
					CS 29514_007 3878.573 Fe 1	0.09 -1.380	80.6 4.835
					CS 29514_007 3899.707 Fe 1	0.09 -1.530	64.4 4.548
					CS 29514_007 3920.258 Fe 1	0.12 -1.750	59.8 4.680
					CS 29514_007 3922.912 Fe 1	0.05 -1.650	72.1 4.817
					CS 29514_007 3997.392 Fe 1	2.73 -0.400	12.3 4.567
					CS 29514_007 4005.242 Fe 1	1.56 -0.610	47.1 4.569
					CS 29514_007 4021.867 Fe 1	2.76 -0.660	9.3 4.713
					CS 29514_007 4045.812 Fe 1	1.48	0.280	87.8 4.537
					CS 29514_007 4063.594 Fe 1	1.56	0.070	80.6 4.634
					CS 29514_007 4071.738 Fe 1	1.61 -0.020	68.9 4.482
					CS 29514_007 4132.058 Fe 1	1.61 -0.670	47.1 4.657
					CS 29514_007 4134.678 Fe 1	2.83 -0.490	14.5 4.817
					CS 29514_007 4143.868 Fe 1	1.56 -0.460	50.5 4.468
					CS 29514_007 4181.755 Fe 1	2.83 -0.180	10.8 4.354
					CS 29514_007 4187.039 Fe 1	2.45 -0.550	16.5 4.596
					CS 29514_007 4187.795 Fe 1	2.42 -0.550	21.1 4.703
					CS 29514_007 4191.431 Fe 1	2.47 -0.730	15.6 4.764
					CS 29514_007 4199.095 Fe 1	3.05	0.250	25.7 4.588
					CS 29514_007 4199.095 Fe 1	3.05	0.250	20.4 4.453
					CS 29514_007 4202.029 Fe 1	1.48 -0.700	50.9 4.637
					CS 29514_007 4222.213 Fe 1	2.45 -0.970	9.4 4.731
					CS 29514_007 4227.427 Fe 1	3.33	0.230	22.2 4.765
					CS 29514_007 4233.603 Fe 1	2.48 -0.600	15.5 4.636
					CS 29514_007 4238.810 Fe 1	3.40 -0.270	7.3 4.758
					CS 29514_007 4250.119 Fe 1	2.47 -0.400	22.1 4.619
					CS 29514_007 4260.474 Fe 1	2.40 -0.020	46.0 4.674
					CS 29514_007 4271.154 Fe 1	2.45 -0.350	24.1 4.599
					CS 29514_007 4271.761 Fe 1	1.48 -0.160	78.8 4
	1	1.83 -0.890	7.2 3.565
	CS 29491_084 4077.709 Sr 2	0.00	0.167	syn -0.180
	CS 29491_084 4215.519 Sr 2	0.00 -0.145	syn -0.150
	CS 29491_084 4934.076 Ba 2	0.00 -0.150	syn -1.160
	CS 29514_007 6707.764 Li 1	0.00 -0.036	syn	2.290
	CS 29514_007 6707.915 Li 1	0.00 -0.337	syn	2.290
	CS 29514_007 5889.951 Na 1	0.00	0.108	syn	3.040
	CS 29514_007 5895.924 Na 1	0.00 -0.194	syn	3.060
	CS 29514_007 3829.355 Mg 1	2.71 -0.207	syn	4.970
	CS 29514_007 3832.304 Mg 1	2.71	0.146	syn	4.950
	CS 29514_007 3838.290 Mg 1	2.72	0.415	syn	4.950
	CS 29514_007 5172.684 Mg 1	2.71 -0.380 102.2 4.959
	CS 29514_007 5183.604 Mg 1	2.72 -0.158 107.6 4.830
	CS 29514_007 5528.405 Mg 1	4.34 -0.341	28.4 5.152
	CS 29514_007 3944.006 Al 1	0.00 -0.640	syn	3.560
	CS 29514_007 3961.520 Al 1	0.01 -0.340	syn	3.490
	CS 29514_007 3905.523 Si 1	1.91 -1.090	81.7 4.837
	CS 29514_007 4283.011 Ca 1	1.89 -0.220	11.5 4.002
	CS 29514_007 4318.652 Ca 1	1.90 -0.210	10.8 3.968
	CS 29514_007 4435.679 Ca 1	1.89 -0.520	7.6 4.105
	CS 29514_007 4454.779 Ca 1	1.90	0.260	33.5 4.121
	CS 29514_007 5265.556 Ca 1	2.52 -0.260	5.9 4.113
	CS 29514_007 5588.749 Ca 1	2.52	0.210	7.4 3.929
	CS 29514_007 3933.660 Ca 2	0.00 -1.580	syn	4.170
	CS 29514_007 4246.822 Sc 2	0.31	0.240	42.3 0.622
	CS 29514_007 3759.296 Ti 2	0.61	0.270	97.4 2.665
	CS 29514_007 3761.323 Ti 2	0.57	0.170	94.3 2.659
	CS 29514_007 3913.468 Ti 2	1.12 -0.410	51.1 2.618

.711 CS 29514_007 4282.403 Fe 1 2.17 -0.820 11.9 4.441 CS 29514_007 4325.762 Fe 1 1.61 -0.010 67.1 4.394 CS 29514_007 4352.735 Fe 1 2.22 -1.260 11.7 4.913 CS 29514_007 4375.930 Fe 1 0.00 -3.030 9.0 4.525 CS 29514_007 4383.545 Fe 1 1.48 0.200 94.6 4.714 CS 29514_007 4404.750 Fe 1 1.56 -0.140 69.7 4.528 CS 29514_007 4415.123 Fe 1 1.61 -0.610 50.5 4.636 CS 29514_007 4461.653 Fe 1 0.09 -3.200 8.7 4.754 CS 29514_007 4871.318 Fe 1 2.87 -0.360 16.1 4.728 CS 29514_007 4891.492 Fe 1 2.85 -0.110 15.6 4.442 CS 29514_007 4918.994 Fe

  

	Name	lambda Element	EP	loggf	EW	Abund	Name	lambda Element	EP	loggf	EW	Abund
	CS 29514_007 3807.138 Ni 1	0.42 -1.180	24.7 3.343						
	CS 29514_007 3858.292 Ni 1	0.42 -0.970	39.6 3.440						
	CS 29514_007 4077.709 Sr 2	0.00	0.167	syn -0.090						
	CS 29514_007 4215.519 Sr 2	0.00 -0.145	syn -0.140						
	CS 29514_007 4934.076 Ba 2	0.00 -0.150	syn -0.960						
	CS 29516_028 6707.764 Li 1	0.00 -0.036	syn	2.010						
	CS 29516_028 6707.915 Li 1	0.00 -0.337	syn	2.010						
	CS 29516_028 5889.951 Na 1	0.00	0.108	syn	2.670						
	CS 29516_028 5895.924 Na 1	0.00 -0.194	syn	2.530						
	CS 29516_028 3829.355 Mg 1	2.71 -0.207	syn	4.470						
	CS 29516_028 3832.304 Mg 1	2.71	0.146	syn	4.380						
	CS 29516_028 3838.290 Mg 1	2.72	0.415	syn	4.460						
	CS 29516_028 5172.684 Mg 1	2.71 -0.380	91.3 4.449						
	CS 29516_028 5183.604 Mg 1	2.72 -0.158 105.5 4.405						
	CS 29516_028 3944.006 Al 1	0.00 -0.640	syn	3.250						
	CS 29516_028 3961.520 Al 1	0.01 -0.340	syn	3.040						
	CS 29516_028 3905.523 Si 1	1.91 -1.090	65.7 4.297						
	CS 29516_028 4283.011 Ca 1	1.89 -0.220	8.9 3.490						
	CS 29516_028 4318.652 Ca 1	1.90 -0.210	10.8 3.530						
	CS 29516_028 4454.779 Ca 1	1.90	0.260	8.6 3.230						
	CS 29516_028 3933.660 Ca 2	0.00 -1.580	syn	3.330						
	CS 29516_028 4246.822 Sc 2	0.31	0.240	16.6 0.034						
	CS 29516_028 3759.296 Ti 2	0.61	0.270	54.9 1.684						
	CS 29516_028 3761.323 Ti 2	0.57	0.170	57.2 1.803						
	CS 29516_028 3913.468 Ti 2	1.12 -0.410	22.3 2.069						
	CS 29516_028 4012.385 Ti 2	0.57 -1.750	5.1 2.118						
	CS 29516_028 4300.049 Ti 2	1.18 -0.490	10.1 1.743						
	CS 29516_028 4395.033 Ti 2	1.08 -0.510	9.1 1.610						
	CS 29516_028 4501.273 Ti 2	1.12 -0.760	6.8 1.742						
	CS 29516_028 4254.332 Cr 1	0.00 -0.110	26.9 2.149						
	CS 29516_028 4274.796 Cr 1	0.00 -0.230	19.6 2.074						
	CS 29516_028 4289.716 Cr 1	0.00 -0.360	13.2 1.989						
	CS 29516_028 4030.753 Mn 1	0.00 -0.480	syn	1.600						
	CS 29516_028 4033.062 Mn 1	0.00 -0.620	syn	1.600						
	CS 29516_028 4034.483 Mn 1	0.00 -0.810	syn	1.600						
	CS 29516_028 3743.362 Fe 1	0.99 -0.790	51.0 4.165						
	CS 29516_028 3758.233 Fe 1	0.96 -0.030	76.2 3.983						
	CS 29516_028 3763.789 Fe 1	0.99 -0.240	68.7 4.044						
	CS 29516_028 3767.192 Fe 1	1.01 -0.390	56.8 3.914						
	CS 29516_028 3787.880 Fe 1	1.01 -0.860	47.9 4.150						
	CS 29516_028 3815.840 Fe 1	1.48	0.240	75.2 4.102						
	CS 29516_028 3820.425 Fe 1	0.86	0.120	88.1 3.930						
	CS 29516_028 3824.444 Fe 1	0.00 -1.360	70.9 4.262						
	CS 29516_028 3825.881 Fe 1	0.91 -0.040	77.7 3.926						
	CS 29516_028 3827.823 Fe 1	1.56	0.060	59.5 3.996						
	CS 29516_028 3840.438 Fe 1	0.99 -0.510	56.9 3.971						
	CS 29516_028 3849.967 Fe 1	1.01 -0.970	49.5 4.266						
	CS 29516_028 3850.818 Fe 1	0.99 -1.730	11.5 3.994						
	CS 29516_028 3856.372 Fe 1	0.05 -1.290	66.1 4.097						
	CS 29516_028 3859.911 Fe 1	0.00 -0.710	96.4 4.127						
	CS 29516_028 3865.523 Fe 1	1.01 -0.980	36.1 3.963						
	CS 29516_028 3878.018 Fe 1	0.96 -0.910	47.4 4.100						
	CS 29516_028 3878.573 Fe 1	0.09 -1.380	64.2 4.165						
	CS 29516_028 3886.282 Fe 1	0.05 -1.080	73.3 4.055						
	CS 29516_028 3895.656 Fe 1	0.11 -1.670	46.7 4.023						
	CS 29516_028 3899.707 Fe 1	0.09 -1.530	58.2 4.150						
	CS 29516_028 3920.258 Fe 1	0.12 -1.750	55.4 4.320						
	CS 29516_028 3922.912 Fe 1	0.05 -1.650	59.3 4.253						
	CS 29516_028 4005.242 Fe 1	1.56 -0.610	38.7 4.149						
	CS 29516_028 4045.812 Fe 1	1.48	0.280	75.5 3.995						
	CS 29516_028 4063.594 Fe 1	1.56	0.070	69.9 4						
								1	2.87 -0.340	14.0 4.633
							CS 29514_007 4920.503 Fe 1	2.83	0.070	25.1 4.506
							CS 29514_007 5006.119 Fe 1	2.83 -0.620	10.5 4.730
							CS 29514_007 5049.820 Fe 1	2.28 -1.360	6.7 4.756
							CS 29514_007 5171.596 Fe 1	1.49 -1.790	11.8 4.732
							CS 29514_007 5192.344 Fe 1	3.00 -0.420	12.8 4.772
							CS 29514_007 5232.940 Fe 1	2.94 -0.060	15.2 4.444
							CS 29514_007 5266.555 Fe 1	3.00 -0.390	11.4 4.682
							CS 29514_007 5269.537 Fe 1	0.86 -1.320	57.2 4.729
							CS 29514_007 5283.621 Fe 1	3.24 -0.520	6.2 4.736
							CS 29514_007 5324.179 Fe 1	3.21 -0.240	12.2 4.752
							CS 29514_007 5328.039 Fe 1	0.92 -1.470	44.8 4.691
							CS 29514_007 5328.532 Fe 1	1.56 -1.850	8.7 4.699
							CS 29514_007 5371.490 Fe 1	0.96 -1.650	35.0 4.715
							CS 29514_007 5397.128 Fe 1	0.92 -1.990	21.1 4.702
							CS 29514_007 5405.775 Fe 1	0.99 -1.840	26.1 4.740
							CS 29514_007 5429.697 Fe 1	0.96 -1.880	22.2 4.656
							CS 29514_007 5434.524 Fe 1	1.01 -2.120	14.3 4.704
							CS 29514_007 5446.917 Fe 1	0.99 -1.910	21.5 4.694
							CS 29514_007 5455.609 Fe 1	1.01 -2.090	17.4 4.776
							CS 29514_007 5572.842 Fe 1	3.40 -0.310	6.4 4.674
							CS 29514_007 5615.644 Fe 1	3.33 -0.140	10.4 4.670
							CS 29514_007 4233.172 Fe 2	2.58 -1.947	22.7 4.769
							CS 29514_007 4923.927 Fe 2	2.89 -1.504	33.5 4.806
							CS 29514_007 5018.440 Fe 2	2.89 -1.345	37.7 4.727
							CS 29514_007 5169.033 Fe 2	2.89 -1.250	49.7 4.855
							CS 29514_007 3845.461 Co 1	0.92	0.010	11.4 2.380
							CS 29514_007 3995.302 Co 1	0.92 -0.220	13.2 2.656
							CS 29514_007 4121.311 Co 1	0.92 -0.320	12.8 2.727

.154 CS 29516_028 4071.738 Fe 1 1.61 -0.020 56.9 3.997 CS 29516_028 4132.058 Fe 1 1.61 -0.670 33.0 4.114 CS 29516_028 4143.868 Fe 1 1.56 -0.460 43.9 4.093 CS 29516_028 4187.039 Fe 1 2.45 -0.550 10.2 4.108 CS 29516_028 4199.095 Fe 1 3.05 0.250 11.7 3.956 CS 29516_028 4199.095 Fe 1 3.05 0.250 17.4 4.167 CS 29516_028 4202.029 Fe 1 1.48 -0.700 36.3 4.084 CS 29516_028 4227.427 Fe 1 3.33 0.230 11.5 4.223 CS 29516_028 4260.474 Fe 1 2.40 -0.020 23.4 3.961 CS 29516_028 4271.761 Fe 1 1.48 -0.160 60.4 4.065 CS 29516_028 4325.762 Fe

  

				CS 30302_145 6707.764 Li 1	0.00 -0.036	syn	2.170
				CS 30302_145 6707.915 Li 1	0.00 -0.337	syn	2.170
				CS 30302_145 5889.951 Na 1	0.00	0.108	syn	2.520
				CS 30302_145 5895.924 Na 1	0.00 -0.194	syn	2.530
				CS 30302_145 3829.355 Mg 1	2.71 -0.207	syn	4.380
				CS 30302_145 3832.304 Mg 1	2.71	0.146	syn	4.510
				CS 30302_145 3838.290 Mg 1	2.72	0.415	syn	4.280
				CS 30302_145 5172.684 Mg 1	2.71 -0.380	55.8 4.311
				CS 30302_145 5183.604 Mg 1	2.72 -0.158	72.1 4.349
				CS 30302_145 3944.006 Al 1	0.00 -0.640	syn	2.800
				CS 30302_145 3961.520 Al 1	0.01 -0.340	syn	2.870
				CS 30302_145 3905.523 Si 1	1.91 -1.090	32.1 4.066
				CS 30302_145 6122.217 Ca 1	1.89 -0.316	8.8 3.842
				CS 30302_145 6439.075 Ca 1	2.53	0.390	8.6 3.790
				CS 30302_145 3933.660 Ca 2	0.00 -1.580	syn	3.570
				CS 30302_145 4246.822 Sc 2	0.31	0.240	21.0 0.319
				CS 30302_145 3759.296 Ti 2	0.61	0.270	73.8 2.237
				CS 30302_145 3761.323 Ti 2	0.57	0.170	81.2 2.492
				CS 30302_145 3913.468 Ti 2	1.12 -0.410	30.3 2.341
				CS 30302_145 4290.219 Ti 2	1.16 -0.930	11.2 2.315
				CS 30302_145 4300.049 Ti 2	1.18 -0.490	27.1 2.361
				CS 30302_145 4395.033 Ti 2	1.08 -0.510	29.2 2.333
				CS 30302_145 4468.507 Ti 2	1.13 -0.600	21.4 2.276
				CS 30302_145 4501.273 Ti 2	1.12 -0.760	22.8 2.456
				CS 30302_145 4254.332 Cr 1	0.00 -0.110	27.9 2.627
				CS 30302_145 4274.796 Cr 1	0.00 -0.230	27.8 2.743
				CS 30302_145 4289.716 Cr 1	0.00 -0.360	22.7 2.750
				CS 30302_145 5206.038 Cr 1	0.94	0.020	10.0 2.723
				CS 30302_145 5208.419 Cr 1	0.94	0.160	8.6 2.510
				CS 30302_145 4030.753 Mn 1	0.00 -0.480	syn	2.330
				CS 30302_145 4033.062 Mn 1	0.00 -0.620	syn	2.330
				CS 30302_145 4034.483 Mn 1	0.00 -0.810	syn	2.330
				CS 30302_145 3758.233 Fe 1	0.96 -0.030	76.9 4.455
				CS 30302_145 3763.789 Fe 1	0.99 -0.240	62.5 4.292
				CS 30302_145 3787.880 Fe 1	1.01 -0.860	43.9 4.470
				CS 30302_145 3815.840 Fe 1	1.48	0.240	64.3 4.217
				CS 30302_145 3820.425 Fe 1	0.86	0.120	84.7 4.314
				CS 30302_145 3824.444 Fe 1	0.00 -1.360	59.5 4.379
				CS 30302_145 3825.881 Fe 1	0.91 -0.040	72.2 4.183
				CS 30302_145 3827.823 Fe 1	1.56	0.060	50.4 4.144
				CS 30302_145 3840.438 Fe 1	0.99 -0.510	50.4 4.200
				CS 30302_145 3849.967 Fe 1	1.01 -0.970	38.6 4.431
				CS 30302_145 3850.818 Fe 1	0.99 -1.730	15.6 4.609
				CS 30302_145 3856.372 Fe 1	0.05 -1.290	70.0 4.595
				CS 30302_145 3859.911 Fe 1	0.00 -0.710	96.9 4.700
				CS 30302_145 3865.523 Fe 1	1.01 -0.980	45.0 4.565
				CS 30302_145 3878.018 Fe 1	0.96 -0.910	40.7 4.359
				CS 30302_145 3878.573 Fe 1	0.09 -1.380	63.1 4.534
				CS 30302_145 3895.656 Fe 1	0.11 -1.670	41.0 4.360
				CS 30302_145 3899.707 Fe 1	0.09 -1.530	50.1 4.386
				CS 30302_145 3920.258 Fe 1	0.12 -1.750	45.2 4.527
				CS 30302_145 3922.912 Fe 1	0.05 -1.650	55.4 4.576
				CS 30302_145 4005.242 Fe 1	1.56 -0.610	35.2 4.454
				CS 30302_145 4045.812 Fe 1	1.48	0.280	75.2 4.348
				CS 30302_145 4063.594 Fe 1	1.56	0.070	62.3 4.321
				CS 30302_145 4071.738 Fe 1	1.61 -0.020	56.9 4.337
				CS 30302_145 4132.058 Fe 1	1.61 -0.670	33.7 4.512
				CS 30302_145 4143.868 Fe 1	1.56 -0.460	44.5 4.473
				CS 30302_145 4181.755 Fe 1	2.83 -0.180	15.1 4.620
				CS 30302_145 4187.039 Fe 1	2.45 -0.550	17.5 4.731
				CS 30302_145 4187.795 Fe 1	2.42 -0.550	10.3 4.435
				CS 30302_145 4191.431 Fe 1	2.47 -0.730	7.6 4
	1	1.61 -0.010	56.8 3.949	
	CS 29516_028 4375.930 Fe 1	0.00 -3.030	9.1 4.146	
	CS 29516_028 4383.545 Fe 1	1.48	0.200	75.3 4.013	
	CS 29516_028 4404.750 Fe 1	1.56 -0.140	59.0 4.070	
	CS 29516_028 4415.123 Fe 1	1.61 -0.610	33.5 4.035	
	CS 29516_028 4891.492 Fe 1	2.85 -0.110	10.9 4.031	
	CS 29516_028 4920.503 Fe 1	2.83	0.070	18.6 4.104	
	CS 29516_028 5171.596 Fe 1	1.49 -1.790	8.7 4.277	
	CS 29516_028 5232.940 Fe 1	2.94 -0.060	10.8 4.044	
	CS 29516_028 5269.537 Fe 1	0.86 -1.320	43.1 4.156	
	CS 29516_028 5328.039 Fe 1	0.92 -1.470	32.6 4.136	
	CS 29516_028 5371.490 Fe 1	0.96 -1.650	21.6 4.086	
	CS 29516_028 5397.128 Fe 1	0.92 -1.990	7.4 3.829	
	CS 29516_028 5405.775 Fe 1	0.99 -1.840	15.6 4.121	
	CS 29516_028 5429.697 Fe 1	0.96 -1.880	20.2 4.273	
	CS 29516_028 5446.917 Fe 1	0.99 -1.910	10.0 3.961	
	CS 29516_028 5455.609 Fe 1	1.01 -2.090	6.5 3.952	
	CS 29516_028 4923.927 Fe 2	2.89 -1.504	9.2 4.229	
	CS 29516_028 5018.440 Fe 2	2.89 -1.345	15.3 4.325	
	CS 29516_028 5169.033 Fe 2	2.89 -1.250	15.1 4.214	
	CS 29516_028 3995.302 Co 1	0.92 -0.220	9.7 2.179	
	CS 29516_028 4121.311 Co 1	0.92 -0.320	8.0 2.170	
	CS 29516_028 3807.138 Ni 1	0.42 -1.180	26.2 3.064	
	CS 29516_028 3858.292 Ni 1	0.42 -0.970	37.1 3.099	
	CS 29516_028 4077.709 Sr 2	0.00	0.167	syn -0.760	
	CS 29516_028 4215.519 Sr 2	0.00 -0.145	syn -0.710	
	CS 29516_028 4934.076 Ba 2	0.00 -0.150	syn -1.980	

.513 CS 30302_145 4199.095 Fe 1 3.05 0.250 12.8 4.296 CS 30302_145 4199.095 Fe 1 3.05 0.250 16.9 4.441 CS 30302_145 4202.029 Fe 1 1.48 -0.700 33.4 4.414 CS 30302_145 4227.427 Fe 1 3.33 0.230 7.3 4.283 CS 30302_145 4233.603 Fe 1 2.48 -0.600 7.3 4.369 CS 30302_145 4250.119 Fe 1 2.47 -0.400 15.0 4.512 CS 30302_145 4260.474 Fe 1 2.40 -0.020 35.5 4.577 CS 30302_145 4271.154 Fe 1 2.45 -0.350 24.7 4.717 CS 30302_145 4271.761 Fe 1 1.48 -0.160 64.3 4.496 CS 30302_145 4282.403 Fe 1 2.17 -0.820 10.8 4.503 CS 30302_145 4325.762 Fe

  

	Name	lambda Element	EP	loggf	EW	Abund	Name	lambda Element	EP	loggf	EW	Abund
	CS 30344_070 3829.355 Mg 1	2.71 -0.207	syn	4.850						
	CS 30344_070 3832.304 Mg 1	2.71	0.146	syn	4.830						
	CS 30344_070 3838.290 Mg 1	2.72	0.415	syn	4.880						
	CS 30344_070 5172.684 Mg 1	2.71 -0.380	80.6 4.712						
	CS 30344_070 5183.604 Mg 1	2.72 -0.158	95.1 4.735						
	CS 30344_070 5528.405 Mg 1	4.34 -0.341	7.0 4.516						
	CS 30344_070 3944.006 Al 1	0.00 -0.640	syn	3.580						
	CS 30344_070 3961.520 Al 1	0.01 -0.340	syn	3.400						
	CS 30344_070 3905.523 Si 1	1.91 -1.090	55.9 4.492						
	CS 30344_070 4283.011 Ca 1	1.89 -0.220	7.4 3.885						
	CS 30344_070 4435.679 Ca 1	1.89 -0.520	8.1 4.229						
	CS 30344_070 4454.779 Ca 1	1.90	0.260	20.9 3.933						
	CS 30344_070 3933.660 Ca 2	0.00 -1.580	syn	4.080						
	CS 30344_070 4246.822 Sc 2	0.31	0.240	25.0 0.379						
	CS 30344_070 3759.296 Ti 2	0.61	0.270	79.3 2.305						
	CS 30344_070 3761.323 Ti 2	0.57	0.170	84.0 2.491						
	CS 30344_070 3913.468 Ti 2	1.12 -0.410	35.9 2.408						
	CS 30344_070 4012.385 Ti 2	0.57 -1.750	6.1 2.307						
	CS 30344_070 4290.219 Ti 2	1.16 -0.930	17.7 2.506						
	CS 30344_070 4300.049 Ti 2	1.18 -0.490	32.9 2.437						
	CS 30344_070 4395.033 Ti 2	1.08 -0.510	37.4 2.451						
	CS 30344_070 4399.772 Ti 2	1.24 -1.220	6.9 2.389						
	CS 30344_070 4443.794 Ti 2	1.08 -0.700	29.5 2.477						
	CS 30344_070 4468.507 Ti 2	1.13 -0.600	31.4 2.460						
	CS 30344_070 4501.273 Ti 2	1.12 -0.760	20.7 2.360						
	CS 30344_070 5188.680 Ti 2	1.58 -1.050	6.4 2.443						
	CS 30344_070 4254.332 Cr 1	0.00 -0.110	26.4 2.615						
	CS 30344_070 4274.796 Cr 1	0.00 -0.230	21.2 2.606						
	CS 30344_070 4289.716 Cr 1	0.00 -0.360	16.4 2.596						
	CS 30344_070 5206.038 Cr 1	0.94	0.020	8.2 2.650						
	CS 30344_070 5208.419 Cr 1	0.94	0.160	9.9 2.601						
	CS 30344_070 4030.753 Mn 1	0.00 -0.480	syn	1.890						
	CS 30344_070 4033.062 Mn 1	0.00 -0.620	syn	1.890						
	CS 30344_070 4034.483 Mn 1	0.00 -0.810	syn	1.890						
	CS 30344_070 3743.362 Fe 1	0.99 -0.790	48.5 4.553						
	CS 30344_070 3758.233 Fe 1	0.96 -0.030	80.8 4.547						
	CS 30344_070 3763.789 Fe 1	0.99 -0.240	67.8 4.418						
	CS 30344_070 3787.880 Fe 1	1.01 -0.860	49.7 4.599						
	CS 30344_070 3815.840 Fe 1	1.48	0.240	74.6 4.459						
	CS 30344_070 3820.425 Fe 1	0.86	0.120	86.8 4.351						
	CS 30344_070 3824.444 Fe 1	0.00 -1.360	72.8 4.703						
	CS 30344_070 3825.881 Fe 1	0.91 -0.040	87.5 4.567						
	CS 30344_070 3827.823 Fe 1	1.56	0.060	58.4 4.315						
	CS 30344_070 3840.438 Fe 1	0.99 -0.510	58.7 4.379						
	CS 30344_070 3849.967 Fe 1	1.01 -0.970	44.8 4.567						
	CS 30344_070 3850.818 Fe 1	0.99 -1.730	16.5 4.661						
	CS 30344_070 3856.372 Fe 1	0.05 -1.290	69.5 4.568						
	CS 30344_070 3859.911 Fe 1	0.00 -0.710	91.3 4.533						
	CS 30344_070 3865.523 Fe 1	1.01 -0.980	49.1 4.655						
	CS 30344_070 3878.018 Fe 1	0.96 -0.910	41.3 4.383						
	CS 30344_070 3878.573 Fe 1	0.09 -1.380	64.5 4.561						
	CS 30344_070 3895.656 Fe 1	0.11 -1.670	44.8 4.450						
	CS 30344_070 3899.707 Fe 1	0.09 -1.530	51.9 4.431						
	CS 30344_070 3920.258 Fe 1	0.12 -1.750	50.0 4.635						
	CS 30344_070 3922.912 Fe 1	0.05 -1.650	55.4 4.580						
	CS 30344_070 4005.242 Fe 1	1.56 -0.610	41.0 4.582						
	CS 30344_070 4045.812 Fe 1	1.48	0.280	85.0 4.575						
	CS 30344_070 4063.594 Fe 1	1.56	0.070	63.6 4.345						
	CS 30344_070 4071.738 Fe 1	1.61 -0.020	64.5 4.497						
	CS 30344_070 4132.058 Fe 1	1.61 -0.670	33.8 4.529						
	CS 30344_070 4143.868 Fe 1	1.56 -0.460	43.7 4.467						
	CS 30344_070 4181.755 Fe 1	2.83 -0.180	9.6 4						
								1	1.61 -0.010	60.5 4.373
							CS 30302_145 4383.545 Fe 1	1.48	0.200	84.8 4.603
							CS 30302_145 4404.750 Fe 1	1.56 -0.140	54.6 4.328
							CS 30302_145 4415.123 Fe 1	1.61 -0.610	39.6 4.546
							CS 30302_145 4891.492 Fe 1	2.85 -0.110	14.8 4.512
							CS 30302_145 4918.994 Fe 1	2.87 -0.340	5.2 4.255
							CS 30302_145 4920.503 Fe 1	2.83	0.070	16.6 4.372
							CS 30302_145 5232.940 Fe 1	2.94 -0.060	14.4 4.512
							CS 30302_145 5269.537 Fe 1	0.86 -1.320	40.5 4.548
							CS 30302_145 5328.039 Fe 1	0.92 -1.470	32.6 4.591
							CS 30302_145 5371.490 Fe 1	0.96 -1.650	24.4 4.622
							CS 30302_145 5397.128 Fe 1	0.92 -1.990	19.4 4.794
							CS 30302_145 5405.775 Fe 1	0.99 -1.840	11.5 4.435
							CS 30302_145 5429.697 Fe 1	0.96 -1.880	15.6 4.602
							CS 30302_145 5434.524 Fe 1	1.01 -2.120	11.2 4.718
							CS 30302_145 5446.917 Fe 1	0.99 -1.910	12.1 4.528
							CS 30302_145 5455.609 Fe 1	1.01 -2.090	10.8 4.669
							CS 30302_145 4233.172 Fe 2	2.58 -1.947	13.9 4.598
							CS 30302_145 5018.440 Fe 2	2.89 -1.345	28.0 4.616
							CS 30302_145 5169.033 Fe 2	2.89 -1.250	38.6 4.735
							CS 30302_145 3845.461 Co 1	0.92	0.010	13.2 2.593
							CS 30302_145 3995.302 Co 1	0.92 -0.220	7.9 2.542
							CS 30302_145 3807.138 Ni 1	0.42 -1.180	24.6 3.489
							CS 30302_145 3858.292 Ni 1	0.42 -0.970	40.7 3.610
							CS 30302_145 4077.709 Sr 2	0.00	0.167	syn -1.130
							CS 30344_070 6707.764 Li 1	0.00 -0.036	syn	2.220
							CS 30344_070 6707.915 Li 1	0.00 -0.337	syn	2.220
							CS 30344_070 5889.951 Na 1	0.00	0.108	syn	3.030
							CS 30344_070 5895.924 Na 1	0.00 -0.194	syn	2.990

.408 CS 30344_070 4187.039 Fe 1 2.45 -0.550 15.1 4.670 CS 30344_070 4187.795 Fe 1 2.42 -0.550 17.6 4.724 CS 30344_070 4191.431 Fe 1 2.47 -0.730 8.6 4.589 CS 30344_070 4199.095 Fe 1 3.05 0.250 11.4 4.252 CS 30344_070 4199.095 Fe 1 3.05 0.250 12.7 4.306 CS 30344_070 4202.029 Fe 1 1.48 -0.700 37.8 4.517 CS 30344_070 4227.427 Fe 1 3.33 0.230 9.7 4.432 CS 30344_070 4233.603 Fe 1 2.48 -0.600 9.9 4.532 CS 30344_070 4250.119 Fe 1 2.47 -0.400 16.3 4.572 CS 30344_070 4260.474 Fe 1 2.40 -0.020 37.6 4.631 CS 30344_070 4271.154 Fe

  

				HE 0148_2611 6707.764 Li 1	0.00 -0.036	syn	2.080
				HE 0148_2611 6707.915 Li 1	0.00 -0.337	syn	2.080
				HE 0148_2611 5889.951 Na 1	0.00	0.108	syn	2.390
				HE 0148_2611 3829.355 Mg 1	2.71 -0.207	syn	4.410
				HE 0148_2611 3832.304 Mg 1	2.71	0.146	syn	4.270
				HE 0148_2611 3838.290 Mg 1	2.72	0.415	syn	4.250
				HE 0148_2611 5172.684 Mg 1	2.71 -0.380	57.0 4.246
				HE 0148_2611 5183.604 Mg 1	2.72 -0.158	73.9 4.298
				HE 0148_2611 5528.405 Mg 1	4.34 -0.341	5.5 4.337
				HE 0148_2611 3944.006 Al 1	0.00 -0.640	syn	2.980
				HE 0148_2611 3961.520 Al 1	0.01 -0.340	syn	2.950
				HE 0148_2611 3905.523 Si 1	1.91 -1.090	43.3 4.168
				HE 0148_2611 4283.011 Ca 1	1.89 -0.220	6.1 3.700
				HE 0148_2611 4318.652 Ca 1	1.90 -0.210	5.5 3.650
				HE 0148_2611 4454.779 Ca 1	1.90	0.260	10.2 3.470
				HE 0148_2611 5588.749 Ca 1	2.52	0.210	6.5 3.870
				HE 0148_2611 3933.660 Ca 2	0.00 -1.580	syn	3.530
				HE 0148_2611 4246.822 Sc 2	0.31	0.240	13.1 -0.005
				HE 0148_2611 3759.296 Ti 2	0.61	0.270	63.3 1.955
				HE 0148_2611 3761.323 Ti 2	0.57	0.170	59.1 1.917
				HE 0148_2611 3913.468 Ti 2	1.12 -0.410	16.1 1.922
				HE 0148_2611 4300.049 Ti 2	1.18 -0.490	14.2 1.949
				HE 0148_2611 4395.033 Ti 2	1.08 -0.510	17.3 1.977
				HE 0148_2611 4443.794 Ti 2	1.08 -0.700	11.6 1.953
				HE 0148_2611 4468.507 Ti 2	1.13 -0.600	17.4 2.107
				HE 0148_2611 4501.273 Ti 2	1.12 -0.760	10.4 1.988
				HE 0148_2611 4254.332 Cr 1	0.00 -0.110	19.7 2.288
				HE 0148_2611 4274.796 Cr 1	0.00 -0.230	16.3 2.303
				HE 0148_2611 4289.716 Cr 1	0.00 -0.360	10.6 2.211
				HE 0148_2611 4030.753 Mn 1	0.00 -0.480	syn	1.300
				HE 0148_2611 4033.062 Mn 1	0.00 -0.620	syn	1.300
				HE 0148_2611 4034.483 Mn 1	0.00 -0.810	syn	1.300
				HE 0148_2611 3743.362 Fe 1	0.99 -0.790	37.5 4.173
				HE 0148_2611 3758.233 Fe 1	0.96 -0.030	63.8 4.021
				HE 0148_2611 3787.880 Fe 1	1.01 -0.860	33.3 4.121
				HE 0148_2611 3815.840 Fe 1	1.48	0.240	58.3 4.000
				HE 0148_2611 3820.425 Fe 1	0.86	0.120	79.4 4.121
				HE 0148_2611 3824.444 Fe 1	0.00 -1.360	57.6 4.233
				HE 0148_2611 3825.881 Fe 1	0.91 -0.040	66.7 3.977
				HE 0148_2611 3827.823 Fe 1	1.56	0.060	54.9 4.161
				HE 0148_2611 3849.967 Fe 1	1.01 -0.970	36.3 4.265
				HE 0148_2611 3850.818 Fe 1	0.99 -1.730	9.7 4.232
				HE 0148_2611 3856.372 Fe 1	0.05 -1.290	58.6 4.216
				HE 0148_2611 3859.911 Fe 1	0.00 -0.710	82.3 4.251
				HE 0148_2611 3865.523 Fe 1	1.01 -0.980	32.7 4.190
				HE 0148_2611 3878.018 Fe 1	0.96 -0.910	38.1 4.189
				HE 0148_2611 3878.573 Fe 1	0.09 -1.380	54.2 4.223
				HE 0148_2611 3899.707 Fe 1	0.09 -1.530	46.8 4.195
				HE 0148_2611 3920.258 Fe 1	0.12 -1.750	33.5 4.149
				HE 0148_2611 3922.912 Fe 1	0.05 -1.650	46.6 4.268
				HE 0148_2611 3997.392 Fe 1	2.73 -0.400	8.2 4.370
				HE 0148_2611 4005.242 Fe 1	1.56 -0.610	27.1 4.166
				HE 0148_2611 4045.812 Fe 1	1.48	0.280	67.3 4.102
				HE 0148_2611 4063.594 Fe 1	1.56	0.070	58.3 4.161
				HE 0148_2611 4071.738 Fe 1	1.61 -0.020	48.7 4.080
				HE 0148_2611 4132.058 Fe 1	1.61 -0.670	26.0 4.230
				HE 0148_2611 4143.868 Fe 1	1.56 -0.460	30.9 4.087
				HE 0148_2611 4181.755 Fe 1	2.83 -0.180	11.1 4.370
				HE 0148_2611 4187.039 Fe 1	2.45 -0.550	7.5 4.205
				HE 0148_2611 4187.795 Fe 1	2.42 -0.550	9.9 4.311
				HE 0148_2611 4191.431 Fe 1	2.47 -0.730	6.0 4
	1	2.45 -0.350	15.4 4.474	
	CS 30344_070 4271.761 Fe 1	1.48 -0.160	62.4 4.451	
	CS 30344_070 4282.403 Fe 1	2.17 -0.820	8.5 4.405	
	CS 30344_070 4325.762 Fe 1	1.61 -0.010	57.0 4.301	
	CS 30344_070 4375.930 Fe 1	0.00 -3.030	5.4 4.471	
	CS 30344_070 4383.545 Fe 1	1.48	0.200	82.8 4.542	
	CS 30344_070 4404.750 Fe 1	1.56 -0.140	64.7 4.536	
	CS 30344_070 4415.123 Fe 1	1.61 -0.610	40.2 4.570	
	CS 30344_070 4891.492 Fe 1	2.85 -0.110	16.2 4.575	
	CS 30344_070 4918.994 Fe 1	2.87 -0.340	7.2 4.423	
	CS 30344_070 4920.503 Fe 1	2.83	0.070	21.4 4.526	
	CS 30344_070 5232.940 Fe 1	2.94 -0.060	9.3 4.312	
	CS 30344_070 5269.537 Fe 1	0.86 -1.320	39.0 4.537	
	CS 30344_070 5328.039 Fe 1	0.92 -1.470	31.4 4.587	
	CS 30344_070 5371.490 Fe 1	0.96 -1.650	22.7 4.603	
	CS 30344_070 5397.128 Fe 1	0.92 -1.990	10.9 4.522	
	CS 30344_070 5405.775 Fe 1	0.99 -1.840	13.8 4.552	
	CS 30344_070 5429.697 Fe 1	0.96 -1.880	18.3 4.711	
	CS 30344_070 5455.609 Fe 1	1.01 -2.090	9.6 4.638	
	CS 30344_070 5615.644 Fe 1	3.33 -0.140	6.4 4.544	
	CS 30344_070 4233.172 Fe 2	2.58 -1.947	12.6 4.499	
	CS 30344_070 4923.927 Fe 2	2.89 -1.504	28.9 4.745	
	CS 30344_070 5018.440 Fe 2	2.89 -1.345	37.3 4.754	
	CS 30344_070 5169.033 Fe 2	2.89 -1.250	44.5 4.789	
	CS 30344_070 3807.138 Ni 1	0.42 -1.180	13.1 3.164	
	CS 30344_070 3858.292 Ni 1	0.42 -0.970	25.6 3.302	
	CS 30344_070 4077.709 Sr 2	0.00	0.167	syn -0.240	
	CS 30344_070 4215.519 Sr 2	0.00 -0.145	syn -0.090	
	CS 30344_070 4934.076 Ba 2	0.00 -0.150	syn -1.090	

.298 HE 0148_2611 4199.095 Fe 1 3.05 0.250 11.1 4.135 HE 0148_2611 4199.095 Fe 1 3.05 0.250 11.0 4.131 HE 0148_2611 4202.029 Fe 1 1.48 -0.700 28.8 4.201 HE 0148_2611 4233.603 Fe 1 2.48 -0.600 5.2 4.107 HE 0148_2611 4250.119 Fe 1 2.47 -0.400 10.3 4.221 HE 0148_2611 4260.474 Fe 1 2.40 -0.020 24.8 4.247 HE 0148_2611 4271.154 Fe 1 2.45 -0.350 15.3 4.351 HE 0148_2611 4271.761 Fe 1 1.48 -0.160 55.6 4.229 HE 0148_2611 4282.403 Fe 1 2.17 -0.820 8.2 4.259 HE 0148_2611 4325.762 Fe 1 1.61 -0.010 47.1 4.007 HE 0148_2611 4375.930 Fe

  

	Name	lambda Element	EP	loggf	EW	Abund	Name	lambda Element	EP	loggf	EW	Abund
	HE 1413_1954 5172.684 Mg 1	2.71 -0.402	65.7 4.494						
	HE 1413_1954 5183.604 Mg 1	2.72 -0.180	79.0 4.482						
	HE 1413_1954 3944.006 Al 1	0.00 -0.623	syn	3.160						
	HE 1413_1954 3961.520 Al 1	0.01 -0.323	syn	2.930						
	HE 1413_1954 3905.523 Si 1	1.91 -0.743	47.9 4.006						
	HE 1413_1954 4283.011 Ca 1	1.89 -0.220	11.5 3.480						
	HE 1413_1954 4318.652 Ca 1	1.90 -0.210	10.8 3.380						
	HE 1413_1954 4454.779 Ca 1	1.90	0.260	33.5 3.290						
	HE 1413_1954 3933.660 Ca 2	0.00 -1.580	syn	3.670						
	HE 1413_1954 4246.822 Sc 2	0.31	0.242	13.4 0.069						
	HE 1413_1954 3759.291 Ti 2	0.61	0.280	70.2 2.087						
	HE 1413_1954 3761.320 Ti 2	0.57	0.180	79.6 2.386						
	HE 1413_1954 3913.461 Ti 2	1.12 -0.420	28.7 2.293						
	HE 1413_1954 4300.042 Ti 2	1.18 -0.440	20.1 2.117						
	HE 1413_1954 4337.914 Ti 2	1.08 -0.960	19.3 2.523						
	HE 1413_1954 4395.031 Ti 2	1.08 -0.540	20.9 2.145						
	HE 1413_1954 4443.794 Ti 2	1.08 -0.720	12.3 2.043						
	HE 1413_1954 4468.507 Ti 2	1.13 -0.600	14.2 2.039						
	HE 1413_1954 4533.960 Ti 2	1.24 -0.530	18.3 2.190						
	HE 1413_1954 4571.968 Ti 2	1.57 -0.320	18.6 2.285						
	HE 1413_1954 3743.362 Fe 1	0.99 -0.785	38.5 4.328						
	HE 1413_1954 3758.233 Fe 1	0.96 -0.027	64.8 4.105						
	HE 1413_1954 3763.789 Fe 1	0.99 -0.238	57.5 4.158						
	HE 1413_1954 3767.192 Fe 1	1.01 -0.389	43.6 4.022						
	HE 1413_1954 3787.880 Fe 1	1.01 -0.859	33.1 4.253						
	HE 1413_1954 3815.840 Fe 1	1.49	0.237	60.2 4.116						
	HE 1413_1954 3820.425 Fe 1	0.86	0.119	83.8 4.259						
	HE 1413_1954 3824.444 Fe 1	0.00 -1.362	64.5 4.490						
	HE 1413_1954 3825.881 Fe 1	0.92 -0.037	70.0 4.105						
	HE 1413_1954 3827.822 Fe 1	1.56	0.062	52.5 4.181						
	HE 1413_1954 3840.437 Fe 1	0.99 -0.506	51.9 4.226						
	HE 1413_1954 3849.966 Fe 1	1.01 -0.871	38.1 4.331						
	HE 1413_1954 3856.371 Fe 1	0.05 -1.286	62.4 4.390						
	HE 1413_1954 3859.911 Fe 1	0.00 -0.710	81.0 4.238						
	HE 1413_1954 3865.523 Fe 1	1.01 -0.982	30.2 4.273						
	HE 1413_1954 3878.018 Fe 1	0.96 -0.914	31.5 4.183						
	HE 1413_1954 3878.573 Fe 1	0.09 -1.379	56.6 4.376						
	HE 1413_1954 3895.656 Fe 1	0.11 -1.670	35.0 4.251						
	HE 1413_1954 3899.707 Fe 1	0.09 -1.531	51.8 4.422						
	HE 1413_1954 3920.258 Fe 1	0.12 -1.746	38.3 4.397						
	HE 1413_1954 3922.912 Fe 1	0.05 -1.651	40.7 4.287						
	HE 1413_1954 4005.242 Fe 1	1.56 -0.610	29.9 4.351						
	HE 1413_1954 4045.812 Fe 1	1.49	0.280	65.5 4.107						
	HE 1413_1954 4063.594 Fe 1	1.56	0.062	49.0 4.049						
	HE 1413_1954 4071.738 Fe 1	1.61 -0.022	51.0 4.215						
	HE 1413_1954 4132.058 Fe 1	1.61 -0.675	21.0 4.235						
	HE 1413_1954 4143.868 Fe 1	1.56 -0.511	29.2 4.221						
	HE 1413_1954 4202.029 Fe 1	1.49 -0.708	22.8 4.200						
	HE 1413_1954 4260.474 Fe 1	2.40	0.109	16.8 4.012						
	HE 1413_1954 4271.153 Fe 1	2.45 -0.349	12.3 4.354						
	HE 1413_1954 4271.760 Fe 1	1.49 -0.164	56.2 4.327						
	HE 1413_1954 4325.762 Fe 1	1.61	0.006	59.5 4.327						
	HE 1413_1954 4383.545 Fe 1	1.49	0.200	64.0 4.111						
	HE 1413_1954 4404.750 Fe 1	1.56 -0.142	40.1 4.049						
	HE 1413_1954 4415.122 Fe 1	1.61 -0.615	19.8 4.119						
	HE 1413_1954 4920.502 Fe 1	2.83	0.068	21.8 4.536						
	HE 1413_1954 5269.537 Fe 1	0.86 -1.321	22.8 4.186						
	HE 1413_1954 5328.039 Fe 1	0.92 -1.466	24.1 4.410						
	HE 1413_1954 4582.835 Fe 2	2.84 -3.224	syn	4.330						
	HE 1413_1954 5018.440 Fe 2	2.89 -1.345	syn	4.080						
	HE 1413_1954 5169.033 Fe 2	2.89 -1.250	syn	4.280						
	HE 1413_1954 3807.138 Ni 1	0.42 -1.205	18.8 3						
								1	0.00 -3.030	5.4 4.279
							HE 0148_2611 4383.545 Fe 1	1.48	0.200	67.0 4.122
							HE 0148_2611 4404.750 Fe 1	1.56 -0.140	56.1 4.278
							HE 0148_2611 4415.123 Fe 1	1.61 -0.610	26.8 4.164
							HE 0148_2611 4891.492 Fe 1	2.85 -0.110	7.0 4.048
							HE 0148_2611 4918.994 Fe 1	2.87 -0.340	5.4 4.174
							HE 0148_2611 4920.503 Fe 1	2.83	0.070	19.1 4.353
							HE 0148_2611 5232.940 Fe 1	2.94 -0.060	5.5 3.951
							HE 0148_2611 5269.537 Fe 1	0.86 -1.320	29.6 4.194
							HE 0148_2611 5328.039 Fe 1	0.92 -1.470	22.8 4.233
							HE 0148_2611 5371.490 Fe 1	0.96 -1.650	13.9 4.176
							HE 0148_2611 5405.775 Fe 1	0.99 -1.840	9.6 4.206
							HE 0148_2611 5429.697 Fe 1	0.96 -1.880	7.0 4.066
							HE 0148_2611 5446.917 Fe 1	0.99 -1.910	7.8 4.174
							HE 0148_2611 4233.172 Fe 2	2.58 -1.947	10.4 4.430
							HE 0148_2611 4923.927 Fe 2	2.89 -1.504	16.8 4.470
							HE 0148_2611 5018.440 Fe 2	2.89 -1.345	22.2 4.463
							HE 0148_2611 3807.138 Ni 1	0.42 -1.180	8.2 2.762
							HE 0148_2611 3858.292 Ni 1	0.42 -0.970	16.5 2.890
							HE 0148_2611 4077.709 Sr 2	0.00	0.167	syn -1.760
							HE 0148_2611 4215.519 Sr 2	0.00 -0.145	syn -1.320
							HE 1413_1954 6707.764 Li 1	0.00 -0.036	syn	2.170
							HE 1413_1954 6707.915 Li 1	0.00 -0.337	syn	2.170
							HE 1413_1954 5889.951 Na 1	0.00	0.108	syn	2.580
							HE 1413_1954 5895.924 Na 1	0.00 -0.194	syn	2.690
							HE 1413_1954 3829.355 Mg 1	2.71 -0.231	syn	4.550
							HE 1413_1954 3832.304 Mg 1	2.71	0.146	syn	4.950
							HE 1413_1954 3838.290 Mg 1	2.72	0.415	syn	4.860

.378 HE 1413_1954 3858.292 Ni 1 0.42 -0.936 18.7 3.086 HE 1413_1954 4077.709 Sr 2 0.00 0.167 syn -0.950 HE 1413_1954 4215.519 Sr 2 0.00 -0.145 syn -0.940 HE 1413_1954 4554.029 Ba 2 0.00 0.170 syn -1.100

  

Table 4 .
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	-1	kms -1

1: Radial velocity derived in our study employing a cross-correlation function and the radial velocity provided by the Gaia EDR3 archive.

Table 4 .

 4 2: Coordinates, parallaxes, zero points and Gaia photometry for the program stars.

	Star	RA(J2016) DEC(J2016)	parallax	zero point	G	G BP	G RP
		deg	deg	mas		mag	mag	mag
	TYC 622-742-1	27.60±0.01	8.24±0.01	0.17±0.02	-0.032	11.00 11.77 10.14
	TYC 1193-1918-1 10.20±0.01 20.87±0.01 0.57±0.02	-0.035	10.32 10.86 9.63

Table 4 .

 4 3: Deduction of parameters for different zero point for the TYC 622-742-1 star. Where the initials p, sp and zp refer to parallax, parallax error and zero point respectively.

	1

Table 4.4: Same as Table 4.3 but for star TYC 1193-1918-1.

Table 4 .

 4 .5.

	Star	E(B -V) G 0 abs (G BP -G RP ) 0
			mag	
	TYC 622-742-1	0.0820	-2.660	1.533
	TYC 1193-1918-1	0.0244	-0.816	1.204

5: E(B -V) is retrieved from the maps by

Table 4 .

 4 7: Deduction of parameters for different masses for the TYC 622-742-1 star.

	NLT E

Table 4

 4 

	star	TYC 622-742-1 TYC 1193-1918-1
	ξ Mashonkina et al. (2017) [kms -1 ]	2.07	1.74
	ξ Monaco et al. (2005) [kms -1 ]	2.04	1.71
	ξ Dutra-Ferreira et al. (2016) [kms -1 ]	1.94	1.51
	ξ MyGIsFOS [kms -1 ]	2.02±0.06	1.52±0.03

.8: Deduction of microturbulence.

E 1 Observation log V Observation date Observation time

  

					Exp.	
					time	S/N @
	Object	mag	yyyy-mm-dd	UT	s	480 nm
	TYC 622-742-1	11.54	2019 September 13	13:04	600	200
	TYC 1193-1918-1	10.70	2019 September 13	12:47	600	250
						observes
			also with an intermediate-band filter (about 40 nm
			Full Width Half Maximum [FWHM]) centered on
			the Ca ii-H and -K lines. Several metal-poor can-
			didates selected from the SkyMapper Survey (Wolf
			et al. 2018) have been confirmed from high-resolution
			spectroscopy to be extremely metal-poor stars (see e.g.,
			Jacobson et al. 2015).		
			2. The Pristine survey (Starkenburg et al. 2017) is a photo-
			metric campaign observing with a narrow-band (about
			20 nm FWHM) filter centered at the Ca ii-H and -K
			lines. It is a very efficient project, allowing to select
			metal-poor candidates whose low-metallicity has been
			confirmed on high-resolution spectroscopy (see e.g.,
			Starkenburg et al. 2018).		
			3. The S-plus survey (Mendes de Oliveira et al. 2019) uses
			several wide bands and narrow bands, among which
			J0395, centered on the Ca ii-H and -K lines and has
			been successfully used to select metal-poor candidates
			(Placco et al. 2021; Monaco et al., in preparation; Whit-
			ten et al. 2021).		
			4. The J-plus survey uses a similar telescope and filter
			set as S-plus (Cenarro et al. 2019) and has also been
			able to select some metal-poor stars (Andrés Galarza
			et al. 2021).		

(iii)

Schlaufman & Casey (2014) 

used the photometric data from AAVSO Photometric All Sky Survey (Henden et al. 2009), Two Micron All-Sky Survey (2MASS), TA B L

Table 3 shows

 3 

	Parallax (p)	0.1693	0.5726
	𝜎 p	0.0153	0.0156
	p zero-point	-0.032	-0.035
	pmRA	13.496	13.142
	pmDec	-4.5610	-46.7576
	Gmag	10.996	10.323
	G BP	11.765	10.859
	G RP	10.142	9.626
	V r [km/s]	-114.0	-364.3
	𝜎V r [km/s]	0.4	0.3

1 IRAF is distributed by the National Optical Astronomy Observatories, which is operated by the Association of Universities for Research in Astronomy, Inc. under cooperative agreement with the National Science Foundation. F I G U R E 1 The two spectra are here shown in the range of the Eu ii line TA B L E 2 Gaia eDR3 data TYC 622-742-1 TYC 1193-1918-1 RA 01:50:23.07 00:40:48.26 Dec +08:14.31.7 +20:52:17.5

  Abundance ratio of the elements

			TYC 622-742-1			TYC 1193-1918-1	
	Element	Sun A(X)	A(X) LTE	𝝈(X)	N(X)	A(X) NLTE	A(X) LTE	𝝈(X)	N(X)
	C	8.50	5.05	0.30	G-band		6.46	0.20	G-band
	N	7.86	6.90	0.50	CN		6.84	0.40	CN
	O i	8.76	7.25	0.13	2	7.25	7.75	0.14	7.75
	Na i	6.30	3.83	0.01	2	3.83	4.52	0.10	4.52
	Mg i	7.54	5.80	0.12	3	5.81	6.36	0.10	6.33
	Al i	6.47					4.93	0.14	4.93
	Si i	7.52	5.62	0.10	12	5.64	6.19	0.10	6.17
	Ca i	6.33	4.35	0.10	21	4.49	5.17	0.08	5.22
	Sc ii	3.10	1.16	0.16	10		1.91	0.08	
	Ti i	4.90	2.80	0.08	56		3.58	0.07	
	Ti ii	4.90	3.07	0.15	31	3.08	3.80	0.14	3.80
	V i	4.00	1.56	0.11	15		2.34	0.08	
	Cr i	5.64	3.16	0.10	17	3.46	4.00	0.08	4.21
	Cr ii	5.64	3.42	0.07	6		4.15	0.09	
	Mn i	5.37	2.64	0.09	14	3.03	3.47	0.09	3.78
	Fe i	7.52	5.15	0.10	254	5.25	5.92	0.10	5.98
	Fe ii	7.52	5.32	0.15	27	5.32	6.03	0.14	6.03
	Co i	4.92	2.63	0.10	16	3.04	3.33	0.12	3.62
	Ni i	6.23	3.85	0.12	52		4.60	0.13	
	Cu i	4.21	1.29	0.08	3		2.08	0.12	
	Zn i	4.62	2.20	0.16	1		3.08	0.03	
	Sr ii	2.92	0.70	0.16	1	0.80	1.25	0.14	1.25
	Y ii	2.21	-0.27	0.05	9		0.39	0.05	
	Zr i	2.62	0.60	0.16	1		1.00	0.14	
	Zr ii	2.62	0.50	0.07	3		1.20	0.08	
	Ba ii	2.17	-0.08	0.02	3	-0.23	0.60	0.04	0.44
	La ii	1.14	-0.84	0.05	11		-0.34	0.04	
	Ce ii	1.61	-0.58	0.05	6		-0.03	0.07	
	Pr ii	0.76	-0.95	0.08	4		-0.62	0.06	
	Nd ii	1.45	-0.46	0.05	29		0.04	0.07	
	Sm ii	1.00	-0.78	0.04	9		-0.29	0.06	
	Eu ii	0.52	-1.00	0.16	1	-0.90	-0.50	0.14	-0.40

TA B L E 6

622-742-1 TYC 1193-1918-1

  

	Element	NLTE correction	NLTE correction	References
	O i	0.00	0.00	Sitnova et al. (2013)
	Na i	0.00	0.00	Takeda et al. (2003)
	Mg i	0.01	-0.03	Bergemann et al. (2017)
	Al i		0.00	Nordlander & Lind (2017)
	Si i	0.02	-0.02	Bergemann et al. (2013)
	Ca i	0.14	0.05	Mashonkina et al. (2016)
	Ti i	0.37	0.14	Mashonkina et al. (2016)
	Ti ii	0.01	0.00	Mashonkina et al. (2016)
	Cr i	0.30	0.21	Bergemann et al. (2010)
	Mn i	0.39	0.31	Bergemann & Gehren (2008)
	Fe i	0.10	0.06	Mashonkina et al. (2016)
	Fe ii	0.00	0.00	Mashonkina et al. (2016)
	Co i	0.41	0.32	Bergemann et al. (2010)
	Cu i	0.50	0.50	Andrievsky et al. (2018)
	Sr ii	0.10		Andrievsky et al. (2011)
	Ba ii	-0.15	-0.16	Korotin et al. (2015)

TA B L E 7 NLTE corrections applied to the two stars in the sample TYC
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	), with [Ba/Fe] = -0.05,
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Table 1 .

 1 continued.

	Star	RA	Dec	G	T eff log g	ξ	[Fe/H]
		J2000	J2000	mag	K [cgs] kms -1 dex
	GHS64 22:19:10.14 -45:09:24.6 14.49 5664 3.17	1.	

Table 2 .

 2 Solar abundances.

	14.29 6478 3.74	1.5	-1.59

  . All remaining symbols are from Venn et al. (2004): open magenta diamonds, Sex dSph; brown triangles Leo dSph; yellow plus signs, Umi dSph; open cyan stars, Dra dSph.

	Fig. 16. [Ba/Mg] vs. age for Sculptor, Fornax, and Milky Way stars with
	[Fe/H] < -0.3, from Skúladóttir et al. (2019), compared with our high-
	speed stars. The latter seem very consistent with MW stars, but not with
	Sculptor or Fornax.
	r-normal stars. Skúladóttir et al. (2019) have shown that the
	growth of [Y/Mg] and [Ba/Mg] as a function of age are clearly
	different among different galaxies and among samples of Milky
	Way stars in different metallicity bins. In Fig. 16 our [Ba/Mg]
	results for bins in ages are compared to the curves for different
	galaxies by

Table 5

 5 

		.1: Log of the observations		
	Star	Obs. date	UT	HJD	S/N500 nm
	Pristine 014.0757+28.4964 2018/08/14 03:21:18 2458344.64381 3600	28
		2018/08/16 03:02:45 2458346.63108 3600	
	Pristine 181.8054+03.2513 2018/01/29 04:03:02 2458147.67214 3540	9
	Pristine 183.1112+16.3604 2018/04/14 21:36:49 2458223.40515 3600	37
	Pristine 190.0628+09.4372 2018/01/29 05:13:25 2458147.72020 3540	6
	Pristine 195.1494+06.5655 2018/04/13 23:20:42 2458222.47812 3600	34
	Pristine 205.9276+01.2366 2018/04/14 22:43:28 2458223.45252 3600	10
	Pristine 219.0145+11.6057 2018/04/15 01:27:22 2458223.56564 3600	
	Pristine 230.2649+00.9137 2018/05/17 00:32:00 2458255.52771 3600	
	Pristine 232.8856+07.8678 2018/04/18 01:49:59 2458226.58112 3600	
	Pristine 234.0337+12.6370 2018/04/15 02:33:57 2458223.61124 3600	34
	Pristine 235.0277+07.5059 2018/04/18 02:57:16 2458226.62777 3600	10
	Pristine 235.0537+07.5988 2018/04/19 00:58:30 2458227.54532 3600	14
	Pristine 236.4718+15.3327 2018/05/10 23:48:55 2458249.49720 3600	11
	Pristine 236.7635+05.4474 2018/05/19 02:05:52 2458227.59213 3600	18
	Pristine 246.4405+15.0899 2018/06/16 00:44:23 2458285.53572 3600	26
		2018/06/16 24:25:49 2458286.52281 3600	

Table 5 .

 5 2: Program star coordinates and atmospheric parameters.

	Star	RA	DEC	G	Vrad	[Fe/H]phot	[Fe/H]spec	comment
		hms	dms	mag	km/s	dex	dex	
	Pristine 014.0757+28.4964	00:56:18.19	+28:29:48.0	13.2	-182.8±0.4	-2.942	-3.03	
	Pristine 181.8054+03.2513	12:07:13.30	+03:15:04.9	14.3	-38.9±0.6	-2.931	-1.77	
	Pristine 183.1112+16.3604	12:12:26.81	+16:21:37.5	12.5	-54.0±0.4	-3.783	-0.35	
		12:40:15.08	+09:26:14.0	14.6	138.9±0.5	-3.460		low S/N spectra
	Pristine 195.1494+06.5655	13:00:35.82	+06:33:56.0	12.1	352.5±0.3	-2.664	-2.43	
	Pristine 205.9276+01.2366	13:43:42.62	+01:14:12.1	14.1	110.4±0.7	-2.963	-2.04	
	Pristine 219.0145+11.6057	14:36:03.46	+11:36:20.4	13.9	-1.3±0.5	-1.862	-0.87	
	Pristine 230.2649+00.9137	15:21:03.59	+00:54:49.3	12.0		-2.470		binary star
	Pristine 232.8856+07.8678	15:31:32.54	+07:52:04.4	12.8	-80.4±1.0	-2.927	-0.95	
	Pristine 234.0337+12.6370	15:36:08.10	+12:38:13.1	12.9	-170.6±0.8	-2.760	-2.38	
	Pristine 235.0277+07.5059	15:40:06.65	+07:30:21.3	13.6	65.2±0.5	-2.373	-1.64	
	Pristine 235.0537+07.5988	15:40:12.89	+07:35:55.7	13.5	-125.2±0.8	-3.349	-2.00	
	Pristine 236.4718+15.3327	15:45:53.24	+15:19:57.9	14.1	-141.4±0.6	-2.198	-1.70	
	Pristine 236.7635+05.4474	15:47:03.25	+05:26:50.6	13.0	-214.0±0.7	-2.651	-2.17	
	Pristine 246.4405+15.0899	16:25:45.74	+15:05:23.9	13.6	107.4±0.6	-2.377	-1.06	

Table 5 .

 5 3: Program star atmospheric parameters.

	Star	Teff [K] log(g) [cgs] [Fe/H] [dex] micro turb [km/s]
	Sun	5778			
	Pristine 014.0757+28.4964	5692	3.53	-3.03	1.5
	Pristine 181.8054+03.2513	5457	3.01	-1.77	1.5
	Pristine 183.1112+16.3604	5700	4.47	-0.35	1.5
	Pristine 190.0628+09.4372	6540	4.35		1.5
	Pristine 195.1494+06.5655	5326	2.66	-2.43	1.5
	Pristine 205.9276+01.2366	5763	4.80	-2.04	1.5
	Pristine 219.0145+11.6057	7000	4.04	-0.87	1.5
	Pristine 230.2649+00.9137	6215	4.31		
	Pristine 232.8856+07.8678	7000	3.89	-0.95	1.5
	Pristine 234.0337+12.6370	6700	4.20	-2.38	1.5
	Pristine 235.0277+07.5059	6478	2.72	-1.64	1.5
	Pristine 235.0537+07.5988	6643	4.33	-2.00	1.5
	Pristine 236.4718+15.3327	6512	4.41	-1.70	1.5
	Pristine 236.7635+05.4474	5378	2.93	-2.17	1.5
	Pristine 246.4405+15.0899	6206	2.71	-1.06	1.5

Table 5 .

 5 4:The solar values of C, and Fe are provided byCaffau et al. (2011) when available, for the other elements those byLodders et al. (2009).

	Element	C	Na Mg	Al	Si	S	Ca	Sc	Ti	V	Cr
	Abundance 8.50 6.30 7.54 6.47 7.52 7.16 6.33 3.10 4.90 4.00 5.64
	Element	Mn	Fe	Co	Ni	Cu	Zn	Sr	Y	Zr	Ba
	Abundance 5.37 7.52 4.92 6.23 4.21 4.62 2.92 2.21 2.62 2.17

Table 1 .

 1 Literature data for our targets.

	Star	SIMBAD ID	V rad	V rad	δV rad	Ref. V rad	T eff	log g [Fe/H]	Ref.
			(kms -1 )	(kms -1 )	kms -1		(K)	(cgs) (dex) atm. par.
			our	literature					
	Pristine 218.1282+09.1135	SDSS J143230.77+090648.5	-215	-235	2	SDSS DR15 (A) 5456	2.80 -2.62	(T)
	Pristine 242.4476+16.9021	SDSS J160947.42+165407.4	+62	+26	2	SDSS DR15 (A) 5298	2.49 -2.56	(T)
	Pristine 254.4746+11.3806	TYC 983-1782-1	-250	-230.52	1.16	Gaia DR2 (G) 4932		(G)
	Pristine 151.6456+15.9545	SDSS J100634.93+155716.1	+82	70.					

Table 2 .

 2 Solar abundances.

	Element	A(X)	Reference
	C	8.50	Caffau et al. (2010)
	N	7.86	Caffau et al. (2010)
	Mg	7.54	Lodders, Palme & Gail (2009)
	Ca	6.33	Lodders et al. (2009)
	Ti	4.90	Lodders et al. (2009)
	Cr	5.64	Lodders et al. (2009)
	Fe	7.52	Caffau et al. (2010)
	Ni	6.23	Lodders et al. (2009)
	Sr	2.92	Lodders et al. (2009)
	Ba	2.17	Lodders et al. (2009)

Table 3 .

 3 Stellar parameters.

	Star	RA	Dec.	T eff	log g	ξ	[Fe/H] phot	[Fe/H]	[Ca/H] CaK	V rad	δV st	δV sy
		J2000	J2000	(K)	(cgs)	(kms -1 )	(dex)	(dex)	(dex)		(kms -1 )	
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	Pristine 236.1350+07.9341	15:44:32.41	07:56:02.6	5945	4.27 ± 0.20	1.00	+0.28	-0.17 ± 0.30 -0.08 ± 0.30	-129	3	
	Pristine 236.2417+07.1782	15:44:57.99	07:10:41.5	5601	3.62 ± 0.27	1.50	-1.81	-2.45 ± 0.45 -2.05 ± 0.20	-168	6	
	Pristine 236.8164+14.3400	15:47:15.93	14:20:24.0	5566	3.48 ± 0.26	1.50	-2.51	-2.97 ± 0.43 -2.47 ± 0.20	-77	5	
	Pristine 237.1666+04.0968	15:48:39.99	04:05:48.3	4801	1.54 ± 0.26	2.00	-2.93	-2.83 ± 0.21 -2.46 ± 0.20	-191	4	
	Pristine 238.6700+05.8295	15:54:40.80	05:49:46.3	5051	1.83 ± 0.20	2.00	-2.93	-2.27 ± 0.19 -2.43 ± 0.20	+29	4	
	Pristine 239.5168+06.8645	15:58:04.04	06:51:52.1	5686	4.04 ± 0.02	1.00	-3.95	+0.22 ± 0.23	0.19 ± 0.30	-13	2	
	MNRAS 493, 4677-4691 (2020)										
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	Star	RA	Dec.	T eff	log g	ξ	[Fe/H] phot	[Fe/H]	[Ca/H] CaK	V rad	δV st	δV sy
		J2000	J2000	(K)	(cgs)	(kms -1 )	(dex)	(dex)	(dex)		(kms -1 )	
	Pristine 241.1613+16.3672	16:04:38.70	16:22:01.8	5729	3.86 ± 0.21	1.50	-3.10	-1.36 ± 0.27 -1.29 ± 0.20	-123	3	
	Pristine 241.4951+12.2706	16:05:58.83	12:16:14.5	5604	3.58 ± 0.26	1.50	-1.68	-2.55 ± 0.27 -2.07 ± 0.20	-16	5	
	Pristine 241.5968+04.5933	16:06:23.23	04:35:35.9	4910	1.41 ± 0.26	2.00	-2.38	-2.24 ± 0.19 -1.93 ± 0.20	-193	4	
	Pristine 241.9145+09.8595	16:07:39.48	09:51:34.4	4687	0.97 ± 0.27	2.00	-2.43	-2.20 ± 0.22 -1.94 ± 0.20	+65	3	
	Pristine 242.0410+15.8022	16:08:09.84	15:48:07.8	4874	1.63 ± 0.22	2.00	-2.59	-3.07 ± 0.19 -2.66 ± 0.20	-278	5	
	Pristine 242.1683+11.6600	16:08:40.39	11:39:35.9	4841	1.59 ± 0.28	2.00	-2.41	-2.42 ± 0.18 -2.11 ± 0.20	-160	4	
	Pristine 242.4016+05.8580	16:09:36.38	05:51:28.8	5264	2.72 ± 0.12	1.80	-2.76	-2.83 ± 0.18 -2.37 ± 0.20	-136	5	
	Pristine 242.4481+17.4384	16:09:47.54	17:26:18.1	4895	1.42 ± 0.21	2.00	-2.33	-2.36 ± 0.19 -2.15 ± 0.20	-112	4	
	Pristine 242.4476+16.9021	16:09:47.42	16:54:07.3	5017	2.13 ± 0.30	1.80	-2.33	-2.81 ± 0.20 -2.40 ± 0.20	+62	5	
	Pristine 242.9404+11.7356	16:11:45.69	11:44:08.0	4460	0.90 ± 0.23	2.00	-2.34	-2.39 ± 0.20 -2.14 ± 0.20	-52	3	
	Pristine 243.2008+06.8892	16:12:48.18	06:53:21.2	5683	4.61 ± 0.09	1.00	+0.50	-0.06 ± 0.35	0.05 ± 0.20	+18	2	
	Pristine 243.5457+12.5189	16:14:10.98	12:31:07.9	6179	4.45 ± 0.16	1.50	+0.43	-0.37 ± 0.30 -0.28 ± 0.20	+34	3	
	Pristine 243.8922+04.8666	16:15:34.12	04:51:59.8	5601	3.90 ± 0.02	1.50	-2.65	-0.99 ± 0.16 -0.95 ± 0.20	-20	3	
	Pristine 244.7163+09.2647	16:18:51.91	09:15:52.9	5325	4.39 ± 0.32	1.00		-0.71 ± 0.23		-5	3	6
	Pristine 245.0350+07.0160	16:20:08.40	07:00:57.7	4858	1.51 ± 0.18	2.00	-2.33	-2.65 ± 0.29 -2.35 ± 0.20	-12	4	
	Pristine 245.9038+05.9390	16:23:36.94	05:56:20.6	6390	4.03 ± 0.24	1.50	-0.74	-1.17 ± 0.35 -1.05 ± 0.20	-82	4	
	Pristine 246.0821+09.9611	16:24:19.70	09:57:39.8	5956	4.10 ± 0.24	1.00	-2.47	-2.32 ± 0.30 -2.26 ± 0.20	-33	5	
	Pristine 247.3535+10.1964	16:29:24.84	10:11:46.8	5175	2.19 ± 0.27	1.80	-2.54	-2.79 ± 0.34 -2.76 ± 0.20	+45	5	
	Pristine 247.3761+16.8149	16:29:30.25	16:48:53.7	5516	2.75 ± 0.10	1.80	-2.48	-3.43 ± 0.35 -2.83 ± 0.20	-299	6	
	Pristine 247.6492+09.8880	16:30:35.81	09:53:16.8	4861	1.35 ± 0.20	2.00	-2.96	-2.67 ± 0.20 -2.42 ± 0.20	+119	4	
	Pristine 248.3014+09.7034	16:33:12.31	09:42:12.3	6684	4.26 ± 0.18	1.50	-0.99	-2.07 ± 0.52 -1.54 ± 0.20	-29	5	
	Pristine 248.8084+17.4032	16:35:14.01	17:24:11.6	4863	1.48 ± 0.13	2.00	-2.59	-1.76 ± 0.19 -1.74 ± 0.20	-64	4	
	Pristine 249.1867+05.9980	16:36:44.81	05:59:52.8	6178	3.31 ± 0.36	1.50	-1.19	-2.09 ± 0.44 -1.48 ± 0.20	-67	10	
	Pristine 249.6131+05.3269	16:38:27.17	05:19:37.6	5303	2.91 ± 0.15	1.80	-2.64	-1.98 ± 0.17 -1.69 ± 0.20	-257	4	
	Pristine 250.2762+09.2517	16:41:06.30	09:15:06.1	5704	3.74 ± 0.26	1.50	-2.47	-2.63 ± 0.26 -2.56 ± 0.20	+70	5	
	Pristine 251.2012+16.7235	16:44:48.28	16:43:24.7	4801	1.48 ± 0.29	2.00	-2.42	-2.61 ± 0.20 -2.22 ± 0.20	-366	4	
	Pristine 251.2069+14.7890	16:44:49.67	14:47:20.4	5612	2.56 ± 0.74	1.80	-1.23	-1.90 ± 0.30 -1.26 ± 0.20	-252	5	
	Pristine 252.3631+13.2237	16:49:27.13	13:13:25.3	4886	1.33 ± 0.24	2.00	-2.59	-2.67 ± 0.27 -2.40 ± 0.20	-18	4	
	Pristine 252.4992+05.4959	16:49:59.81	05:29:45.0	4851	1.48 ± 0.15	2.00	-2.36	-2.55 ± 0.20 -2.17 ± 0.20	-310	4	
	Pristine 252.6959+09.4020	16:50:47.01	09:24:07.0	4761	1.69 ± 0.19	2.00	-2.33	-2.62 ± 0.21 -2.15 ± 0.20	-106	4	
	Pristine 253.5853+16.2970	16:54:20.46	16:17:49.1	4582	1.02 ± 0.23	2.00	-3.00	-3.02 ± 0.21 -2.57 ± 0.20	+175	4	
	Pristine 254.4746+11.3806	16:57:53.90	11:22:50.0	4818	1.85 ± 0.08	2.00	-2.61	-3.08 ± 0.17 -2.58 ± 0.20	-230	5	
	Pristine 254.5655+13.1590	16:58:15.71	13:09:32.4	5105	3.07 ± 0.24	1.50	-2.57	-2.78 ± 0.34 -2.61 ± 0.20	-162	5	
	Pristine 254.7635+17.2190	16:59:03.22	17:13:08.4	5297	2.89 ± 0.30	1.80	-2.57	-3.43 ± 0.42 -2.94 ± 0.20	-149	6	
	Pristine 254.8233+12.6074	16:59:17.57	12:36:26.6	5793	3.59 ± 0.04	1.50	-2.59	-3.12 ± 0.20 -2.84 ± 0.20	+13	6	
	Pristine 134.5085+15.3492	08:58:02.02	15:20:57.3	6493	4.52 ± 1.00	1.50		-2.21 ± 0.40 -1.71 ± 0.30	-21	6	
	Pristine 134.8974+18.1561 a	08:59:35.40	18:09:22.1	5624	2.77 ± 1.45	1.80	-2.40	-3.37 ± 0.20 -2.87 ± 0.30	-73	6	
	Pristine 185.3534+06.6021	12:21:24.81	06:36:07.8	6641	4.15 ± 0.35	1.50	-1.70	-1.54 ± 0.40 -1.31 ± 0.20	+47	6	
	Pristine 189.9859+09.1684	12:39:56.61	09:10:06.5	6593	4.38 ± 0.17	1.50	-0.80	-2.00 ± 0.30 -1.59 ± 0.20	+80	5	
	Pristine 193.4392+06.2295	12:53:45.41	06:13:46.2	6320	4.14 ± 0.38	1.50	-1.54	-2.32 ± 0.20 -1.89 ± 0.20	-43	6	
	Pristine 218.7940+09.2376	14:35:10.55	09:14:15.4	5742	3.45 ± 0.27	1.50	-2.46	-2.33 ± 0.25 -2.18 ± 0.30	+313	6	
	Pristine 220.7009+13.1405	14:42:48.20	13:08:25.6	5639	1.44 ± 2.00	2.00	-1.89	-3.08 ± 0.20 -2.71 ± 0.30	-68	7	
	Pristine 225.4126+06.9134	15:01:39.05	06:54:48.3	6845	4.52 ± 0.26	1.50	-1.12	-1.86 ± 0.30 -1.66 ± 0.30	-19	6	
	Pristine 228.1376+12.2612	15:12:33.02	12:15:40.2	5447	3.29 ± 0.48	1.50	-2.03	-3.00 ± 0.40 -2.72 ± 0.30	-136	5	
	Pristine 233.5160+15.9466	15:34:03.86	15:56:48.1	6616	3.89 ± 0.55	1.50	-1.33	-2.28 ± 0.20 -1.77 ± 0.20	-51	6	
	Pristine 238.7984+13.4432	15:55:11.61	13:26:35.7	5245	2.77 ± 0.85	1.80	-1.87	-3.02 ± 0.40 -2.61 ± 0.30	-60	5	
	Pristine 239.0673+04.4411	15:56:16.20	04:26:27.7	5815	4.65 ± 0.09	1.00	-1.97	-3.80 ± 0.40 -3.33 ± 0.30	-73	6	
	Pristine 240.8121+07.2526	16:03:14.90	07:15:09.5	6485	4.03 ± 0.25	1.50	-1.35	-1.50 ± 0.20 -1.40 ± 0.30	+0	5	5
	Pristine 242.4202+17.8114	16:09:40.84	17:48:41.0	5929	3.08 ± 0.64	1.50	-1.32	-2.00 ± 0.40 -1.97 ± 0.40	+117	5	
	Pristine 246.4552+14.2016	16:25:49.26	14:12:05.9	6471	4.20 ± 0.19	1.50	-1.22	-2.38 ± 0.40 -2.09 ± 0.30	-20	8	
	Pristine 247.2527+05.6626	16:29:00.64	05:39:45.4	5661	3.18 ± 0.61	1.50	-1.72	-2.77 ± 0.40 -2.20 ± 0.50	+54	6	
	Pristine 247.9296+17.6603	16:31:43.10	17:39:37.0	5127	2.08 ± 0.17	1.80	-2.64	-2.87 ± 0.30 -2.49 ± 0.30	+41	3	
	Pristine 250.2948+14.9801	16:41:10.76	14:58:48.5	6638	3.89 ± 0.31	1.50	-1.18	-2.67 ± 0.30 -2.37 ± 0.30	-45	8	
	Pristine 253.2195+11.3874	16:52:52.70	11:23:14.6	6434	3.92 ± 0.32	1.50	-1.53	-3.00 ± 0.30 -2.58 ± 0.30	-81	5	
	Pristine 255.8743+11.3281	17:03:29.83	11:19:41.3	5385	2.66 ± 0.88	1.80	-2.09	-2.60 ± 0.30 -2.41 ± 0.30	+72	6	
	Pristine 140.1321+16.4130 a	09:20:31.71	16:24:46.7	6404	3.14 ± 0.70	1.50	-2.34		-1.70 ± 0.30	+133	6	
	Pristine 140.6414+16.7636 a	09:22:33.93	16:45:49.2	6388	4.34 ± 0.24	1.50	-3.33		-1.90 ± 0.30	+77	5	
	Pristine 149.7205+15.3115	09:58:52.91	15:18:42.0	6377	4.81 ± 0.18	1.50	-2.44		-2.64 ± 0.30	-57	6	
	Pristine 151.6456+15.9545	10:06:34.93	15:57:16.2	5058	2.91 ± 1.00	1.80	-3.26		-2.84 ± 0.40	+82	5	
	Pristine 183.0629+00.4536	12:12:15.08	00:27:13.3	6548	4.68 ± 0.17	1.50	-1.45		-1.78 ± 0.30	-7	6	3
	Pristine 184.2955+02.2702	12:17:10.92	02:16:12.6	5713	2.27 ± 1.00	1.80	-1.87		-2.51 ± 0.30	+139	10	
	Pristine 202.9418+11.5464	13:31:46.03	11:32:47.2	6310	3.40 ± 0.71	1.50	-1.23		-2.47 ± 0.30	+45	6	
	Pristine 205.9426+13.4095	13:43:46.23	13:24:34.4	5506	2.86 ± 0.82	1.80	-1.59		-2.60 ± 0.40	+83	5	

Table 3 -

 3 continued

	Star	RA	Dec.	T eff	log g	ξ	[Fe/H] phot	[Fe/H]	[Ca/H] CaK	V rad	δV st	δV sy
		J2000	J2000	(K)	(cgs)	(kms -1 )	(dex)	(dex)	(dex)		(kms -1 )	
	Pristine 208.0555+08.8014	13:52:13.32	08:48:05.0	5444	1.67 ± 2.00	2.00	-2.09		-2.66 ± 0.20	+143	5	61
	Pristine 243.8528+06.6345	16:15:24.67	06:38:04.0	4886	1.70 ± 1.20	2.00	-3.19		-0.65 ± 0.40	-5	2	4 9
	Pristine 181.9215+09.7465	12:07:41.17	09:44:47.4	6286	1.42 ± 1.70	2.00	-0.87					
	Pristine 231.3300+03.2701	15:25:19.20	03:16:12.5	4757	3.66 ± 1.00	1.50						
	Pristine 133.9563+15.8948	08:55:49.52	15:53:41.4	5815	2.29 ± 1.00	1.80	-2.80					
	Pristine 186.9046+12.4967	12:27:37.11	12:29:48.5	6504	4.06 ± 0.35	1.50	-2.63					
	Pristine 241.0593+07.7943	16:04:14.27	07:47:39.1	6719	4.36 ± 0.16	1.50	-1.08					
	Pristine 250.0644+17.2451	16:40:15.47	17:14:42.2	6312	3.70 ± 0.37	1.50	-0.53					
	Pristine 250.4673+15.1604	16:41:52.14	15:09:37.5	6569	4.21 ± 0.16	1.50	-1.63					
	Note: a Weak H-line EWs.											

  These stars are Pristine 254.8233 + 12.6074, Pristine 253.2195 + 11.3874, and Pristine 239.0673 + 04.4411. Pristine 239.0673 + 04.4411 is the most MP star in the sample ([Fe/H] = -3.8 with [Ca Fe] = 0.47) and also the star that remains closer to the MW plane, z max = 1.46 +0.81 -0.58 ; it is moving with a prograde motion with an intermediate eccentricity, = 0.53 +0.09 -0.11 . The other two stars, Pristine 254.8233 + 12.6074 and Pristine 253.2195 + 11.3874, have a metallicity in the EMP regime, and have respectively a retrograde and a prograde orbit. Pristine 254.8233 + 12.6074 is the most α-poor among these three stars. As demonstrated by the simulations of Jean-Baptiste et al.

Table 1 .

 1 1 http://www.cfht.hawaii.edu/Instruments/Upena/ 2 https://www.eso.org/sci/software/esomidas/ Article number, page 2 of 15 Linda Lombardo et al.: Young giants of intermediate mass Log of the observations.

	Star	date	MJD	Instrument	exposure time	v rad err v rad S/N at nm
					s	km s -1 km s -1
	HD 191066	2019-09-13 58739.812 SOPHIE@OHP1.93m	344	-9.350	0.002	60
	HD 192045	2019-09-13 58739.821 SOPHIE@OHP1.93m	3600	-4.834	0.077
	HD 191066	2019-09-13 58739.867 SOPHIE@OHP1.93m	3600	-9.348	0.001
	HD 205732	2019-09-13 58739.912 SOPHIE@OHP1.93m	3600	-3.971	0.001
	HD 213036	2019-09-13 58739.956 SOPHIE@OHP1.93m	3600	-40.89	0.128
	HD 217089	2019-09-14 58739.999 SOPHIE@OHP1.93m	3600	-7.684	0.001
	HD 9637	2019-09-14 58740.043 SOPHIE@OHP1.93m	3600	-2.361	0.002
	HD 21269	2019-09-14 58740.086 SOPHIE@OHP1.93m	1800 -12.602	0.002
	HD 19267	2019-09-14 58740.11 SOPHIE@OHP1.93m	1800	2.697	0.001
	HD 13882	2019-09-14 58740.132 SOPHIE@OHP1.93m	3600 -29.038	0.001
	HD 189879	2019-09-14 58740.878 SOPHIE@OHP1.93m	3600 -29.532	0.001
	HD 195375	2019-09-14 58740.921 SOPHIE@OHP1.93m	3600 -10.276	0.001
	HD 221232	2019-09-15 58740.965 SOPHIE@OHP1.93m	3600 -30.649	0.001
	HD 219925	2019-09-15 58741.008 SOPHIE@OHP1.93m	3600 -22.916	0.001
	HD 278	2019-09-15 58741.053 SOPHIE@OHP1.93m	3600 -60.526	0.003
	HD 11519	2019-09-15 58741.141 SOPHIE@OHP1.93m	3183 -11.260	0.001
	TYC2813-1979-1 2019-09-16 58742.101 SOPHIE@OHP1.93m	3600 -17.163	0.002	60
	TYC2813-1979-1 2019-09-16 58742.144 SOPHIE@OHP1.93m	3295 -17.177	0.002	40
	BD+42 3220	2019-11-20 58807.176 ESPaDOnS@CFHT	2380 -19.298	0.053
	BD+44 3114	2019-11-21 58808.176 ESPaDOnS@CFHT	2380 -15.216	0.055
	TYC 3136-878-1 2019-11-21 58808.205 ESPaDOnS@CFHT	2380	1.034	0.053
	HD 40509	2019-12-21 58838.888 HARPS-N@TNG	1800	-1.656	0.005
	HD 41710	2019-12-21 58838.911 HARPS-N@TNG	900	-7.917	0.002
	HD 40655	2019-12-21 58838.928 HARPS-N@TNG	2100	7.332	0.001
	HD 45879	2019-12-21 58838.955 HARPS-N@TNG	1500	7.047	0.001
	HD 55077	2019-12-21 58838.974 HARPS-N@TNG	1200 -25.499	0.003
	HD 61107	2019-12-21 58838.991 HARPS-N@TNG	1200	10.476	0.001
	HD 63856	2019-12-22 58839.007 HARPS-N@TNG	1800	19.755	0.001

Table 2 .

 2 Range of atmospheric parameters of the ATLAS 9 model atmosphere grid.

	Parameter	Start	End	Step
	T eff	3500 K	5625 K	125 K
	log g	0.00 dex	3.00 dex 0.50 dex
	[M/H]	-5.00 dex -2.50 dex 0.50 dex
	[M/H]	-2.50 dex	0.50 dex 0.25 dex
	using the reddening law of Fitzpatrick et al. (2019) for the whole
	grid. Effective temperatures (T eff ) and surface gravities (log g)

Table 3 .

 3 Coordinates, atmospheric parameters, metallicities, and rotational velocities of the observed stars.

	Star	RA	DEC	G Teff	logg	ξ	Mass	[FeI/H]	[FeII/H]	v sin i	σ	d
		J2000	J2000	mag	K	[cgs] km s -1	M	dex	dex km s -1	
	HD 192045 20:12:18.44 +16:13:01.6	7.068 5239 2.91	1.31	3.0	-0.11 ± 0.16 -0.27 ± 0.18	5.42 0.49 0.55
	HD 191066 20:07:28.92 +17:01:13.9	7.411 5346 3.01	1.32	3.0	0.08 ± 0.20 -0.18 ± 0.14	6.30 0.16 0.20
	HD 205732 21:36:08.54 +41:55:57.1	7.560 5314 2.54	1.59	4.0	0.09 ± 0.16 -0.22 ± 0.18	10.35 0.72 0.75
	HD 213036 22:27:33.13 +51:58:35.9	7.556 5163 1.94	1.91	6.0	0.07 ± 0.16 -0.19 ± 0.11	8.57 0.57 0.67
	HD 217089 22:57:26.91 +46:49:21.6	7.825 5381 2.61	1.59	3.5	-0.08 ± 0.13 -0.05 ± 0.14	7.72 0.51 0.57
	HD 9637 01:35:19.49 +44:55:34.6	8.476 5362 2.83	1.43	3.5	0.21 ± 0.10	0.29 ± 0.19	12.81 0.11 0.13
	HD 21269 03:27:02.31 +34:25:46.2	6.386 4964 1.83	1.82	6.0	0.05 ± 0.26	0.14 ± 0.28	16.23 0.55 0.50
	HD 19267 03:09:22.16 +64:17:58.8	6.550 5106 2.50	1.46	4.0	-0.08 ± 0.12	0.21 ± 0.35	8.10 0.26 0.30
	HD 13882 02:16:49.26 +51:31:44.2	7.179 5157 2.45	1.53	4.0	-0.04 ± 0.14	0.24 ± 0.25	9.80 0.67 0.70
	HD 189879 20:00:12.51 +47:55:57.7	8.017 4987 2.08	1.65	6.0	0.01 ± 0.17 -0.02 ± 0.36	7.22 0.66 0.70
	HD 195375 20:29:08.30 +45:44:04.5	7.878 5304 2.56	1.56	3.5	-0.26 ± 0.13	0.10 ± 0.24	7.72 0.26 0.22
	HD 221232 23:29:53.55 +50:46:38.9	8.183 5256 2.46	1.60	4.0	0.00 ± 0.12	0.25 ± 0.16	10.32 0.13 0.15
	HD 219925 23:19:10.68 +49:13:59.9	8.539 5199 2.61	1.46	3.5	-0.10 ± 0.17 -0.35 ± 0.01	6.02 0.51 0.60
	HD 278 00:07:37.41 +52:46:22.7	7.319 5133 2.59	1.42	3.5	0.06 ± 0.20	0.05 ± 0.20	22.17 0.57 0.60
	HD 11519 01:54:39.55 +53:53:30.6	7.706 5230 2.35	1.65	4.0	0.04 ± 0.12	0.04 ± 0.08	6.87 0.46 0.50
	TYC 2813-1979-1 01:23:49.59 +38:14:06.7 10.107 5058 2.67	1.32	3.5	0.08 ± 0.14	0.08 ± 0.05	6.37 0.45 0.55
	BD+42 3220 19:00:47.36 +43:07:18.7	9.761 4982 3.02	1.09	2.5	0.40 ± 0.20	0.41 ± 0.07	4.00 0.14 0.10
	BD+44 3114 19:22:04.14 +44:44:31.0	9.327 4990 2.77	1.22	3.0	0.37 ± 0.17	0.38 ± 0.10	5.98 0.26 0.30
	TYC 3136-878-1 19:46:28.83 +39:15:59.4 10.602 5112 2.96	1.20	3.0	-0.06 ± 0.16 -0.07 ± 0.09	5.42 0.66 0.80
	HD 40509 06:03:48.81 +64:05:20.1	7.731 5390 2.62	1.58	3.5	0.12 ± 0.18	0.32 ± 0.27	27.40 0.55 0.60
	HD 41710 06:07:46.85 +22:42:27.6	7.104 5292 2.03	1.95	6.0	-0.02 ± 0.13	0.17 ± 0.14	10.05 0.85 0.84
	HD 40655 06:00:55.34 +17:53:24.8	7.844 5379 2.21	1.88	5.0	-0.35 ± 0.11 -0.13 ± 0.13	9.52 1.08 1.20
	HD 45879 06:30:57.65 +21:48:17.0	7.232 5112 1.90	1.90	6.0	-0.36 ± 0.16	0.07 ± 0.08	11.81 0.88 1.05
	HD 55077 07:16:01.93 +64:46:51.6	7.077 5297 2.59	1.54	3.5	-0.42 ± 0.11 -0.25 ± 0.23	22.96 0.74 0.77
	HD 61107 07:39:25.81 +40:40:16.8	7.137 5332 2.56	1.58	4.0	0.05 ± 0.15	0.17 ± 0.21	15.30 0.80 0.75
	HD 63856 07:51:25.12 +11:09:56.5	7.888 5321 2.67	1.50	3.5	-0.05 ± 0.16 -0.32 ± 0.08	5.32 0.46 0.56

Notes. Uncertainties on v sin i are expressed in σ and in mid-range (d).

Table 4 .

 4 HD Article number, page 4 of 15 Linda Lombardo et al.: Young giants of intermediate mass List of Fe i lines used to derive the rotational velocity of stars.

		5778Å 5809Å 6096Å 6151Å 6380Å 6627Å 6726Å 6752Å 6806Å 6810Å 6820Å 6862Å
	HD 192045			x	x	x	x
	HD 191066			x	x	x	x
	HD 205732				x	x	x	x
	HD 213036	x	x	x		x
	HD 217089				x	x	x	x
	HD 9637				x	x	x	x
	HD 21269				x	x	x
	HD 19267					x	x	x	x
	HD 13882					x	x	x	x
	HD 189879			x		x	x	x
	HD 195375				x	x	x	x
	HD 221232				x	x	x	x
	HD 219925			x	x	x	x
	HD 278				x	x	x	x
	HD 11519					x	x	x	x
	TYC 2813-1979-1			x		x	x	x
	BD+42 3220				x	x
	BD+44 3114					x	x	x	x
	TYC 3136-878-1				x	x	x	x
	HD 40509				x	x	x	x
	HD 41710				x	x	x	x
	HD 40655				x	x	x	x
	HD 45879				x	x	x	x
	HD 55077				x	x	x	x
	HD 61107				x	x	x	x
	HD 63856		x	x	x	x

Table 5 .

 5 Solar abundance values adopted in this work.

	Element A(X)	References
	C	8.50	Caffau et al. (2011)
	N	7.86	Caffau et al. (2011)
	O	8.76	Caffau et al. (2011)
	Mg	7.54 Lodders et al. (2009)
	Al	6.47 Lodders et al. (2009)
	Ca	6.33 Lodders et al. (2009)
	Fe	7.52	Caffau et al. (2011)
	Sr	2.92 Lodders et al. (2009)
	Y	2.21 Lodders et al. (2009)
	Ba	2.17 Lodders et al. (2009)
	La	1.14 Lodders et al. (2009)
	Ce	1.61 Lodders et al. (2009)
	Pr	0.76 Lodders et al. (2009)
	Nd	1.45 Lodders et al. (2009)
	Sm	1.00 Lodders et al. (2009)
	Eu	0.52	Caffau et al. (2011)

Table 6 .

 6 Comparison between Gaia DR2 and observed radial velocities for our stars.Notes. Stars with an asterisk are in the Washington Double Star Catalog. Filled circles indicate stars with Gaia DR2 radial velocity errors > 1 km s -1 . Open circles represent stars with Gaia DR2 radial velocities that differ by more than 5σ from our observed v rad . The five-pointed star indicates stars that were identified as possible binary stars from proper motion anomalies byKervella et al. (2019).

	Star	v radGDR2	v rad	flag
		km s -1	km s -1	
	HD 192045	-43.846 ± 2.253	-4.834 ± 0.077 • •
	HD 191066	-5.911 ± 3.451	-9.349 ± 0.001 •
	HD 205732	-3.150 ± 0.147	-3.971 ± 0.001	•
	HD 213036	-4.369 ± 1.662 -40.890 ± 0.128 • •
	HD 217089	-7.441 ± 0.150	-7.684 ± 0.001	
	HD 9637	-1.879 ± 0.169	-2.361 ± 0.002	
	HD 21269	-15.676 ± 0.262 -12.602 ± 0.002	•
	HD 19267	3.387 ± 0.153	2.697 ± 0.001	
	HD 13882	-28.545 ± 0.170 -29.038 ± 0.001	
	HD 189879	-10.391 ± 4.430 -29.532 ± 0.001 •
	HD 195375 *	-9.352 ± 0.154 -10.276 ± 0.001	•
	HD 221232	-29.894 ± 0.158 -30.649 ± 0.001	
	HD 219925	-14.596 ± 2.837 -22.916 ± 0.001 •
	HD 278 *	-26.143 ± 7.736 -60.526 ± 0.003 •
	HD 11519	-10.625 ± 0.177 -11.260 ± 0.001	
	TYC 2813-1979-1 -16.201 ± 0.338 -17.170 ± 0.002	
	BD+42 3220	-18.523 ± 0.219 -19.298 ± 0.053	
	BD+44 3114	-17.302 ± 0.170 -15.216 ± 0.055	•
	TYC 3136-878-1	0.922 ± 0.985	1.034 ± 0.053	
	HD 40509	-1.223 ± 0.310	-1.656 ± 0.005	
	HD 41710	-6.812 ± 0.269	-7.917 ± 0.002	
	HD 40655		7.332 ± 0.001	
	HD 45879	5.902 ± 0.224	7.047 ± 0.001	•
	HD 55077	-25.729 ± 0.514 -25.499 ± 0.003	
	HD 61107	12.126 ± 0.738	10.476 ± 0.001	
	HD 63856	22.402 ± 0.206	19.755 ± 0.001	•

Table 7 .

 7 Comparison between photometric and spectroscopic log g and derived stellar masses.

	Star	log g phot log g spec ∆log g Mass Mass spec
		dex	dex	dex	M	M
	HD 192045	2.91	3.21	-0.30	3.0	6.1
	HD 191066	3.01	3.51	-0.50	3.0	9.5
	HD 205732	2.54	3.14	-0.60	4.0	16.1
	HD 213036	1.94	2.44	-0.50	6.0	18.9
	HD 217089	2.61	2.61	0.00	3.5	3.5
	HD 9637	2.83	2.73	0.10	3.5	2.8
	HD 21269	1.83	1.73	0.10	6.0	4.7
	HD 19267	2.50	1.90	0.60	4.0	1.0
	HD 13882	2.45	1.85	0.60	4.0	1.0
	HD 189879	2.08	2.08	0.00	6.0	6.0
	HD 195375	2.56	1.86	0.70	3.5	0.7
	HD 221232	2.46	1.96	0.50	4.0	1.3
	HD 219925	2.61	3.11	-0.50	3.5	11.1
	HD 278	2.59	2.59	0.00	3.5	3.5
	HD 11519	2.35	2.35	0.00	4.0	3.9
	TYC 2813-1979-1	2.67	2.67	0.00	3.5	3.5
	BD+42 3220	3.02	3.02	0.00	2.5	2.5
	BD+44 3114	2.77	2.77	0.00	3.0	3.0
	TYC 3136-878-1	2.96	2.96	0.00	3.0	3.0
	HD 40509	2.62	2.22	0.40	3.5	1.4
	HD 41710	2.03	1.63	0.40	6.0	2.4
	HD 40655	2.21	1.71	0.50	5.0	1.6
	HD 45879	1.90	1.00	0.90	6.0	0.7
	HD 55077	2.59	2.29	0.30	3.5	1.7
	HD 61107	2.56	2.36	0.20	4.0	2.5
	HD 63856	2.67	3.17	-0.50	3.5	11.1

  -1 for HD 278 and v sin i∼16 km s -1 for HD 21269) and the uncertainty on the abundances is large. As discussed in Sect. 7.1, rotation can affect the estimate of the EW of the lines, which may lead to an incorrect abundance estimate. However, we note that some stars in the Adibekyan et al. sample show the same Al abundance. This implies that it is possible for a star to have such a low [Al/Fe] ratio.
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	Fig. 6. [Mg/Fe], [Al/Fe], and [Ca/Fe] abundances as a function of
	[Fe/H]. Comparison with targets from Adibekyan et al. (2012) (yellow
	crosses) and Royer et al. (2014) (blue squares).		
	cally as belonging to the thick-disc population. It is therefore
	not surprising that we find thin-disc high-α stars. Some unex-
	pected results were found for stars HD 278 and HD 21269. Star
	HD 278 shows a higher Al abundance than the other stars in
	the sample ([Al/Fe]=0.55 dex, σ=0.24). Star HD 21269 instead
	shows a higher than solar Mg abundance ([Mg/Fe]=0.11 dex,
	σ=0.36) and lower than solar Al and Ca abundance ([Al/Fe]=-
	0.30 dex, σ=0.11; [Ca/Fe]=-0.47, σ=0.26). These stars rotate
	rapidly (v sin i∼22 km s 7.2.3. Neutron-capture elements				
	In Figs. 7, 8, and 9 we show the abundances of several neutron-
	capture elements. The Sr abundance ratio is compared to the
	analysis by Royer et al. (2014) (blue squares) and Battistini &
	Bensby (2016) (grey crosses), and the [Y/Fe] and [Ba/Fe] ratios
	are compared to the results of the analysis by Royer et al. (2014)
	(blue squares) and Bensby et al. (2014) (grey crosses). The La,
	Ce, Nd, Sm, and Eu abundances ratios are compared to the anal-
	ysis by Battistini & Bensby (2016) (grey crosses). The Bensby et
	al. (2014) sample consists of F and G dwarf and subgiant stars,
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  [X/Fe] of s-process elements [Y/Fe], [La/Fe], [Ce/Fe], and [Nd/Fe] of barium stars derived by de Castro et al. (2016). We observed that Fe] ratio for the stars analysed in this work. Green squares represent barium stars analysed in de Castro et al. (2016). Black squares represent the targets rejected as barium stars in de Castro et al. (2016).
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Table A .

 A 2. Elemental abundances of Mg, Al, and Ca with errors. Table A.3. Elemental abundances of the n-capture elements Sr, Y, Ba, La, Ce, Pr, Nd, Sm, and Eu.

				Linda Lombardo et al.: Young giants of intermediate mass
	Star Star	A(Mg) [Sr/Fe] [Y/Fe] [Ba/Fe] [La/Fe] [Ce/Fe] [Pr/Fe] [Nd/Fe] [Sm/Fe] [Eu/Fe] [s/Fe] σ [Mg/Fe] A(Al) σ [Al/Fe] A(Ca) σ [Ca/Fe] dex dex dex dex dex dex dex dex dex dex dex dex dex dex dex dex
	HD HD 192045 HD 191066		0.16	7.71 0.09 0.07 0.22	0.40 0.61	0.28 0.34 0.34	6.52 0.01 0.12 -0.37 0.22 -0.36	0.16 0.43 0.38	6.24 0.10 0.27 0.25 0.38 0.31	0.23 0.01 0.29
	HD HD 205732		0.20	7.79 0.09 0.11	0.35	0.16 0.28	6.66 0.01 0.26	0.10 0.32	6.43 0.02 0.27 0.40	0.02 0.24
	HD HD 213036 HD HD 217089 HD HD 9637 HD HD HD		0.03 -0.11 0.04 -0.22	7.93 0.10 0.18 7.63 0.08 -0.01 7.57 0.07 -0.20 7.52 0.07 0.25 -0.32	0.82 0.68 0.54 1.79 0.42	0.30 0.25 0.02 0.01 0.11 -0.08 -0.22 -0.18 -0.30	6.72 0.07 0.18 -0.38 6.48 0.06 0.04 -0.68 6.38 0.01 -0.05 6.50 0.01 0.15 -0.27 -1.23	0.15 0.24 -0.05 0.05 -0.01 -0.14 -0.17 0.01 -0.16	6.48 0.15 0.19 0.32 6.37 0.10 0.00 0.08 6.29 0.06 0.04 -0.12 0.21 0.05 0.02 -0.02 0.04 6.57 0.09 0.09 0.06 0.04 -0.21 -0.12 -0.26
	HD HD		-0.16	7.70 0.36 -0.15	0.59	0.11 -0.28	6.22 0.11 -0.25 -1.26	-0.30 -0.14	5.91 0.26 -0.24 -0.11 -0.21 -0.47
	HD HD 189879			7.57 0.08 -0.09	0.55	0.12 0.03	6.35 0.06 -0.04 -0.77	-0.04 0.02	6.34 0.01 -0.03 0.05 -0.02 0.09
	HD HD 195375 HD HD 221232 HD HD 219925 HD HD 278 HD		-0.22 -0.07 0.43 -0.27 0.14	7.60 0.08 -0.31 7.69 0.09 -0.26 7.50 0.07 0.19 7.56 0.07 -0.01 -0.05	0.43 0.78 0.68 0.48 0.69	0.10 -0.29 0.14 -0.24 0.21 0.26 0.02 0.06 -0.08	6.30 0.06 -0.26 -1.12 6.56 0.07 -0.16 6.36 0.06 0.24 -0.18 6.41 0.06 -0.06 -0.15 -0.94	-0.13 -0.20 0.08 -0.15 0.15 0.35 -0.06 0.00 0.01	6.34 0.04 -0.30 -0.12 -0.26 0.05 6.38 0.15 -0.25 -0.12 -0.20 0.03 6.15 0.16 0.30 0.38 0.26 0.08 6.42 0.06 0.03 0.00 0.09 0.01 -0.06 -0.07
	HD TYC 2813-1979-1		0.00	7.71 0.09 0.01	0.55	0.27 0.03	6.43 0.06 -0.04 -0.87	0.07 0.12	6.27 0.10 0.22 0.01	0.05 0.03
	HD BD+42 3220 HD BD+44 3114 TYC 2813-1979-1 TYC 3136-878-1 BD+42 3220 HD HD	-0.03 -0.10 0.05 -0.14 0.11	7.32 0.22 0.03 7.65 0.08 0.01 7.80 0.10 0.11 7.94 0.01 -0.18 0.02	0.02 0.20 0.40 0.71 1.46	-0.28 -0.25 0.07 -0.22 0.18 0.08 0.00 -0.31 -0.11	7.08 0.24 -0.42 -1.58 6.39 0.06 -0.59 -1.73 6.37 0.06 -0.04 -0.73 6.74 0.06 -0.43 -0.08 -1.01	0.55 -0.21 -0.12 -0.13 -0.18 0.22 -0.13 -0.27 0.08	6.46 0.04 0.09 -0.08 -0.21 0.07 6.37 0.08 0.12 0.00 -0.23 0.00 6.57 0.08 0.27 0.10 0.09 0.16 6.66 0.14 -0.24 -0.30 -0.07 -0.22 -0.04 -0.02
	BD+44 3114 HD		0.11	8.04 0.09 -0.18	1.06	0.12 -0.21	6.74 0.10 -0.13 -0.76	-0.11 -0.07	6.63 0.10 -0.27 0.01 -0.15 -0.08
	TYC 3136-878-1 HD HD HD HD HD HD HD		-0.19 0.03 -0.19 0.10	7.70 0.01 -0.08 7.41 0.24 -0.21 7.80 0.19 -0.18 7.20 0.14 0.36	1.46 0.88 0.86 0.55	0.22 -0.31 -0.25 0.01 0.29 -0.11 0.01 0.38	6.43 0.09 -0.08 6.80 0.15 0.04 6.31 0.05 -0.18 6.21 0.05 0.31 -0.14	0.02 -0.12 0.22 0.00 -0.13 -0.02 0.10 0.47	6.34 0.05 -0.27 -0.19 -0.15 0.08 6.51 0.06 0.13 -0.04 0.07 6.48 0.16 -0.04 -0.12 0.17 6.09 0.13 0.11 0.21 0.40 0.38
	HD Table A.4. Estimated errors in element abundance ratios [X/Fe] for neutron-capture elements for the star HD 13882. 7.23 0.16 0.05 6.05 0.03 -0.07 6.27 0.07	0.29
	HD HD HD			7.46 0.16 7.60 0.17 [X/Fe] ∆T eff = ∆ log g= 0.34 6.28 0.11 0.01 6.50 0.10 ∆ ξ = 7.70 0.01 0.20 6.56 0.07 100 K 0.5 dex 0.5 km s -1 Sr 0.10 0.15 -0.25	0.23 -0.02 0.14	6.32 0.03 6.60 0.08 6.33 0.06	0.41 0.22 0.05
				Y		0.10	0.10	-0.25	
				La		0.10	0.20	-0.10	
				Ce		0.05	0.05	-0.07	
				Pr		0.05	0.15	-0.05	
				Nd		0.15	0.20	-0.05	
				Sm		0.05	0.20	-0.08	
				Ba		0.20	0.25	-0.10	
				Eu		0.05	0.20	-0.05	
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Table 1 .

 1 Solar abundances.

	Element A(X) Reference
	C N O Na Mg Al Si S Ca Sc Ti V Cr Mn Fe Co Ni Zn Rb Sr Y Eu Ba Hf	8.50 7.86 8.76 6.30 7.54 6.47 7.52 7.16 6.33 3.10 4.90 4.00 5.64 5.37 7.52 4.92 6.23 4.62 2.60 2.92 2.21 0.52 2.17 0.87	Caffau et al. (2011) Caffau et al. (2011) Caffau et al. (2011) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Caffau et al. (2011) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Caffau et al. (2011) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009) Lodders et al. (2009)

  Table B.1. Observation log. Table B.1. continued.
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	Table B.2. Stellar parameters.	Table B.2. continued.
	Star	Star	RA observed ξ [Fe/H] [α/Fe] Dec exp. time [s] poses start N MJD [K] [cgs] [kms -1 ] T eff log g Star	Airmass min-Max T eff log g [K] [cgs] [kms -1 ] ξ [Fe/H] [α/Fe] Seeing min-Max
	Star RVS 002 01:19:42.53 -33:43:14.8 RA Dec Exp. time observed [s] poses start N MJD 202 5 58 758.288507 1.084-1.114 Airmass min-Max RVS 008 09:14:01.18 -63:12:26.1 202 5 58 930.149058 1.344-1.369 0.55-0.72 Seeing min-Max 1.36-1.90 RVS 011 10:15:34.61 -46:56:40.5 202 5 58 870.338332 1.140-1.135 2.13-2.62 RVS 014 12:47:31.04 -10:14:59.4 202 5 58 924.202390 1.050-1.067 0.94-1.18 RVS 015 13:00:16.73 -51:07:35.6 202 5 58 932.258759 1.128-1.139 1.58-2.04 RVS 022 03:26:12.64 -43:48:58.8 77.5 10 58 758.307378 1.060-1.059 1.33-1.52 RVS 029 04:05:54.68 -41:37:32.8 202 5 58 758.326751 1.045-1.047 1.09-2.14 RVS 037 04:42:57.98 -22:13:39.7 202 5 58 799.069735 1.770-1.962 0.37-0.47 RVS 038 04:44:23.36 -36:27:13.8 77.5 10 58 758.344764 1.022-1.027 1.09-2.19 RVS 039 04:48:47.77 +00:44:34.9 202 5 58 765.280989 1.177-1.213 1.76-1.99 RVS 039 04:48:47.67 +00:44:35.4 202 5 58 865.096763 1.117-1.132 0.55-0.91 RVS 041 04:52:41.81 -12:07:55.9 77.5 10 58 799.099643 1.580-1.747 0.48-0.56 RVS 042 04:55:06.54 -11:45:01.0 77.5 10 58 799.116914 1.435-1.560 0.50-0.59 RVS 044 04:56:58.07 -22:02:17.6 77.5 10 58 799.133983 1.260-1.341 0.45-0.61 RVS 045 04:57:43.85 -05:59:42.8 202 5 58 799.151415 1.281-1.350 0.51-0.61 RVS 046 04:58:11.49 -14:14:12.0 77.5 10 58 799.168462 1.143-1.195 0.47-0.54 RVS 047 05:09:56.16 -00:37:31.2 77.5 10 58 799.186630 1.209-1.262 0.45-0.63 RVS 048 05:18:46.64 -31:59:17.9 202 5 58 799.204970 1.065-1.091 0.45-0.56 RVS 049 05:20:52.93 -06:22:51.6 77.5 10 58 799.222086 1.089-1.116 0.53-0.65 RVS 050 05:21:32.83 +01:51:50.3 77.5 10 58 799.239032 1.132-1.152 0.50-0.77 RVS 051 05:21:44.91 -07:39:30.0 77.5 10 58 867.077287 1.046-1.050 0.49-0.60 RVS 052 05:22:21.66 -18:07:03.9 77.5 10 58 867.120497 1.020-1.037 0.44-0.50 RVS 053 05:23:51.56 -32:09:03.4 77.5 10 58 867.138548 1.041-1.064 0.40-0.54 RVS 054 05:47:21.79 -40:19:16.6 77.5 4 58 870.104316 1.039-1.039 1.40-1.45 RVS 054 05:47:21.81 -40:19:17.0 77.5 10 58 894.007139 1.051-1.042 0.52-0.66 RVS 054 05:47:21.79 -40:19:17.3 77.5 10 58 894.023080 1.039-1.041 0.43-0.67 RVS 055 05:40:39.51 -10:22:35.3 77.5 10 58 894.042639 1.034-1.043 0.48-0.66 RVS 056 05:45:50.74 -27:23:52.8 202 5 58 894.059823 1.011-1.023 0.35-0.53 RVS 057 05:47:23.02 +09:46:18.6 77.5 10 58 894.077846 1.258-1.294 0.53-1.05 RVS 059 06:04:02.67 -00:13:23.2 77.5 10 58 900.074940 1.140-1.172 0.84-1.19 RVS 060 06:05:11.02 -42:55:43.5 77.5 10 58 900.092654 1.109-1.138 0.67-0.86 RVS 062 06:16:14.99 -52:24:43.1 77.5 10 58 865.115161 1.131-1.136 0.59-1.05 RVS 064 06:33:23.23 -18:04:35.8 77.5 10 58 932.035940 1.103-1.146 1.21-1.92 RVS 065 06:22:50.23 -28:52:13.2 202 5 58 867.042316 1.114-1.153 0.51-0.63 RVS 070 06:37:16.28 -65:02:37.4 77.5 10 58 902.253791 2.207-2.066 0.78-0.90 RVS 098 08:04:41.58 -06:05:49.0 202 5 58 902.178632 1.157-1.199 0.46-0.91 RVS 099 08:14:05.92 -06:51:19.0 77.5 10 58 902.196032 1.190-1.248 0.66-0.79 RVS 100 08:22:56.69 -20:45:46.9 77.5 10 58 932.181420 1.463-1.596 1.16-1.66 RVS 101 08:24:12.34 -12:47:39.3 202 5 58 902.232650 1.289-1.365 0.79-0.99 RVS 102 08:28:08.51 -17:41:33.6 202 5 58 932.198659 1.631-1.787 1.72-2.60 RVS 103 08:29:56.41 -45:48:39.6 77.5 10 58 930.131877 1.176-1.216 0.59-0.79 RVS 119 09:29:30.40 -50:38:39.7 202 5 58 799.257896 1.759-1.887 0.52-0.74 RVS 120 09:33:41.53 -25:44:35.3 77.5 10 58 799.276913 1.638-1.815 0.49-0.69 RVS 121 09:46:58.64 -41:23:28.4 77.5 10 58 799.294730 1.506-1.623 0.43-0.55 RVS 122 09:49:45.88 -26:01:07.4 202 5 58 862.301876 1.008-1.002 1.74-3.25 RVS 123 09:54:24.62 -28:49:31.2 77.5 10 58 862.318039 1.012-1.025 1.29-3.10 RVS 124 10:08:02.17 -24:57:51.4 77.5 10 58 862.334366 1.015-1.032 2/14-3.94 RVS 125 10:40:34.59 -56:18:25.2 77.5 9 58 865.189190 1.390-1.442 0.50-0.67 RVS 125 10:40:34.54 -56:18:24.9 77.5 10 58 867.101072 1.972-2.141 0.43-0.51 RVS 126 10:44:43.78 -55:43:21.8 202 2 58 863.228077 1.315-1.513 1.71-1.71 RVS 126 10:44:43.85 -55:43:21.6 202 5 58 867.156618 1.535-1.611 0.38-0.45 RVS 127 11:14:24.34 -42:00:00.8 77.5 RVS 128 11:15:33.72 -43:53:13.3 77.5 10 58 867.174007 1.484-1.591 0.31-0.48 10 58 862.352356 1.048-1.052 1.46-2.71 RVS 002 2.99 1.46 -0.18 0.15 RVS 008 2.22 1.66 -0.12 0.15 RVS 011 1.84 1.65 -0.22 0.22 RVS 014 2.18 1.55 -0.55 0.23 RVS 015 2.41 1.36 -0.20 0.16 RVS 022 1.79 1.57 -0.15 0.18 RVS 029 1.96 1.53 -0.40 0.36 RVS 037 2.15 1.69 -0.26 0.20 RVS 038 2.38 1.53 -0.31 0.20 RVS 039 1.99 2.26 -0.41 0.20 RVS 041 2.27 1.52 -0.31 0.24 RVS 042 2.55 1.41 -0.16 0.16 RVS 044 2.40 1.52 0.15 0.17 RVS 045 2.53 1.50 -0.60 0.21 RVS 046 2.09 1.71 -0.11 0.21 RVS 047 2.35 1.63 -0.33 0.18 RVS 048 1.51 1.70 -0.47 0.24 RVS 049 1.54 1.56 -0.28 0.19 RVS 050 2.39 1.55 0.00 0.18 RVS 051 2.62 1.42 0.04 0.16 RVS 052 1.84 1.46 -0.19 0.19 RVS 053 2.03 1.48 -0.52 0.23 RVS 054 1.51 1.61 -0.65 RVS 055 2.64 1.61 -0.13 RVS 056 1.76 1.53 -0.47 RVS 057 2.21 1.70 -0.20 RVS 059 2.60 1.67 -0.09 RVS 060 1.95 1.56 -0.24 RVS 062 1.71 1.72 -0.27 RVS 064 2.65 1.73 -0.06 RVS 065 1.43 1.51 -0.82 RVS 070 1.72 1.48 -0.20 RVS 098 1.36 1.66 -0.28 RVS 099 3.25 1.18 0.00 RVS 100 1.72 1.68 -0.46 RVS 101 2.22 1.42 0.00 RVS 102 2.63 1.66 -0.19 RVS 103 2.35 1.42 0.02 RVS 119 2.00 1.87 -0.10 RVS 120 1.05 1.47 -0.56 RVS 121 2.68 1.33 -0.21 RVS 122 2.57 1.54 0.16 RVS 123 2.47 1.66 -0.18 RVS 124 2.81 1.58 -0.05 RVS 125 1.46 2.41 -0.21 RVS 126 1.42 2.45 -0.34 RVS 127 3.27 1.20 -0.26 RVS 128 2.12 2.07 -0.21 RVS 129 1.64 1.62 -0.50 RVS 130 2.38 1.68 0.13 RVS 131 2.45 1.51 -0.28 RVS 132 1.51 1.38 -0.38 RVS 133 2.49 1.24 -0.15 RVS 134 1.55 1.51 -0.58 RVS 135 2.33 1.31 -0.19 RVS 136 2.85 1.71 -0.12 RVS 137 2.10 1.65 -0.36 0.32 0.14 0.20 0.23 0.11 0.23 0.17 0.32 0.25 0.19 0.15 0.25 0.21 0.13 0.18 0.17 0.17 0.29 0.21 0.16 0.17 0.19 0.23 0.13 0.22 0.18 0.47 0.13 0.22 0.19 0.17 0.18 0.26 0.16 0.24 RVS 138 4645 1.97 1.54 -0.91 RVS 139 4911 2.75 1.47 -0.27 RVS 140 4727 2.17 1.56 -0.30 RVS 141 4392 2.10 1.29 -0.28 RVS 143 4335 1.97 1.31 -0.04 RVS 144 4224 1.69 1.34 -0.17 RVS 145 4174 1.58 1.71 -0.20 RVS 146 4479 2.36 1.33 0.02 RVS 147 4899 2.50 1.75 -0.33 RVS 148 4928 3.10 1.23 -0.38 RVS 149 4488 2.16 1.45 0.04 RVS 150 5016 2.28 2.04 -0.06 RVS 152 4631 1.97 1.61 -0.28 RVS 153 4355 1.71 2.91 -0.30 RVS 154 4536 2.34 1.50 -0.22 RVS 155 4546 2.28 1.93 -0.11 RVS 156 4665 2.48 1.36 -0.34 RVS 157 4926 3.16 1.28 -0.02 RVS 160 4649 2.06 1.98 -0.04 RVS 162 4862 2.70 1.52 -0.41 RVS 163 4461 2.11 1.49 -0.21 RVS 164 4386 1.94 1.82 -0.45 RVS 179 4481 2.23 1.40 -0.03	0.31 0.12 0.18 0.19 0.19 0.24 0.27 0.18 0.19 0.15 0.15 0.13 0.20 0.15 0.17 0.20 0.14 0.12 0.14 0.15 0.15 0.20 0.15
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APPENDIX A. ATOMIC LINE DATA

The atomic line data used for the chemical analysis of the two high-velocity stars are provided in a table deposited to CDS; below in Table A1 the first row of this table are shown. In the table we list the atomic lines used for [OI], Na i, Mg i, Al i, Si i, Ca i, Sc ii, Ti i, Ti ii, V i, Cr i, Cr ii, Mn i, Fe ii, Co i, Ni i, Cu i, Zn i, Sr ii, Y ii, Zr i, Zr ii, Ba ii, La ii, Ce ii, Pr ii, Nd ii, Sm ii, Eu ii. The atomic data are from Heiter et al. (2021). Hyperfine splitting has been taken into account when deriving the abundances of the following elements V, Mn, Co, Cu, Ba, Pr, Nd, Eu, but is not listed below. The solar mix isotopic ratios provided in table 3 of Heiter et al. (2021) have been used for the computation of the abundances. 

TA B L E A1

Appendix A: Gaia identifier

The stars we observed are not known in the SIMBAD astronomical database, except for three objects.

-GHS29 Gaia DR2 5188812082642658944, also known as CSTAR 9171, RRab type according to Gaia DR 2 (Gaia Collaboration 2018), that provides a period of 0.591620 days and an epoch of T 0 = 2456935.5943. Gaia, in the phot_ variable_flag also provides a "VARIABLE" flag. Gaia provides 249 visits with phot_g_mean_flux of 38449.08627837765 and phot_g_mean_flux_error of 619.2625519560296, 16% uncertainty. The Julian date of observations is 2458784.71072. This star was observed by Wang et al. (2011Wang et al. ( , 2013)), during a seasonal observation in the Antartica winters 2008 and 2010, respectively, with the Chinese Small Telescope. They observed the star in the i band, and derived a variability with a period of 0.591609 days, with T 0 = 55.9779 (+2452500) in Wang et al. (2011) and 0.591726 days, with T 0 = 785.4091 (+2452500) in Wang et al. (2013). They classified it as a RR Lyr.

-GHS46 Gaia DR2 4629181692264635520, also known as V* Z Men, a variable star of RRab type, according to Gaia DR 2, that provides a period of 0.687827 and an epoch of T 0 = 2456893.6835. Gaia, in the phot_variable_flag, provides a "VARIABLE" flag with 146 visits. The Julian date of the observation is 2458775.7789. The star is found in Gavrilchenko et al. (2014), without classification. Demers & Irwin (1991) provide the B and V magnitude (V = 13.85 and B -V = -0.09) in their study of stars located in the southern sky and between the Magellanic Clouds. Lopez & Girard (1990) put this star in a sample of suspected variable stars and provide an improved position. [START_REF] Kukarkin | General Catalogue of Variable Stars[END_REF] provide for this star a period of 0.6878 days and an RR type. This star is an object by Shapley (1953) in the article on the distribution of RR Lyr, and he provides a period of 0.688 days. Boyce (1943) studied this star in his sample of variable stars; he derived a period of 0.68781 days and put the star in a cluster.

-GHS63 Gaia DR2 2321153334969276160 is also known as CTLGM 5192. For this star, which is in the area of the open cluster Blanco 1, Platais et al. (2011) provide position and proper motion, which are consistent within the uncertainties with the values provided by Gaia DR2. They give probability zero that the star belongs to the cluster. 

Star

Gaia designation Other identifier

Chapter 5

Pristine: a sample of metal-poor candidates selected by narrow-band photometry Galactic metal-poor stars can be the oldest object formed in the MW, or they can be accreted from other galaxies. In both cases they are valuable objects to better understand the formation and evolution of our Galaxy. Metal-poor stars are rare objects, especially in the solar vicinity, so one has to use a strategy to find them and this can be: (i) from big databases of low-resolution spectra (e.g. SDSS, Large Sky Area Multi-Object Fibre Spectroscopic Telescope (LAMOST) 1 ), (ii) from stellar photometry (e.g. SkyMapper, Pristine) and (iii) from kinematics (see chapter 4). There is a much larger number of observed objects stored in a photometric database than spectra in a spectroscopic database. In this way, the capacity in selecting a well defined stellar population from a photometric archive provides access to a much larger sample of stars of the desired type than a spectroscopic database. Spectra of metal-poor stars are characterised by the low number of metallic lines, which are also very weak. The Ca ii-H and -K lines are extremely strong in solar-metallicity stars. At metal-poor regime these lines are still quite strong and are visible up to the most metal-poor stars we can expect ([M/H] ∼ -7). Being able to combine wide filter photometry with a narrow filter containing these two Ca ii lines, allows to select metal-poor candidates. This selection has been used with great success by the SkyMapper collaboration (Keller et al., 2007) to select metal-poor candidates.

This chapter focuses on the Pristine survey (Starkenburg et al. 2017, MNRAS 471, 258) that uses a narrow filter in the wavelength range of the Ca ii-H and -K lines, observed at the Canada-France-Hawaii Telescope (CFHT). We used the Pristine survey in combination with large-band photometry (e.g. SDSS, APASS, Gaia) to select the sample of stars, that have been observed with the spectrograph Narval. In this chapter I describe the chemical and kinematic investigations done on this sample of stars. 

Aluminium abundance

The study of Al could be possible only in the case of Pristine 183.1112+16.360. For this analysis we employed the Al i line at 669 nnm and we derived A(Al i) = 6.33 ± 0.07 dex.

[Al/Fe] ratio for this star is consistent, although lower, with the only star with an Al determination in the SOPHIE sample.

Iron peak elements

Scandium abundance

We derived Sc abundance from Sc ii lines for three stars of the sample (Pristine 183.1112+16.3604, Pristine 219.0145+11.6057 and Pristine 246.4405+15.0899). The mean [Sc/Fe] value is 0.08 ± 0.17 dex, and the agreement with the SOPHIE samples is good.

Chromium abundance

We investigated the neutral and ionized Cr lines. 

Vanadium abundance

The study of V could be done only in the Pristine 183.1112+16.3604 star, where we derived A([V/Fe]) = 3.93 ± 0.04 dex. This ratio is consistent with the few stars with [V/Fe] determination in the SOPHIE sample.

Manganese abundance

For the analysis of Mn from Mn i lines, we investigated the Pristine 183.1112+16.3604 and Pristine 219.0145+11.605. They have a positive ratio [Mn i/Fe] with a mean value of ⟨[Mn i/Fe]⟩ = 0.38 ± 0.21 dex, but consistent with the highest value of the SOPHIE sample.

Cobalt abundance

The investigation of the Co could be done only in the Pristine 183.1112+16.3604 star where we derived a ratio of [Co i/Fe] = 4.98 ± 0.07 dex.

Nickel abundance

The analysis of nickel provided an average ratio of [Ni i/Fe] = 0.15 ± 0.28 dex and the stars are in good agreement with the comparison SOPHIE sample.

Copper abundance

The investigation of Cu was possible only in the star Pristine 183.1112+16.3604. We investigated the Cu i lines at 510.5 nm and 521.8 nm and we derived an abundance A(Cu i) = 4.00 ± 0.07 dex.

Neutron capture elements

Strontium abundance

We derive Sr abundance only for Pristine 234.0337+12.6370. This analysis is based on the 421.5 nm Sr ii line and we derive an abundance of A(Sr ii) = 0.49 ± 0.12 dex. The [Sr/Fe] ratio is usually characterised by a large star-to-star scatter (see Fig. 

Zinc abundance

We derived the abundance of zinc for the Pristine 183.1112+16.3604 star using the 472.2 and 481.0 nm lines of Zn i. We derive a A(Zn ii) = 3.92 ± 0.07 dex. The [Zn/Fe] we
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The Pristine survey XI: the FORS2 sample E. Caffau, 1‹ P. Bonifacio , 1 L. Sbordone, 2 A. M. Matas Pinto, 1 P. Franc ¸ois, 3 P. Jablonka, 1,4 C. Lardo , 4 N. F. Martin, cannot be derived from the low-resolution spectra. For the evolved stars, we assumed always v t ≥ 1.5 km s -1 , and we divided following the gravity: for log g 2 we assumed v t = 2.0 km s -1 ; for 2 < log g < 3 we assumed v t = 1.8 km s -1 ; for 3 ≤ log g 4 we assumed v t = 1.5 km s -1 . For unevolved stars (log g ≥ 4), we assumed two microturbulence values according to the effective temperature as: for T eff ≤ 6000 K, we assumed v t = 1.0 km s -1 as for the Sun and for T eff > 6000 K we assumed v t = 1.5 km s -1 as for Procyon. In Fig. 2, the analysed stars are shown, compared to the isochrones computed with the PAdova and TRieste Stellar Evolution Code (PARSEC, Bressan et al. 2012). From the figure, one can see that in the ESO period 103 we changed strategy and selected mainly stars in the red giant branch. These stars are more sensitive to the PristineV calibration we used in the selection and as a consequence ESO period 103 observations have been generally more successful than the previous two, suggesting that the use of parallaxes and the choice of cooler stars have improved the selection efficiency. In the figure, we divided the stars in MP (black symbols) and metal-rich (red symbols) by using the Ca abundance, because we could derive it from a larger sample of stars, by analysing the Ca II-K line. Few stars appear in the figure displaced with respect to the isochrones. We are not worried about it, for two main reasons. (1) From our previous investigations (Bonifacio et al. 2019), we analysed stars that are MP but lie on isochrones of young ages, this could simply be due to the fact that they are evolved blue stragglers and that the parameters derived by the PristineV calibration are perfectly consistent with the isochrone of the appropriate age; (2) also if in fact these stars have a non-accurate distance and as a consequence they have in fact a larger surface gravity, this is not a problem for the chemical investigation: a change of 0.5 dex in the surface gravity changes the abundances of the elements by about 0.1 dex or less for the neutral elements, which is much smaller than the uncertainties we derive and expect. Anyway, for the subsample of stars for which we have an abundance derived from two stages of ionization of Ti and Fe, the comparison on the abundances we derive indicates that the surface gravity we derive is absolutely reasonable.

In Table 3, the stellar parameters are reported: the stars are ordered in groups by right ascension and the groups are organized as follows: the first group contains the 98 stars for which detailed chemical investigation was done; the following 20 stars have a metallicity derived from the spectrum and a Ca abundance from the Ca II-K line; the next 10 stars have only the Ca abundance from the Ca II-K line; for the last seven stars we could not derive any abundance.

To give an idea on the quality of the observations, two spectra are shown in Fig. 3.

For the more metal-rich stars and the best-quality spectra (98 stars), we were able to derive the abundance for several elements, while for the poor-quality and/or more MP stars, we derived only a metallicity estimate. For 128 spectra, we derived the Ca abundance by fitting the Ca II-K line, with six uncertain cases (Pristine 242.4202+17.8114, Pristine 246.4552+14.2016, Pristine 247.2527+05.6626, Pristine 250.2948+14.9801, Pristine 205.9426+13.4095 and Pristine 243.8528+06.6345). The Ca II-K line is strong and formed close to local thermodynamical equilibrium (LTE). At low resolution, it can be contaminated by interstellar absorption (see e.g. Caffau et al. 2012).

For the 98 stars for which we could derive detailed chemical composition, we have a large spread in metallicity, in the range -3.43 < [Fe/H] < +0.22 with a standard deviation of 0.81. In period 103, we have detailed chemical investigation for 72 stars and we derived [Fe H] = -2.43 ± 0.67. The 11 stars, within the 98 with detailed chemical investigation, with [Fe/H] ≤ -3.0 are all observations of period 103.

For 127 stars, we derived the Ca abundance from the Ca II-K line and for 90 stars A(Ca) from Ca I lines. In Fig. 4, the Ca abundance derived from the Ca II-K line versus [Fe/H] is shown. On the upper right corner of the figure, a typical uncertainty is shown: the horizontal segment represents the uncertainty on the Fe abundance, while the vertical one the uncertainty on the A(Ca) determination from the Ca II-K line. From the figure we can see that the most metal-rich stars have on average a [Ca/Fe] close to solar (for the 11 stars with [Fe/H] > -1, [Ca Fe] = 0.09 ± 0.12), while in the MP regime, most stars show the typical α-enhancement. A few MP stars show no α-enhancement. As said above, the A(Ca) determination from the Ca II-K line could bring uncertainty due to contamination in this line, but at low resolution in the MP regime, this line is irreplaceable to derive the stellar metallicity. The line-toline scatter for multiple-line abundances determinations, as well as the detailed abundances, are provided in the online table. A typical line-to-line scatter for α-elements is of the order of 0.15 dex, for Fe I 0.25 dex. For the elements derived by a single line we expect a typical uncertainty of 0.3 dex.

In Fig. 5, the Mg abundance is compared to A(Ca) from the Ca II- K line. The agreement is not perfect, but consistent with the low resolution of the spectra. In the lower panel of the figure, [Mg/Fe] versus [Fe/H] is shown and in the upper right corner of the plot, a representative uncertainty on the Fe (horizontal) and Mg (vertical) abundance determination is shown. Although the majority of the stars behave as expected (α-normal at metal-rich regime and αenhanced at the MP end), some MP stars appear α-normal or even α-poor. This is not just due to uncertainties, also if they certainly play a role. For all the stars with detailed chemical analysis, we could derive A(Mg). The nine MP stars with Mg Fe < 0.0 are in the metallicity range: -2.82 ≤ [Fe H] ≤ -1.17. Their line-to-E. Caffau et al. are several CH lines that fall in the filter passband. This may be appreciated in figure 1 of Caffau et al. (2016) where a CH line as strong as the Ca II K line can be clearly seen in the spectrum of SDSS J092912.32+023817.0 ([Fe/H] = -4.97, [C/Fe] = +4.16). While this could easily explain the discrepancy with Placco et al. (2014), the discrepancy with the frequencies of Aguado et al. (2019a) is more difficult to explain, since both samples have been selected using the Pristine photometry. We defer a more detailed investigation of the issue to a future paper of the series.

S U P P O RT I N G I N F O R M AT I O N

Supplementary data are available at MNRAS online.
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Appendix A Summary on the characteristics on the stars investigated

We here summarise the characteristics of the stars investigated in Chapter 3 (see Table A.1). These are all main-sequence or turn-off stars.

In Table A.2 the main characteristics of the stars investigated in Chapter 4 are listed. These two stars are evolved and TYC 1193-1918-1 belongs to the red-giant granch, while TYC 622-742-1 probably belongs to the asymptotic giant branch.

The characteristics of the sample of stars investigated in Chapter 5 are listed in Table A.2. This sample is still on work and the parameters could slightly change in the final analysis. The observations planned for my PhD project were either already acquired by my group (the metal-poor stars with Li-deficiency described in chapter 3 and the Pristine sample of chapter 5) or observed in a previously planned observing run (the two high-speed stars described in chapter 4). I was, nevertheless, strongly motivated to have a direct observational experience, so I took the opportunity offered within the MINCE project to conduct autonomously an observing run with SOPHIE spectrograph at Observatoire de Haute Provence (OHP, Dufay, 1946) 1 and planned one with FIbre-fed Echelle Spectrograph (FIES, Telting et al., 2014) 2 at the Nordic Optical Telescope (NOT, Djupvik & Andersen, 2010). I was also involved in the analysis of these observations. I here shortly describe the Measuring at Intermediate metallicity Neutron-Capture Elements (MINCE) project and its context, the observational facilities I used/planned to use, the preparations of the observations, my observational experience and my contribution to the analysis of the observations.

B.1 The MINCE project and its scientific goal Appendix A: Orbits of stars in the sample

In this appendix, we show the orbits of the 80 stars in the sample. We show the meridional plane, R -Z, and the projection on the X -Y plane. The orbits of the stars are integrated for 5 Gyr backward in time, starting from the current positions and velocities of the stars. The Galactic potential adopted is the model called PII that was presented in Pouliasis et al. (2017), which consists of a thin and a thick disc component, surrounded by a spherical dark matter halo.
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Appendix B: Stellar information

In this appendix, we report the log of the observations. We also list in Table B.2 the stellar parameters we adopted in this work that are explained in the paper. Table B.3 is available at the CDS and provides detail chemical abundances.

Appendix C: Atomic data

Table C.1 with the lines fitted for each star and each element is available at the CDS. We here recall that to derive individual chemical abundances, MyGIsFOS fits a predefined wavelength range. In this range, several lines of the same species can be present. All of them, if they are not too weak, are provided in the table.
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