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Chapter 1 Introduction

The Milky Way is a spiral galaxy liaving 3 main components: the bulge, the disk and the halo. In the beginning of the 80s, stellar connts stndies proposed the existence of 2 disk snb-components: the thin and the thick disk (Gilmore & Reid 1983). The formation of the Milky Way thick disk is still an open question. The work presented hereafter aims to bring new constraints to the scénarios of formation of the Milky Way thick disk.

A way to do so, is to chemically charactcrize the thick disk. Stars keep the Chemical signature of the interstellar matter tliey were formed in. At the end of their lives they return their nuclear products to the interstellar medium through stellar winds and supernovae, enriching it with heavier éléments. The elemental abundance pattern of every génération of stars tlius dépends on the previous one. In principle, tliis allows for the star formation history of a galaxy to be traced using stellar elemental abundances (Freeman &;Bland-Hawthorn 2002). To the stellar life cycles are added the different phenomena the Galaxy might hâve gone through: minor or major mergers, continuons gas accretion, etc... Each occurrence leaves Chemical characteristics signatures upon the Galaxy and its components (e.g. relation between the elemental abundances, metallicity gradients etc...). Most work done in the field of Chemical characterisation of the disk, are done on stars in the solar neighbourhood. However the thick disk population dominâtes at galactic plane distance \Z\ between 1 kpc and 4 kpc. The works on the thick disk outside the solar neighbourhood are mostly based on the metallicity and mean a enhancement and not elemental abundances.

A few examples are the SDSS (Sloan Digital Sky Survey) photometric study (Ivezic et al. 2008, Bond et al. 2010, Carollo et al. 2010), and spectroscopic studies as Zwitter et al. (2010), [START_REF] Ruchti | [END_REF], Boeche et al. (2010), Boeche et al. (2011a) and Co §kunogLu et al. (2012) for the RAdial Velocity Experiment (RAVE), de Jong et al. (2010) for the Sloan Extension for Galactic Understanding and Exploration (SEGUE), Katz et al. (2011), and Kordopatis et al. (2011). Ruchti et al. (2011) determined elemental abundances and kinematic properties of metal-poor thick disk stars. Their sample consists of mostly giants with a part of sub-giants and dwarfs. The stars are selected to hâve [Fe/H] lower than -0.7 dex and Thick Disk kinematics. This is not the case in this work: elemental abundances of stars outside the solar neighbourhood (\Z\ > 1 kpc) will be determined to chemically characterise the thick disk (that clominate at \Z\ > 1 kpc) helping the constraint of its formation scénario. No metallicity nor kinematics sélections were made, and the sample is dominated by dwarfs and turn-off stars.

To do so spectra of about 200 stars will be analysed. These stars were selected to maximize the number of stars liaving \Z\ > 1 kpc. The galactic coordinates of the centre of the observed région are l = 357°; b = -39°. The stars were observed using the multi-object VLT (Very Large Telescope) spectrograph: Giraffe. They were observed using liigli résolu tion setups: HR13 (R -22500) and HR14 (R -22500).

The analysis of these spectra was done using a new automatic stellar spectra analysis program: SPADES (Stellar PArameters DEtermination Software). The need to develop a new automatic spectra analysis software carne from the need to détermine the elemental abundances of the studied stars, this being the main goal of this study. One of the partic ularises of SPADES is the use of line-by-line analysis methods, and on-the-fly calculation of stellar syntlietic spectra. Aside elemental abundances, the software détermines radial velocities, effective températures, surface gravities, and metallicities.

Another program détermines the distances of the stars using the SPADES output parameters. It uses Girardi isochrones.

Using the outputs of the Monte Carlo nuis used to test SPADES and the output parameters of five well known stars selected from the S4N sample (Cayrel et al. 2011), the errors over the détermination of eacli of the stellar parameters, elemental abundances and distances are calculated.

The five S4N stars were also used to détermine the parameters and elemental abundances zéro points. In the end, zéro points shifts were only applied on the elemental abundances.

The Chemical properties of a sample of 124 single non-variable stars were studied. In particular tlieir Metallicity Distribution Function was examined, the possible presence of a vertical metallicty gradient was assessed, the relations between [Ca/Fe] (resp. [Ti/Fe]) and [Fe/Ii] both near (\Z\ < 1 kpc) and at large distance (1 < \Z\ < 2 kpc) from the Galactic plane were analysed. Finally the results were confronted to different thick dise formation scénarios.

The work will be presented as follows:

• Chapter 2 présents an overview on the current knowledge about the Milky Way struc ture.

© Chapter 3 introduces SPADES, the new Stellar PArameters DEtermination Software and details its algorithm and performances.

• Chapter 4 describes the data to be used for the scientific analysis.

• Chapter 5 présents the results of the data analysis and discusses the results in the context of the thick disk formation.

• Chapter 6 concludes then discusses future work that is to be done.

Chapter 2

The Milky Way

The finality of this study meets the Milky Way formation question. This Chapter targets the knowledge about the Milky Way structure and formation. It starts by giving a quick overview of the history of the study of the Milky Way. It tlien gives an idea of the current knowledge about its components, sub-components and the interfaces between them. The Milky Way, and more particularly its Disk formation scénarios are discussed.

History of Milky Way study

Astronomical history:

The knowledge about the Milky Way structure lias enormously evolved over the years.

The curiosity about it remained the same.

First was Aristotle (384-322 BC) who proposed that the Milky Way might consist of distant stars. However, these stars were believed to "ignite" in the upper part of the atmo sphère.

The question about the position of the Milky Way evolved through the years. Olympiodorus the Younger, a philosopher, (c. 495-570 A.D.) did not agréé with Aristotle's idea.

He thought the Milky Way could not be doser than the moon because in that case it sliould, as the moon, appear difFerent at different times and places on the Earth.

Other astronomers at other âges agréé with the fact that the Milky Way must be remote from the Earth. An example is the Arabian astronomer Alhazen (965-1037 A.D.), who failed to measure any parallax to the Milky Way, and thus concluded that the Milky Way cannot belong to the Earth's atmosphère.

Then came the question about the Milky Way structure. The clear answer had to wait for Galileo Galilei (1610) who used a telescope to study the Milky Way. He discovered that it was composed of a huge number of faint stars. However the idea about it being formed of a large number of faint stars was already discussed by, for example, the Persian astronomer Nair al-Din al-usi (1201-1274) who, in his Tadhkira (a rnemoir on the science of astronomy), déclarés: "The Milky Way, i.e. the Galaxy, is made up of a very large number of small, tightly-clustered stars, which, on account of their concentration and smallness, seem to be cloudy patches. Because of this, it was likened to milk in color."

William Hershel was probably one of the first to try carefully counting the number of stars in 1785. He did this for different régions in the sky producing a diagram of the sliape of the Galaxy with the Solar System close to the center.

With time, astronomers got interested by other "nebulae" and their structures. In 1845, Lord Rosse constructed a new telescope and was able to distinguish between elliptical and spiral-shaped nebulae. He also managed to make out individual point sources in sonie of these nebulae. In 1920 the Great Debate took place between Harlow Shapley and Heber

Curtis, concerning the nature of the Milky Way, spiral nebulae, and the dimensions of the universe. Curtis supported the "island universes" hypothesis which held tliat the spi ral nebulae were actually independent galaxies. One of his arguments was the différence of magnitude between a nova observed in M31 for example and one observed within our Galaxy.

The bigger and the more précisé became the instruments, the clearer became the understanding about the Milky Way and galaxies in general. In the 1920s Edwin Iiubble used the Mount Wilson observatory 100 inch (2.5 m) Hooker telescope. He was able to produce astronomical photographs that resolved the outer parts of sonie spiral nebulae. Hubble was also able to, using some Cepheid variables, estimate the distance to the nebulae that he found too distant to be part of the Milky Way. It was undebatable that these "nebulae" are distant and independent after, along with other astronomers, Hubble measured their redshift using the Doppler effect and announced that these "nebulae" are moving away from us and eacli other. He even proposed a relation that gave the velocity of a galaxy as a function of its distance to us as v = H.d where H is the constant of proportionality called the Hubble constant. This relation is used to détermine, using its redshift, the distance of galaxies. In 193G, he produced a classification System for galaxies, the Hubble sequence.

Having observed spiral shaped galaxies, astronomers asked the question of whether our own galaxy was a spiral one. In 1951, William Morgan of Yerkes Observatory mapped hot, young, O-type stars, and found they traced three arcs in the galaxy's disk. He suggested these arcs to be spiral arms. Later radio surveys, which mapped gas in the galactic plane, solidificd and extended the picture of the Milky Way as a spiral galaxy (the number of arms is still debated).

Modem Astrophysics describe the Milky Way as a spiral galaxy (probably barred) hav ing 3 main components: the central bulge, the disk and the halo. 

2.2

The Milky Way components

The Bulge

Evidence lias been growing in the last few years that the bulge is very complex, with maybe two or more components partially overlapping in space, kinematics and metallicity. An ex tensive mapping of these properties is necessary to disentangle them.

Structure:

In [START_REF] Minniti | IAU Symposium[END_REF]), the bulge is described as elongated, with a barred structure inclined by 25 degrees with respect to the line of siglit, with the nearest side located at positive longitudes. It was also suggested that the bulge lias a tri-axial boxy shape with an orientation of about 13 degrees with respect to the Sun-Galactic center direction (Robin NASAlAdler/U.ChicagofWesleyanj JPL -Caltecli et al. 2012). They fincl that the fit of the Besancon moclel is improved when a second struc ture, whicli is a longer and thicker ellipsoid, is added. Several structures were detected in the bulge plane. For example a thin long bar (Cabrera-Lavers et al. 2008, Lôpez-Corredoira et al. 2007), an inner bulge (Nishiyama et al. 2005), a nuclear bar (Alard 2001), a main bar.

In the direction perpendicular to the Galactic plane it had been suggested that the bulge lias an X shape (Saito et al. 2011). These structures are found in the models. The Fux 99 N-body model (for example) predicts the X shape (Babusiaux private communication).

One of the questions left to explore is how niany bars there are. Using simulations, Gerhard & Martinez-Valpuesta (2012) and Martinez-Valpuesta & Gerhard (2011) conclude that the stellar bar and the boxy bulge hâve the same origin. The long bar signature would be due to a volume efîect in the star counts, and leading ends through interaction with spiral arms.

Age: Zoccali et al. (2003) find that most bulge stars are older than 10 Gyr. Contrariwise the prés ence of young and intermediate âge populations was detected more than once (van Loon et al. 2003, Groenewegen & Blommaert 2005, Kouzuma & Yamaoka 2009).

Chemistry:

In their high-resolution spectroscopic survey, Zoccali et al. (2008) detect a metallicity gradi ent along the minor axis. They conclude that the fraction of very metal-rich stars decreases with increasing Galactic latitudes. Hill et al. (2011) 
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Giants in Baade's Window and were able to décomposé the bulge metallicity distribution function in two populations, one metal-rich population and another cv-enhanced metal-poor population. The same conclusion was found by Bensby et al. (2011a) who used micro-lensed dwarfs. [START_REF] Zoccali | 1AU Symposium[END_REF] and Lecureur et al. (2007) [START_REF] Gonzalez | Assembling the Puzzle of the Milky Way, Le Grand-Bornand[END_REF] présents a study based on a-elements abundances for a total of 650 Red Giant Branch (RGB) stars in 4 fields along the major and minor axis of the bulge. Results point towards a spatial homogeneity of a-element enhancement in the metal-poor régime and a population of a-poor metal-rich stars which disappears at high latitudes (b = -12). Tliey find that bulge metal-poor a-enhancement is indistinguishable from the one of the thick disk. Alves-Brito et al. (2010) agréé with these findings. [START_REF] Barbuy | IAU Symposium[END_REF] determined abundances in bulge metal-poor globular clusters. They find a-enhancements of the éléments O, Mg and Si and thus suggest an early nucleo-synthesis in the Galactic bulge.

Kinematics: Babusiaux et al. (2010) found that the métal rich population of the bulge is under the kinematic influence of the bar. They also find 2 kinematic populations along the minor axis.

The formation:

Two main scénarios are often suggested to explain the formation of the Milky Way bulge:

gravitational collapse (or hierarchical merging of sub-chunps) and secular évolution of the Galactic disk. The first scénario implies a quick formation at early times of the bulge, an ellipsoidal shape and an isotropie velocity distribution. On the other hand the second scé nario would imply a slow formation (from the disk), a boxy/peanut shape and bar driven kinematics.

The known properties of the bulge (X-shapes peanut, métal rich component, bar-like kine matics, âge, metal-poor component, a-enhancement properties...) do not allow to chose one of the 2 scénarios. Babusiaux et al. (2010) suggest that a combination of the two proposed scénarios could be the answer to the bulge formation question. They detect two stellar populations in the bulge: a metal-rich population with bar-like kinematics and a metal-poor population with kinematics reflecting an old spheroid or a thick disk. They explain the detected metallicity gradient along the bulge minor axis with a mix of these two populations, a mix that varies with the distance to the Galactic plane.

The Disk

It has been about 30 years that questions about the multiplicity of the population of the disk were asked. Its structure proved to be more complex than expected, it's Chemical characteristics too.

OverView: Bahcall & Soneira (1980a, b) used star counts to détermine stellar luminosity functions and scale heights in order to better understand the Galactic structure. A few years later Gilmore & Reid (1983) also used star counts as an indicator of Galactic structure and suggested a double exponential to represent the disk population (Figure 6 from Gilmore & Reid 1983).

The first exponential has a scale height of 300 pc and is associated to the thin disk, and the second exponential has a scale height of 1350 pc and is associated to the thick disk. Robin et al. (2003a) separate the disk into two components, and estimate that about 93% of the disk stars belong to the thin disk and only 7% belong to the thick disk .

There are many ways of separating thin and thiek disk. One of the most used criteria to associate a star to the thin or thiek disk is the kinematical one (Bensby et al. (2003a), Bensby et al. (2005)). Table 2.1 gives an example of the kinematical parameters of the thin and thiek disk given by Soubiran et al. (2003). They find that the thiek disk lias a moderate rotational lag of -51 ± 5 km/s with respect to the Sun with velocity ellipsoid (crU , oV , aW ) = (63 ± 6, 39 ± 4, 39 ± 4) km/s.

[a/Fe] is also used for the deconvolution of thiek and thin disk populations. It is especially important for the stars with metallicity in the interval of [Fe/H] values -0.7 <[Fe/H] < -0.3, interval in wliich the thin and thiek disk stars overlap in metallicity.

A sélection, that might complément the velocity criterion, is the sélection using eccentricities.

Several studies, like Bilir et al. (2012) that uses the RAVE (RAdial Velocity Experiment)

survey, find double modes in the vertical stellar orbital eccentricities distribution. These modes can be associated to the thin and thiek disk.

Other criteria used to separate thin and thiek disk stars include the distance to the Galactic plane and âge. The tliick disk is supposed to dominate for distances from the Galactic plane \Z\ around 1 and 4 kpc (Girard et al. 2006, Fuhrmann 1998a, 2004, 2008). Girard V Soubiran (2006) find that the transition between thin and thiek disks stars is observed at 10 Gyr, the thin disk being the younger sub-component.

When possible, some authors test the effect of the sélection criterion on the results. The conclusion is that the results dépend closely on the way the thin and tliick disk were separatecl and thus the sélection criteria can fundamentally change the scientific results. Some authors do not agréé with a clear, sharp, séparation between two distinct disk sub-components. For example Reddy et al. (2006) and Haywood (2008) identify a popula tion having tliick disk kinematics but thin disk abundances. Mishenina et al. (2004) and Soubiran & Girard (2005) also find metal-rich stars with kinematics of the tliick disk.

The existence of the tliick disk was even recently put back into question, especially in the sériés of articles: Bovy et al. (2012a, b, c). The authors use data of 30 353 G type dwarfs from SDSS/SEGUE. For distances to the Galactic plane \Z\: 0.3 < \Z\ < 3 kpc, they find that each abundance-selected sub-population lias a simple spatial structure and can be described by a single exponential in both vertical and radial direction. They also find that for increasingly lower metallicity and a-enhancement populations (meaning older populations)

there is a continuons change of tliis abundance with increasing scale heights and decreasing scale lengths. They by conséquence do not agréé with a simple géométrie "thick-thin disk"

décomposition but talk about a multitude of mono-abundance populations. The authors continue by studying the spatial structure and vertical motions of these mono-abundance sub-populations of the disk.

The so far determined properties of the disk will be detailed in the rest of the section.

What these properties imply as for the formation of the disk will be detailed in section 2.4. 0 ver the years there lias been many estimations of the parameters of each disk. Tables 2.2, 2.4, 2.3, and 2.5 give a brief summary of vaines of these parameters (when available) deter mined by different anthors. As already noted, the reader must keep in mind that different authors may hâve used different sélection criteria affecting their results.

Structure:

One of the largest surveys for the study of the tomography of the Milky Way is the Sloan Digital Sky Survey (SDSS). Using this survey Juric et al. (2008) détermine the stellar number density distribution of the Galaxy for distances ranging from 0.1 to 20 kpc. They déter mine distances for about 48 millions detected stars and fit the stellar distribution function of the disk witli 2 exponentials, the tliin and thick disk, having respective scale heights of 300 pc and 900 pc, and respective scale lengths of 2600 pc and 3600 pc. We note that the thick disk thus dominâtes for distances to the Galactic plane \Z\ such as 1 < \Z\ <4 kpc. Although Juric et al. (2008) To do so they use the Two Micron Ail Sky Survey (2MASS) with the Stellar Population Synthesis Model of the Galaxy of Besancon (Robin et al. 2003b) to lielp constrain the pa rameters of the disk such as its scale length and the shape of the stellar warp. They fincl the stellar disk to be asymmetrical, the positive longitude side to be S-shaped and the négative longitude side to be peculiar (more complex than a simple model).

Age:

Determining stellar âges of disk stars is not an easy task. Regardless of the fact that âge is a tricky parameter to détermine, the entanglement between different populations hardens the task. The metliod using isochrone fitting is often used in the détermination of population âges in the Galactic disk. Kinematicaly selected thick disk stars are in mean older than thin disk stars, at least in the solar neighbourhood [START_REF] Feltzing | IAU Symposium[END_REF]. Robin et al. (2003b), Bensby et al. (2003b), andFeltzing et al. (2003) find mean âges for the thin disk of 6, 4.9 and 6.1 Gyr and for the thick disk of 11, 11.2, and 12.1 Gyr respectively.

Table 2.3 summarises these mean values with their dispersions when available. Although sometimes very biased, âge can be used as a criterion of sélection between thin and thick disk stars.

Kinematics:

As previously mentioned kinematics is the rnost commonly used sélection criterion to separate thin and thick disk stars. There seems to be 2 rotating stellar populations in the Milky Way: one (associated to the thick disk) is a more slowly rotating stellar System (around the Galactic centre) than the other (associated with the thin disk). As a whole the slower System lags behind the local standard of rest (rotation velocity at the Sun position) by about 50 km/s, wliile the more rapid component lags by only about 12 km/s (Soubiran et al. 2003, Robin et al. 2003b). Table 2.

gives examples of kinematic parameters values of tlie disk

given by different authors.

The thick disk stars are commonly thought to rnove on higher eccentricity orbits and présent a higher velocity dispersion that thin disk stars. Using the RAVE (RAdial Velocity Experiment) second data release (Steinmetz et al. 2006, Zwitter et al. 2008, Siebert et al. 2011), Karatas & Klement (2012) determined the vertical velocity dispersion (aw), mean rotational velocity ((V^)) and mean orbital eccentricity ((e)) of stars selected as thin and thick disk using the Schuster et al. (1993) stellar population criterion whicli combines both kinematics and metallicity information. Karatas & Klement (2012) km/s/kpc. This shows the importance of the sélection criterion. Kordopatis et al. (2011) find a vertical velocity trend for stars having distances to the Galactic plane 1 < \Z\ < 4kpc of 19 ± 8 km/s/kpc. They also find slightly diffcring values of disk components parameters when selecting stars using distance to the Galactic plane instead of kinematics.

Metallicity [Fe/H] ;

Using a kinematical sélection between thick and thin disk stars, most studies suggest that the thick disk sub-component is composed mainly of metal-poor stars, having mean [Fe/H] of about -0.5 dex (see As for kinematics, stars keep a Chemical signature of the event it was formed in. Vertical metallicity trends are thus also used to help constrain the formation of the disk.

Many authors find a vertical metallicity trend in the disk that shows that the metallicity decreases as Galactic altitude increases. Chen et al. (2011) find the largest value of the vertical metallicity gradient yet: = -0.22 ± 0.07 dex/kpc, and that in 4 of the 5 directions they observe in and for Galactic plane distances \Z\ sucli as 1.0 < \Z\ < 3.0 kpc. Yong et al. (2012) show that the gradient is flatter outside the solar neighbourhood. This reflects the transition between the sub-components. = -0.068 ±0.009 dex/kpc for the thick disk wliere \Z\ is the height of the star. On the contrary, authors like Soubiran & Girard (2005), Allende Prieto et al. (2006), andSiegel et al. (2009) do not find such gradient.

Kinematics-metallicity relation:

Using the SEGUE survey and clioosing a Chemical séparation between thin and thick disk stars, Lee et al. (2011) find that the thin disk population présents a négative velocity versus

[Fe/H] gradient (-20 to -30 km/s) as opposed to a positive one for the thick disk population. Kordopatis et al. (2011) find a corrélation between [M/H] (M being ail éléments heavier than He) and the velocity of thick disk stars with high altitude ( d]fiyn] = -45 ±12 km/s/dex ).

This resuit is inconsistent with SDSS photometric results from Ivezic et al. (2008) who find no corrélation between metallicity and kinematics.

Age-metallicity relation:

The age-metallicity relation of a disk sub-component reflects the enrichment history of the environment its stars formed in and/or came from. 

Chemistry:

The relation between a-elements and iron abundances traces the relative contribution to the Chemical enrichment of the inter-stellar medium from type II and la supernovae (at a given time) and the time scales over which each supernova type dominâtes. Actually, the yield of Fe peak éléments such as Cr, Mn, Ni and Fe is important in type la supernovae (Tirnmes et al. 1995) (low to intermediate mass stars) while a éléments (O, Na, Mg, Si, S and Ca) according to the current nucleo-synthesis theory are being produced as a resuit of a-capture reaction, taking place in the core of massive stars during their explosion as SN II (Woosley & Weaver 1995). Silice massive stars hâve a short lifespan compared to low to intermediate mass stars, the interstellar medium will be enriched faster by éléments produced by SN II and then more slowly by type la supernovae. So by measuring abundance ratios of stars from different parts of the Galaxy (and the disk in particular), the métal enrichment history and the time-scale over which a population was formed are quantifîed.

It lias been found that stars selected as thick disk stars are, at a given metallicity, more enhanced in a-elements than the stars selected as thin disk (Bensby et al. 2003a). Soubiran & Girard (2005) quantify this enhancement to be of about ±0.1 dex. The formation of tire Milky Way tlrick disk is still a riddle. Different models are suggested.
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Four of the most studied ones are hierarclrical formation and satellite galaxies accretion, tlrickening of an early tlrin disk by a nrinor rnerger, early gas-rich accretion, and stellar migration and radial nrixing. These nrodels will be detailed in section 2.4. In this section observational results that support one or the other of these scénarios will also be presented. The halo is just as complex as the other components. In a sériés of papers, Nissen & Schuster (2010) argument the fact that there are two distinct halo populations in the solar neigliborhood. Tliis idea was already suggested by Searle & Zinn (1978). The link between the Galactic halo and the disk is still an open question.

Structure:

It is the least dense comportent, about 600 times less dense tlran the disk (Dawson 1986).

Using star counts, Deason et al. (2011) represent the halo distribution function as a broken power-law model witlr a slope of 2.3 for distances lower than 27 kpc and a slope of 4.6 for higher distances. It has also been discussed that the halo lias an asymmetric structure (Xu et al. 2006).

Chemistry:

The halo is the métal poor comportent of the Milky Way. Examples of estimâtes of its rnean iron abundance are -1.58 dex (Kordopatis et al. 2011) and -1.30 ± 0.60 dex (Schuster et al. 1993) Gilmore & Wyse (2001) find stars with halo metallicity and disk-like kinematics. [START_REF] Nissen | IAU Symposium[END_REF] use elemental abundances of stars having metallicities in the range -1.5 <

[Fe/H] < -0.5. In their sample they find halo and disk stars. Some of their halo stars hâve [a/Fe] -0.30 ± 0.03, a value like the thick-disk stars. These results support the idea of a continuons (smooth) transition between the a-rich thick disk and the a-low halo.

Note that the relations between the different components can arbitrate between the for mation scénarios. For example, abrupt séparations between components can mean separate origins (e.g. accretion and/or merger) while a continuity in properties often implies a common origin and/or a smooth continuons formation of the components. The property this work will most investigate is the a éléments abundances, trying to answer the question of whether the [Ca/Fe] and [Ti/Fe] versus [Fe/H] trends are the same in and outside of the solar neighbourhood.

The Milky Way formation scénarios

Idistorically, tliere were two major scénarios for the formation of the Milky Way. One suggests that the stars form from gas in-falling towards the galactic centre (Eggen et al. 1962) :

the collapse scénario. Another scénario is the Searle & Zinn (1978)'s "bottom-up" scénario where proto-galactic chunks came together to build up the Galaxy. Other mechanisms and events are suggested to take place: mixing of stars inside the Galaxy and/or mergers of the Galaxy with other small or high mass galaxies.

As previously explained, Chemical and kinematical observations as well as the study of the multiplicity of the Milky Way components, are an important key in constraining its formation history.

For example, the models previously presented do not predict the same structure for the Galactic halo. The monolithic collapse model of Eggen et al. (1962) corresponds to a single population, while Searle & Zinn (1978) suggest that the halo contains two populations: one formed in a dissipative collapse and the other one accreted from dwarf galaxies. Alves-Brito et al. (2010) find almost identical a-enhancements for thick disk and bulge stars. They conclude that tliis might be a conséquence of a rapid Chemical évolution taking place before the bulge and thick disk structures were formed. Another way to explain tins is if bulge stars migrated into the thick disk...

To understand the big picture of the formation of the Galaxy, one must zoom in on the properties and history of each of its components. We will be particularly interested in the thick disk sub-component. The thick disk itself lias different formation scénarios and by studying its kinematical and Chemical properties one can constrain these scénarios.

2.4

The Milky Way thick disk formation To the hierarchical accretions can be aclded satellite accretions after a rather massive initial Galaxy is formed. Abadi et al. (2003) show the importance of satellite accretion in the formation of the Galactic thick disk. They présent an analysis of the disk component resulting from a simulated galaxy formed in the ACDM cosmology. In tliis simulation, the galaxy forms in a dark matter halo. Important mergers and accretion events mostly liappen before redshift of 1. At redshift zéro the simulated Galactic disk lias two disk components. Tliis duality is consistent with observations : double-exponential vertical structure of the disk and the vertical velocity distribution versus stellar âge relation. In their simulation, the "thick" disk stars are débris of accretion events wliile the "thin" disk stars form after the last accretion lias happened.

One must be careful with the interprétation of observations: stellar streams hâve often been thought to be débris from an accretion of a satellite. Ramya et al. (2012) find that tliis is not always the case. They détermine the âge and elemental abundances of two identified stellar streams in the Milky Way. They find that the streams are métal poor and old. having kinematics and abundances overlapping with those of local field thick disk stars. They coneluded that these streams probably do not represent tidal débris but are most likely dynamical perturbations within the Galaxy.

Thin disk heated by minor merger

In this scénario, a thin disk pre-exists before a merger, and the thick disk results from kinematical heating of thin disk stars becanse of this merger. Mergers can be minor or major.

The différence between the two types is the mass ratio between the main Galaxy and the merging one. A minor merger supposes a large mass ratio between the main/host Galaxy and the merging one. Quinn et al. (1993) use N-body simulations to understand the effect of mergers on galactic disks. They find tliat mergers tend to lieat disks vertic.ally and radially. The resulting disk profile has two exponential components, cohérent with observations. The thicker simulated disk component had vertical velocity dispersions close to that observed for thick disk selected Milky Way stars. They note that thin disk stars are not expected to "survive" such mergers and that the thin disk would be formed after the last merger the Galaxy knew. Villalobos & Helmi (2008) also présent simulations of the formation of thick disks by heating of a pre-existing thin disk following the accretion of one or more satellites. They try to establish the characteristics of such thick disks. They also study the effect of the orbital properties of the accreted objects on the resulting disk. The simulation that gave disks that are closest, in morphology and in kinematics, to the observed disk are the ones wliere the merging satellite has a mass of 10 to 20 per cent the hosts' mass. Unlike Quinn et al. (1993) they find that the host disk is not fully destroyed by the in-falling satellites.

This may explain the existence of old stars in the Galactic thin disk. The simulated thick disks are kinematicaly similar to the Galactic thick disk at the solar radius. The presence of a vertical velocity gradient in the thick disk and its value favors the formation of the thick disks by a merger with either low or intermediate orbital inclination. Qu et al. (2011) investigate the morphological properties of thick stellar disks formed through minor mergers by means of a sériés of N-body/SPH simulations. Their results for minor mergers are consis tent with observations of the ratio of thick to thin disk scale lengths and with the " Toomre diagram" of the Milky Way supporting this scénario for the formation of the Milky Way disk.

Early gas-rich accretion

In this scénario, the building blocks of the thick disk are rich in gas. The pre-existing disk is heated early in its évolution.

Authors like Gilmore et al. (1995) détermine the metallicites of thick disk selected stars and find no vertical metallicity gradient, ruling out the slow collapse formation scénario. Brook et al. (2004) adds to that observation, the lack of a large intermediate-age tliickdisk population, again ruling out the slow collapse formation scénario. The later also agréé with the fact that âge distributions, Chemical abundances and velocity dispersion of the thick and thin disk stars are clearly different excluding the enhanced kinematic diffusion scénario. They also réfuté the scénario in which the thick disk is made up primarily by multiple accretions of small satellite because then the metallicity of the stars would be too low to explain the observed peak metallicity of the thick disk. To explain the observed thick disk metallicity the accreted satellite sliould either be massive or gas rich. If the satellite is massive it would destroy the pre-existing thin disk. They then suggest a scénario wliere the thick-disk is formed during the epoch of multiple mergers of gas-rich building blocks.

They find that their scénario is consistent with the scénario wliere the pre-existing disk was heated early in its évolution. The latter scénario is consistent with the observed abrupt increase in velocity dispersions, the distinct Chemical properties of the two disk components, and the homogeneity of thick-disk abundances. To summaries, in their simulations a thick disk forms during a violent relaxation of the galactic potential, prior to the formation of the thin disk. The star formation is triggered by accretion of gas-rich building blocks during a chaotic merging epoch at high redshift. Bournaud et al. (2009) base their study on the fact that thick disks made by internai processes hâve a constant scale lieight with galacto-centric radius while thick disks made by mergers flare. The flaring is inconsistent with observations. Note that this is not something ail authors agréé on. They consider a late-stage gas accretion and thin-disk growtli through turbulent and clumpy phases at high redshift. This scénario seems to preserve the constant scale heights of thick disks formed by internai évolution.

On the observational side, Cheng et al. (2012) détermine the [a/Fe] abundance of 5620 stars observed by the Sloan Extension for Galactic Understanding and Exploration survey in the région 6 kpc < R < 16 kpc, 0.15 kpc < \Z\ < 1.5 kpc. Their results are consistent with a scénario where the thick disk forms during an early gas-rich accretion phase. Minor mergers wonld hâve sent, by heating, stars far from the plane.

Stellar migration and radial mixing

As opposed to assuming that a star in the disk was either formed in-situ or accreted, this scénario suggests that stars might hâve migrated in the disk (inwards or ontwards) after their formation to end up where they are observed now. Thus came the iclea that the thick disk might be formed by stars that were formed in otlier sub-components (e.g. the thin disk) and migrated to end up in the thick disk.

Using simulations, Schonrich & Binney (2009a) predict that there are old very metal-rich stars in the solar neighbourhood, at a relatively low rotational velocity. In this case these metal-rich stars would hâve an origin in the inner Galaxy. They find a sample of stars with kinematics of thick disk stars and solar [a/Fe]. It seems like an old thin disk sub-componcnt.

They propose that radial migration from the inner disk is the most probable origin of these stars. [START_REF] Roskar | Astronomical Spectroscopy and Virtual Observatory[END_REF] présent calculations demonstrating that résonant scattering with spiral arms triggers efficient migration of stars from régions at radial distances of 4-5 kpc into the solar neighborliood.

On the observational side, the rotational velocity gradient for the thin-disk sub-sample with metallicity found by Lee et al. (2011) an inside ont formation of the disk from in-falling gas and think that this resuit is more consistent with some star migration in the disk.

On the other hand Kordopatis et al. (2011) find a corrélation between V(f> and [M/H],

excluding the radial migration scénarios, bccause otherwise, the stars would hâve mixed, and this corrélation would hâve been "erased". Minchev et al. (2012) separate stars (in their simulation and other re-simulations), into migrators and non-migrators to quantify the effect of radial migration. They find that migrating stars are unable to thicken the disk.

They explain this by showing that migrators "suppress heating in parts of the disk".

Combination of scénarios

One must keep in mind that several scénarios could be combined to form a thick disk. For example Cheng et al. (2012) whose results are consistent with a scénario where the thick disk forms during an early gas-rich accretion phase and where minor mergers would hâve sent, by heating, stars far from the plane, also mention radial migration via transient spiral structure. They actually find a lack of high-rv stars at large R and \Z\ wliicli helps constrain the importance of radial migration in the formation of the Milky Way thick disk.

Chapter 3

SPADES: a Stellar PArameters DEtermination Software

As already mentioned, chemically characterizing the Disk is a way, amongst others, to understand its formation. One of the ways to chemically characterize the Disk is using liigh resolution spectroscopic observations of stars belonging to it. Spectroscopic surveys, past and future, aim at the détermination of one or more stellar parameters, and when possible, the détermination of elemental abundances. A few of these surveys will be présentée! in this Chapter. To analyse these huge amounts of spectra, automatic stellar spectra analysis softwares were developed. This Chapter will first présent a few examples of sucli softwarcs.

An important part of this work is the development of a new stellar spectra automatic analysis software, SPADES (Stellar PArameters DEtermination Software). In this Chapter, SPADES will be introduced, its algorithm explained, and the results of its tests presented.

Spectroscopic surveys

The présent and future large spectroscopic surveys are going to significantly increase the number of spectroscopic data to be analyzed. To analyze the quantities of data these surveys will provide, automatic spectra analysis softwares are needed. A few examples of surveys that, at least in part, are intended for the understanding of the Milky Way are:

• SEGUE: Sloan Extension for Galactic Understanding and Exploration (Yanny et al. 2009). SEGUE uses the Sloan Digital Sky Survey (SDSS) instrumentation. It is meant to observe 240 000 faint stars (14 < g < 20.3), sampling three quarters of the sky. The spectrograph resolution is of about 1800. It covers a large spectral domain (3900-9000 À). It is expected to allow one to reach a radial velocity accuracy of about 4-15 km/s, and to estimate stellar atmospheric parameters.

• RAVE: RAdial Velocity Experiment (Steinmetz et al. 2006, Zwitter et al. 2008, 2010, Boeche et al. 2011b, Siebert et al. 2011). RAVE is a spectroscopic survey of the Milky Way at Galactic latitudes \b\ > 25 and magnitudes in the range 9 < Idénis < 13.

RAVE uses the Anglo-Australian Observatorys Schmidt telescope in Siding Spring, Australia. The effective resolution of the spectrograph is 7500. It covers a spectral domain that includes the near-infrared ionised calcium triplet (8410-8795 A). RAVE can measure radial velocities with a médian précision of about 2 km/s. It lias observed about 250 000 stars so far and aims to observe about 500 000.

• GES: Gaia ESO Survey (Gilmore et al. 2012). The Gaia-ESO survey will observe about 100 000 stars using the FLAMES@VLT multi-fiber spectrograph over 5 years.

The stars are observed with résolution going from 16000 to 47000. It will allow the détermination of the radial velocities, [Fe/H], and detailed abundances of the observed stars. It is meant to scientifically assist the upcoming Gaia mission in the understanding of the Milky Way.

• Gaia: Gaia is an ESA (European Space Agency) space mission that will be launched in 2013. It is a billion stars survey. In addition to extremely précisé astrometry, it will acquire the spectra of about 390 million stars (Robin et al. 2012), with mean resolving power of 11500 covering the 847-874 nm spectral domain, allowing the détermination of the stars' radial velocity with a précision going from 1 to 15 km/s depending on the magnitude [START_REF] Katz | Proceedings of the Annual meeting of the French Society of Astronomy and Astrophysics[END_REF][START_REF] Katz | Proceedings of the Annual meeting of the French Society of Astronomy and Astrophysics[END_REF]). It will also allow the détermination of individual abundances for the 2 millions brightest stars down to V = 12.

• LAMOST: Large sky Area Multi-Object fîber Spectroscopic Telescope (Bland-Hawthorn 

Existing automatic stellar parameters détermina tion softwares

Development of automated spectra analysis software can be traced back to the early 90's.

Since then, many programs hâve been developed based on a large variety of methods. The main programs that existed when the work on SPADES started are the orthogonal vector projection software (Cayrel et al. 1991, Perrin et al. 1995), minimum distance methods like TGMET [START_REF] Katz | [END_REF], Soubiran et al. 2003) and ETOILE (Katz 2001), features fitting softwares like Abbo (Bonifacio & Caffau 2003), artificial neural networks (Bailer-Jones 2000, Allende Prieto et al. 2000), projection vectors softwares like MATISSE (The MATrix Inversion for Spectral SynthEsis) (Recio-Blanco et al. 2006, Bijaoui et al. 2008), principal component analysis softwares like AïAx (Jofré et al. 2010), and the forward modeling algoritlnn ILIUM (Bailer-Jones 2010).

A couple of programs automatically measure équivalent widths: DAOSPEC (Stetson & Pancino 2008, 2010) and FITLINE (François et al. 2003).

DAOSPEC and FITLINE are not strictly speaking automated parameter détermination softwares, but coupled with programs that dérivé atmospheric parameters from équivalent widths, they are used by many astronomers to automatically parameterize stars. Sbordone (who allowed the use of the stellar atmosphère calculation programs to be later detailed).

Introducing SPADES SPADES (Stellar

SPADES is based on line by line analysis, the lines being modeled. One of the motivation to develop SPADES (Stellar PArameters DEtermination Software) is the analysis of a set of 200 Giraffe HR13 and HR14 spectra, mainly F-G dwarfs, that were collected in the context of a study of the structure and chemistry of the Galactic disk. Therefore, the fîrst version of SPADES is illustrated and tested with simulated Giraffe-like spectra of mid-F-G dwarfs.

SPADES is coded with Java.

SPADES automatically détermines: the radial velocity (Vr), the effective tempéra ture (Tcff), the surface gravity (log.g), the metallicity ([Fe/H]), and individual abundances ([X/Fe] for the element X) for single stars. This fîrst version of SPADES is focused on mid-F-G dwarfs and the micro-turbulence is set to 1 km s-1.

Many of the existing automatic spectra analysis softwares uses global methods, meaning they process ail pixels of the studied spectrum [START_REF] Katz | [END_REF], Katz 2001, Soubiran et al. 2003, Rccio-Blanco et al. 2006). With SPADES we aimed to explore another possibilité which is the line-by-line analysis. Each parameter is determined using a pre-defined set of lines. The merits of this technique are, fîrst, the possibilité to select lines that are particularly sensitive to the stellar parameter to be determined, and second, this allows one to exclude lines that are not correctly modeled. A drawback is that only a fraction of the total available information is used.

Often, whether automated or manual, methods using a line-by-line analysis rely on équiv alent width measurement and use a curve-of-growth analysis. We chose to rely on synthetic spectra modeling and profile fitting. The motivation is twofold. First, this takes care of small blend problems. Assuming that the blend is correctly modeled, its contribution to the observation and to the modeled profile will (partly) canccl out. Second, sonie parameters can be derived by line profile fitting, e.g. Tch from the wings of the Balmer lines. A draw back of this method is the need for a very large library of synthetic spectra. Reading and Processing many synthetic spectra is computationally demanding and therefore the analysis is slower.

In the line-by-line analysis the accuracy and précision of the results is very sensitive to the détermination of the continuum or pseudo-continuum. Yet, this is often difficult particularly in cool and/or super metal-rich stars. SPADES détermines "local" continuum from the comparison of the reference (synthetic) spectra and the studied spectrum (see sect. 3.4.3).

As 

The algorithm

A SPADES analysis proceeds in three steps: it first détermines the radial velocity. tlien the atmospheric parameters, and finally it détermines the individual abundances.

Figure 3.1 snmmarizes the general algorithm of the analysis. Note that ail boxes are optional and can be switched on and off using configuration files in the "Utility data" box. Aside the configuration file, the "Utility data" box contains the line lists, the list of éléments which abundances are to be detorminod... The red arrows mean that one or more files in the utility data box are being read. The blue arrows are the analysis cycle. The blue loop is the Teff, log g, and Te^convergence loop. The input parameters can cither be read in one of the files in the utility box, or be estimated using the TGMET [START_REF] Katz | [END_REF], Katz 2001) method.

Figure 3.1: The analysis algorithm. Note that ail boxes are optional and can be switched on and off using configuration files in the "Utility data" box. Aside the configuration file, the "Utility data" box contains the line lists, the list of éléments which abundances are to be determined... The red arrows mean that one or more files in the utility data box are being read. The blue arrows are the analysis cycle. The blue loop is the Teff, logtf, and Tc(r convergence loop. The input parameters can either be read in one of the files in the utility box, or be estimated using the TGMET [START_REF] Katz | [END_REF], Katz 2001) method.

The radial velocity is determined by cross-correlation with a synthetic template (see sect. 3.4.2).

The three atmospheric parameters (effective température, surface gravity, iron over hydrogen ratio) are determined independently (see sect. 3.4.3). Currently, eacli parameter is associated to one diagnostics. SPADES was conceived to aggregate more diagnostics along its life span and more will be added in the future. Current diagnostics are

• effective température: Balmer line wings fitting (suited for Te^dérivation in F-G dwarfs),

• surface gravity: ionization equilibrium,

• iron abundance: neutral iron line profile fitting.

The individual abundances are determined element per element by line profile fitting (see section 3.4.4).

The reader will notice that some of these diagnostics are similar to tliose used in the so-called "detailed analysis". Two différences shoulcl be emphasized: (i) SPADES relies on profile fitting and modeling rather than équivalent widtli measurement, and (ii) the SPADES précision is not limited by the step in the grid of atmospheric rnodels and spectra

(see Sect. 3.4.3).
SPADES starting stellar parameters could be determined by the TGMET algorithm (Katz 2001) that lias been integrated to the SPADES code. Thcy can also be provided by the user in an "input parameters" file.

Pre-processing

Each of the three processing steps includes pre-processing tasks. Pre-processing a spectrum includes shifting to rest frame, excluding cosmics, excluding telluric fines, re-sampling the synthetic spectrum to the ground-bases observed spectrum, the convolving the synthetic spectrum to the resolving power of the ground-based observed spectrum, normalizing to continuum and excluding possible unexposed edges of the spectrum. Every functionality remains an option: it can be switched on and off in the configuration file by the user.

Shifting to rest frame is performed by using either a radial velocity provided by the user or that determined by SPADES (see sect. 3.4.2).

The exclusion of cosmics is performed by detecting the fluxes that lie significantly above the continuum and replacing their value by interpolation witli the neighboring pixels.

The wavelengths of the telluric fines were pre-tabulated. These fines are not eut. Their pixels are simply flagged as not valid and are excluded from ail subséquent analysis.

The synthetic spectra are over-sampled. They are re-sampled to hâve the same sampling as the studied spectrum. The re-sampling can be done is two ways: by linear interpolation or by sum. The user chooses the method wanted.

The spectral resolution of the synthetic spectra should be matched to the resolution of the ground-based observed spectrum. To do so, the reference spectra are convolved using a Gaussian profile (valid for slow rotators).

The synthetic spectra are already normalized to continuum. The studied spectrum is itérât!vely fitted with a polynomial function, using a sigma-clipping technique to exclude the fines and cosmic rays from the fit. The degree of the polynomial is defined by the user, depending on the large-scale shape of the spectrum. The studied spectrum is normalized to 1 at the level of the continuum by division by the polynomial. The atmospheric parameters of the template spectrum are chosen by the user. At this stage in the processing, SPADES lias not yet provided estimâtes for the atmospheric pa rameters of the studied source. If no external information is available to guide the clioice of the template, it is likely that there will be a mismatch between the ground-based observed spectrum and the selected template. Monte Carlo method simulations were performed to assess the impact of selecting a template 400 K and 1 000 K warmer than the studied spectrum. The tests were conducted with 200 S/N=50 synthetic studied spectra of solar parameters. In botli cases (400 and 1 000 K offsets), the mismatch leads to a bias of about 0.2 kms-1and no significant change in the précision of the estimated radial velocities (see table 3.1). A bias of 0.2 km s-1represents about l/60f/l of the full width at half maximum (FWHM) and lias a negligible impact on the following steps of the analysis. If, a posteriori, the parameters estimated by SPADES and tliose of the selected template are significantly different, the radial velocity can be re-estimated with a b et ter matching template.

The studied and the template spectrum are pre-processed. The reference spectrum is then shifted step by step in radial velocity over an interval defined by the user. In the tests, we used an interval of -500 to 500 km/s. At each step, the synthetic spectrum is re-sampled to the saine sampling as the studied spectrum. At each step, the corrélation coefficient of the two spectra is calculated:

CCM = if (?(»)-< S >) x (R(i)-<R>) N stdv(S) x stdv(R) (3.1)
where v is the velocity shift applied to the template spectrum, N is the number of valid pixels in the studied spectrum, S (resp. R) the studied (resp. reference) spectrum counts, < S > (resp. < R >) the mean studied spectrum (resp. reference) counts, and stdv the standard déviation:

stdv(X) = (i£>Y«-< X >fŸ'2, (3.2) iV i-0
The corrélation coefficients as a function of the radial velocity shifts form the ctosscorrelation function. The radial velocity of the observed source corresponds to the maximum of the corrélation function. The maximum is derived in two steps. First, the highest corrélation coefficient is found and then a second-degree polynomial is adjusted to the corrélation function in the vicinity of the highest coefficient. This allows one to estimate the radial velocity with a précision better than the step used to shift the template.

The error on the radial velocity détermination, oyr is estimated with the Zucker (2003) formula:

.

2 _ Vr N x C"(m) C{m)2 C(m) 1 -C(m)2 _ (3.3)
where C(m) is the value of the corrélation function at its maximum, C"(s) the value of the second dérivative of the corrélation function at the maximum of the corrélation function and N the number of valid1 pixels in the ground-based observed spectrum.

The performances of the radial velocity estimation of the radial velocity were assessed with a Monte Carlo method. For three S/N: 30, 50 and 100, Giraffe HR13 and HR14B spectra were simulated (200 per SNR) by injecting a synthetic spectrum with Poisson noise.

The synthetic spectrum was a solar-like spectrum in the rest frame. The sanie spectrum, but noiseless, was used as template. Table 3.1 présents the médian and dispersion of the distributions of radial velocities derived by SPADES for each SNR. Because the true radial velocity of the studied spectra is 0 km s-1, the médian of a distribution is an estimate of the systematic error and the dispersion an estimate of the random error.

Sortie non-valid pixels affected by, e.g. telluric Unes, could be excluded from the dérivation of the corrélation function (see Sect. 3.4.1). At any itération, the estimation of each parameter follows the saine logic:

SPADES first calculâtes a 1D grid of synthetic spectra, varying only along the parameter that is estimated. This lD-subgrid is calculated from the large grid of synthetic spectra described in Sect. Each synthetic spectrum is then compared (not globally, but the selected lines) to the ground-based observed spectrum according to the diagnostic appropriate for the parameters to be determined. As an example for Tcnr, the Ha profile of the ground-based observed spectrum will be compared to that of each synthetic spectrum.

The resuit of the comparison is a similarity indicator for each node in the lD-subgrid.

This sériés of similarity indicators as a function of the parameter to be determined form a function that is analyzed (minimized or nulled, depending on the function) for the best sim ilarity value, leading to the best estimate of the parameter to be determined. Interpolation

or polynomial fit allows one to détermine the parameter with a précision that is not limited by the step of the lD-subgrid. SPADES is iteratively searching for the best matching synthetic spectrum in a 3D space (TJ;ff, log .g, and [Fe/H]). In this first version of SPADES, the search is split in three 1D minimizations, rather tlian using a multi-dimensional search method. The motivation is that this facilitâtes visualizing and interpreting the residuals and similarity functions (See e.g. Fig. 3.7) that dépend on a single parameter.

In future versions, it would be interesting to experiment with multi-dimensional mini- If no external information is available, SPADES offers the possibility to perform a fîrst parameterization of the studied source, using the TGMET/ETOILE method [START_REF] Katz | [END_REF], Katz 2001, Soubiran et al. 2003). The results of this fîrst analysis are used as starting values for the itérative parameterization witli SPADES.

The TGMET/ETOILE method is direct (not itérative). It compares a studied spectrum to a library of reference spectra, looking for those most similar in the least-squares-sense.

The parameters deduced for the studied spectrum could either be the parameters of the most similar spectrum or a combination of the parameters of the most similar spectra. Because SPADES is only looking for starting values, it siinply adopts the parameters of the most similar spectrum.

The performances of the SPADES implémentation of the TGMET/ETOILE method (liereafter referred to as SPADES-TE)) were assessed with a Monte Carlo method. Starting from a synthetic spectrum with TM = 5800 K, log g -4.5, [Fe/H] = -1.0 dex (wliich is a node of the grid of synthetic spectra), three sériés of 200 studied spectra eacli were simulated for S/N=100, 50 and 30, respectively, and the resolving power and wavelength range of the Giraffe HR13 and HR14B setups. At S/N-50 and 100, the correct node in the grid is recovered in 100% of the cases. At S/N=30, SPADES-TE returns most of the tirne a solution biased by one grid step in Te(f (i.e. +200 K) and two grid steps in [Fe/H] (i.e.

+0.4 dex).

SPADES-TE was also tested on a Sun spectrum observed with Giraffe HR13 and HR14B setups in twilight conditions. SPADES-TE found Tcff = 5800 K, log g = 3.5 and [Fe/H] = -0.2 dex, to be compared to the canonical parameters for the Sun Teg = 5777 K, log g -4.44, and

[Fe/H] -0.0 dex.

We recall that tire version of SPADES presented here is limited by the GRID of synthetic spectra and by the list of reference lines to the mid-F-G dwarf stars. Future versions of the program will rely on larger grid(s) and on several fine-tuned line lists, which will extend the scope of SPADES.

Line and continuum identification and vertical adjustment For each spectral line, the pixels constituting the line arc dynamically identified using the synthetic spectra. Using the rest wavelength of the line, SPADES starts from its center and agregates pixels in each wing as long as the value of the signal increases. If less than hvc pixels are associated to the line, it is considered too weak and rejected from the subséquent analysis. This parameter is adjustable by the user. Figure 3.5 shows two examples of sets of pixels associated to a line, i.e. green crosses on the figures.

SPADES relies on profiles fitting. This requires adjusting the observed and synthetic spectra on the same vertical scale. It is possible, in the pre-processing, to normalize the overall continuum to 1. This is a global adjustment on the whole spectrum. This is not enough for the comparison of two lines. Therefore, SPADES systematically adjusts locally, line by line, the vertical level of the synthetic line to the one of the observed line.

SPADES first identifies fiat areas (pseudo-continuum) in the synthetic spectrum in the vicinity of the studied line and selects one on each side of the line. It then checks that tliese two areas also correspond to pseudo-continuum in the studied spectrum. If the check is positive, it uses tliese areas to vertically scale the synthetic spectrum on the studied one, by linear régression, i.e. there are two degrees of freedom, vertical scaling, and slope.

If there are no fiat areas in the synthetic spectrum or the studied spectrum contains (a) line(s) in the selected pseudo-continuum, another method is used for the vertical adjlistement. The method dépends on the diagnostic. For ail diagnostics relying on the quadratic sum of the residuals (e.g. the iron abundance, Sect. 3.4.3), the pixels in the lines are directly used for the vertical adjustment (allowing here for a single degree of freedom, the vertical scale). For the diagnostic that relies on the the sum of residuals (i.e. the surface gravity, Sect. 3.4.3), SPADES uses pre-tabulated pseudo-continuum. An exception to this scheme is the Ha line used to dérivé of the effective température, for which the pseudo-continuum and line area are pre-tabulated.

Figure 3.5 shows the local vertical adjustement of a synthetic spectrum (red) to a studied spectrum (black). In the top plot, the pseudo-continuum area (blue circles) were selected automatically by SPADES and were used for the vertical adjustment of the synthetic refer ence spectrum (red line) to the studied spectrum (black line). In the bottom plot, no valid pseudo-continuum area was found. The pixels in the line (green crosses) were used for the vertical adjustment.

Effective température

In this tlresis, the stars considered are mid-F-G dwarfs. The wings of the Balmer lines are very sensitive to the effective température (van't Veer-Menneret & Megessier 1996, Fuhrmann 1998b, 2004, 2008[START_REF] Barklem | [END_REF], Cayrel et al. 2011). In this study, SPADES used the wings of Ha présent in Giraffe setup HR14B to dérivé the effective température.

The core of Ha was excluded because it is less sensitive to Tcf{-variation and poorly modeled, specially using 1D LTE models, which is the case here. (ii) pseudo-continuum sélection (blue circles), and (iii) vertical adjustment of the synthetic reference spectrum (red line) to the studied spectrum (black line). In the top plot, the pseudo-continuum area (blue circles) were selected automatically by SPADES and were used for the vertical adjustment. In the bottom plot, no valid pseudo-continuum area was fourni. The pixels in the line (green crosses) were used for the vertical adjustment.

As presented in section 3.4.3, a 1D grid of synthetic spectra was calculated, differing only by the effective température. After pre-processing and vertical adjustment, each synthetic spectrum was compared to the studied spectrum. For each synthetic spectrum, the degree of similarity of the synthetic Ha wings with the studied one, is calculated as the quadratic sum of the residuals between the pixels in the two lines:

SimHoi = -i?(i))2, (3.4) i=0
where N is the number of valid pixels in the Ha line, S(i) (resp. R(i) the counts of the studied spectrum (resp. référencé spectrum) for pixel i. Surface gravity by "ionization equilibrium"

The ionization equilibrium method is based on the fact that the abundances determined from lines of the sanie élément, but with different ionization stages, sliould be the sanie.

Building on tliis idea, SPADES simultaneously models Fe lines in two ionization stages: Fel and Fell.

Similarly as for Tcç[. a 1D grid of synthetic spectra, differing only by the surface gravity (tins time) was calculated. For each a "degree of ionization equilibrium" (hereafter refered to as "gravity similarity" ) is calculated as where N is the number of valid pixels in the line, S(i) (resp. R(i) the count of the studied spectrum (resp. reference spectrum) for pixel i. where Npei is the number of neutral iron lines in the list of reference lines, Resj is the square of the count residuals for line 1, given by formula 3.6.

The iron content of the source corresponds to the minimum similarity degree. It is found by adjusting a third-degree polynomial through the "iron similarity function''. A thirddegrce polynomial is preferrcd over a second-degree polynomial, because the "iron similarity function" is usually asymmetric: steeper on the metal-rich side tlran on the metal-poor side.

The bottom left plots in Figure 3. where Nx is the number of Unes of the element X in the list of reference lines and Resj is the square of the count residuals for line 1, given by formula 3.6.

The abundance of the element X corresponds to the minimal similarity degree. It is found by adjusting a third-degree polynomial through the element X similarity function.

The bottom right plots in Figure 3. The unidimensional reference grids used to dérivé the stellar parameters are calculated by SPADES by interpolation using a pre-calculated grid. Models and synthetic spectra were calculated using the Kurucz programs ATLAS9 and SYNTHE (Kurucz 2005) ported to GNU-Linux (Sbordone et al. 2004, Sbordone 2005). About 2000 models and spectra were generated over the following range of parameters:

• Effective température: Teff from 4800 to 6800 K with a step of 200 K.

• Surface gravity: logg from 2.0 to 5.5 with a step of 0.5.

• iron abundance: [Fe/H] from -3.0 to 1.0 dex with a step of 0.20 dex.

• Microturbulence: £ = 1 km s-1

The models were calculated with the overshooting option switched off and l/Hp = 1.25.

The convergence of each model was checked. The spectra were calculated for the spectral domain ranging from 600 to 680 nm, corresponding to the Giraffe/VLT HR13 and HR14 setups and a resolving power R -600 000 (SPADES convolves and re-samples the synthetic spectra to the resolving power(s) of the studied spectrum). 

The line lists

The reference lines used to dérivé the surface gravity, iron abundance, and individual abundances were extracted from the line list of Bensby et al. (2003a). We note that the astrophysical oscillator strengths provided by Bensby et al. (2003a) were not used in calculating of the synthetic spectra (see Sect. 3.5.1). For consistency, we used the Kurucz oscillator strengths for ail lines (reference or not).

SPADES performances

To assess the performances of SPADES, three sériés of tests were performed.

The aim of the first sériés was to assess the internai systematic and random errors obtained as a function of the SNR ratio, but independently of the question of the initialization parameters. We also investigated the corrélations between the errors on the different pa rameters.

SPADES proceeds iteratively to dérivé the atmospheric parameters. The second sériés of tests aims to assess the convergence properties of SPADES when it is initialized with parameters that are significantly off the true values.

In the third tests, high SNR ground-based observed spectra were analyzed with SPADES to assess the external errors.

Ail tests were performed for the wavelength range and the resolving power of the HR13 (R = 22 500) and HR14B (R = 28 000) Giraffe setups. The three sériés of tests are presented below.

To visualize the effect of the signal to noise ratio three synthetic spectra having the same parameters but different SNRs are plotted in figure 3.12. They hâve TM of 5800 K, log# of 4.4 and [Fe/H] of -1.0 dex and SNRs: 30, 50 and 100 (used in the sériés of tests in sect.

3.6.1). systematic errors on the iron over hydrogen and titanium and nickel over iron ratios are of about a few milli-dex and are most of the time one order of magnitude smaller than the random errors. The random errors are small, e.g. at SNR=30: less than 30 K for Tefr, 0.15 for log g and a few hundredths of dex for the abundance ratios, we emphasize that these are internai errors accounting only for photon noise. Externat errors are assessed in Sect. 3.6.3. The clearer error corrélation is between the effective température and the iron abundance:

an error of -50 K corresponds to an error of about -0.075 dex. This corrélation, as the others, is intrinsic to the physics of the stellar atmopsheres. While Ha is weakly sensitive to metallicity (van't Veer-Menneret Sz Megessier 1996), the équivalent width of the iron lines is sensitive to the effective température.

'og(g) log(g) 

External errors using ground-based observed spectra

The first and second sériés of tests were devoted to internai errors. The source of noise was Poissonian photon noise. The aim of the second sériés was to assess the external systematic errors. Tliere are several possible sources of external systematics. In particular, the physics of the stellar atmosphères do not reproduce the reality perfectly (e.g. discrepant oscillator strengths, local thermodynamical Equilibrium assumption, 1D modeling of the atmosphère), tliere are usually instrumental calibration residuals (e.g. from bias, flat-field, possibly fringing, etc.) and residuals from the observing conditions (e.g. from sky-subtraction).

The Giraffe solar spectrum

To investigate these problems, we retrieved from the Giraffe archive [START_REF] Royer | SF2A-2005: Semaine de T Astrophysique Française[END_REF][START_REF] Roskar | Astronomical Spectroscopy and Virtual Observatory[END_REF] the higli S/N ratio HR13 (R. = 22 500) and HR14B (R =28 000) observed solar spectrum. The Giraffe solar spectrum was acquired in twilight conditions, which could alter the équivalent widths (Molaro et al. 2008). Moreover, the library of reference spectra used by SPADES was calulated with the Kurucz oscillator strengths (log gf), not with astrophysical log gf, even for the reference lines used by the different diagnostics. We therefore proceeded in two steps to analyze the Giraffe solar spectrum. First the effective température and surface gravity were fîxed to their bibliographie values, i.e. Ter = 5777 K and log g = 4.44, and only the iron over hydrogen and titanium and nickel over iron ratios were determined by SPADES. Then, in a second step, the solar spectrum was re-analyzed, this time reqnesting SPADES to détermine the five parameters Teff, log g, [Fe/H], [Ti/Fe], and [Ni/Fe].

Table 3.6 lists the iron over hydrogen and titanium and nickel over iron ratios derived by SPADES when the effective température and surface gravity were fixed to their bibliographie values TefF = 5777 K and log# = 4.44. The iron over hydrogen and titanium over iron ratios are nnderestimated by -0.08 and -0.09 dex respectively, while the nickel over iron ratio is close to the true value.

Table 3.6: iron over hydrogen and titanium and nickel over iron ratios derived by SPADES for a solar HR13 and HR14B solar spectrum, when the effective température and surface gravity were fixed to their bibliographie values Tbr = 5777 K and log q = 4.44.

[ The solar spectrum was then re-analyzed, requesting SPADES to also détermine Teff and log g. SPADES was initialized with the bibliographie parameters Sun and converged in five itérations. Table 3.7 présents the parameters obtained by SPADES for the Giraffe solar spectrum. The effective température derived by SPADES, 5689 K, is 88 K lower than the biblio graphie température Teff = 5777 K. The surface gravity derived by SPADES, log g = 4.46 is consistent with the Sun's gravity log g = 4.44.

The iron to hydrogen ratio derived by SPADES is underestimated by -0.18 dex with respect to the Sun. Tliere are two main origins for this offset. On the one hand, there is the offset of -0.08 dex reported in table 3.6 that is likely due to the modeling of the spectra, in particular slightly discrepant oscillator strengths, and also to possible équivalent width alterations due to twilight observing, as reported by Molaro et al. (2008). On the other hand, as discussed in Sect. 3.6.1, the error on the effective température propagates into an error on the iron abundance. The offset of -88 I< here propagates into an offset of -0.1 dex.

The titanium and nickel over iron ratios derived when Teff and log g are determined by SPADES are similar to those obtained when Teff and log g were fixed to their bibliographie values. The reason is that the iron, titanium and nickel abimdances are ail similarly affected by the -88 K offset and thereforc the effcct partly canceled ont in the logarithmic ratios of titanium over iron and nickel over iron.

S4N reference spectra

The parameters of the Sun are very accurately known, which makes it a natural target to assess the performances of SPADES. On the other hand, Molaro et al. (2008) reported an alteration of the équivalent widths of the lines in the Giraffe solar spectrum, which was acquired in twilight conditions.

To further test the performances of SPADES with a ground-based observed spectrum, We proceeded similarly, adopting for log g and [Fe/H]the médian over the five most recent déterminations contained in PASTEL. The titanium and nickel over iron ratios were extracted from Valenti & Fischer (2005). The spectra for the five stars were retrievecl from the S4N library (Allende Prieto et al. 2004). They were degraded in resolving power and in sampling and restricted in wavelength to the Giraffe HR13 and I4R14B setups. SPADES converged in two {y And) to four (y Her and a Dra) itérations. Table 3.8 list.s the bibliographie parameters and the parameters derived by SPADES for the five tests stars. Fig. 3.18 displays the températures, gravities, iron over hydrogen and nickel over iron ratios estimated by SPADES versus their bibliographie values. Table 3.9 présents the mean and dispersion of the residuals (SPADES minus bibliographie) on the estimation of the atmospheric parameters as well as the titanium and nickel over iron ratios.

On average, the effective température is recovered with a bias of +46 K. of about -90 K. In addition to the small statistics and the details of the Ha profile fiting, we note that the physics used to compute the grids of models and synthetic spectra differ in several aspects. SPADES relies on Kurucz ATLAS9 models computed with the mixing lengtli parameter 1/HP = 1.25 and SYNTHE spectra (see Sect. broadening by neutral hydrogen collisions of Allard et al. (2008).

The iron over hydrogen and nickel over iron ratios are recovered without significant offsets. The titanium over iron ratio, determined from four Ti lines (without astrophysical log gf adjustement), présents an offset of -0.05 dex. To the limit of the small statistics, the error on Teff shows no trend with Teff.

Line sélection

The elemental abundances determined by us are different from the ones determined by Valenti & Fischer (2005). Tliis is of course due to the methods used, but only partially.

The fact that the lines used to détermine the elemental abundances affect the resuit is not excluded. In fact sonie lines may be not well modelled: log(gf) values could be incorrect, there could be, in one or more of the lines used, poorly modelled blends, etc. Although some décidé to keep the models values, others tend to modify them "forcing" the lines to

give solar abundances for a solar spectrum.

Another way to handle tins issue is to siinply reject lines that seem "discrepant". Tliis is doue in the assumption that the Kurucz models lines log(gf) values are in general faitliful, and that a line that, for ail stars, gives a systematically shifted value of its elenient's abundance is then "discrepant".

The five S4N stars (the sun included) that were used to test, STADES are used to reject such lines. To select the lines to be rejected, the elemental abundances of the different éléments were determined using one line at a time.

For an element, the values of the abundances determined using eacli line are compared as a function of the lines wavelengths.

An example of such "functions" are given in figure 3.19 where the values of [Fe/H] derived from eacli line are plotted as a function of their wavelengths.

[ F e / H ]r e s i d u a l The new values will be compared to the Takeda (2007) values, because this author provides individual elemental abundances for a large number of éléments. This will allow the results to be cohérent (element to element). Table 3.12 gives the values of the elemental abundances found by Takeda (2007). The residuals are in general acceptable, they are good for the Sun. One éléments stands ont: Si with a mean residual of 0.53 dex. Tliis can be explained by the log(gf) used: we compare the Kurucz log(gf) values for these Si lines to the ones used by Bensby et al. (2005).

The différence between Bensby's astrophysical log(gf) and Kurucz's one is very large for ail 7 lines (for ail the éléments except Si). 

Application to Gaia

With about 2 x 106 stars with magnitude V < 12 to be observed using the Gaia radial velocity spectrograph (RVS), the analysis of the Gaia spectra needs automatic spectra anal ysis programs. Figure 3.22 gives a synthetic example of an RVS spectrum. The lines in the spectral domain are identified.

In F-G-K stars, the main feature in the RVS spectral domain is the presence of the 3 Ca II lines. These lines are sensitive to the effective température, surface gravity (the lines are ionized and becomes stronger with decreasing surface gravities, i.e. in giants) and Ca abundances. Tliis will make it difhcult for SPADES to constrain the atmospheric parame-ters relying on the information contained in the RVS wavelength range alone.

On the contrary to the atmospheric parameters, SPADES is perfectly snited to dérivé abundances from weaker lines of, e.g. Si, Fe, Ni and Mg from RVS spectra. A spécial care should be taken in optimizing SPADES processing speed, because of the very large number of spectra that will be collected by the RVS.

Calculations: t5750g450w8480w8750.prf Chapter 4

The data

The main goal of my thesis is to détermine, Fe, Ca and Ti abundances of stars outside of the solar neighbourhood. To do so a sample of stars was selected such as to bave, in the final sample, a nmnber of Disk stars witli liigli Galactic: altitude (Z). The sélection of the.se stars will be detailed in tliis Chapter. The stars were observed spectroscopically with a higli résolution inulti-fibre spectrograph. The stops of the data réduction will be presented.

Before analysis, potential binaries were rejection.

Target sélection

The stars were selected as to, once chemically and kinematicaly characterised, they answer to the question of the Chemical évolution and kincmatics patterns of the Galactic thick disk on a kpc scale. More precisely, they shonld allow the détermination of a-elements abundance ratios in the Galactic thin and thick disks outside the solar neighborhood (galactic distance around 1.0 kpc) and in the direction of the Galactic center.

Sélection details:

• Field: Two fields of view were chosen for the observations in the Galactic direction:

1 = 357°, b = -39°. They were chosen to be high enougli in Galactic latitude to get a sample with thick disk stars, and not suffer too much from interstellar extinction that is strongest close to the Galactic plane. At the sanie time the fields are low enough for the sample not to be much contaminated by Halo stars.

• Magnitude:

The stars were selected to hâve magnitudes between 15 and 17. In this range of magnitudes, and for mid-F, G typed stars, this would allow to hâve in the sample, stars with distances to the Galactic plane liigher than 1 kpc. This is needed because the goal of this work is the Chemical characterization of the Disk outside the solar neighborhood.

• Other: No colour, kinematics, nor metallicity sélections were made. The sample is thus nnbiased.

The list of the stars selected is given in the table of appendix B.

The observations

The data used are spectroscopic data observed by the FLAMES-GIRAFFE@VLT spectro graph. The FLAMES spectrograph is a multi-object spectrograph with a field of view of 25'. It lias 3 fiber modes: médusa, IFU, and argus. Giraffe uses the médusa fiber mode.

This mode uses 132 libers, of 1.2" diameter each. Tliey are usually positioned such as about 10 % of the fibers are on the sky and the otlrers on objects. For our observations, in each field 115 fibers were used on stars. So for each field 115 stars were observed at a time. The sky fibers will later lrelp subtract effects due to the sky. The CCD (charged-coupled device)

detector lias 2000*4000 pixels. The raw spectra of the 132 fibers are aligned on the detector witli a spectrum-to-spectrum séparation of about 12 pixels. Tliese raw spectra are reduced to be later analyzed. The data réduction is described in the upcoming section 4.3.

For each field two high resolution setups were used: The setups used hâve spectral domains that include a reasonable amount of Fcl, Fell and Ca lines. In fact many Fel lines are needed to détermine more precisely the [Fe/H] .

Fell lines are needed for the détermination of the log g. And Ca being selected as the a element to study, many Ca lines are needed. Another advantage of the setups is that the HR14 setup includes the Ho.' line wliicli will be very important for the détermination of the effective températures witli a high précision. The high resolution allows the détermination of detailed abundances.

Data réduction

The basic stops of the réduction of multi-fiber spectroscopy data are : correcting for cosmetic effects, locating the data on the detector, determining instrument/response through flat-field, scattered light correction, wavelength calibration, extraction of the science data, and sky subtraction.

Correcting for detector cosmetic effects includes substrating the bias level, subtracting the dark, eliminating bad pixels and cosmic ray hits, and correcting the pixel-to-pixel vari ation.

The Giraffe detector collects the light of 132 fibers at a time. The lights of ail fibers are arranged side by side along the spectrograph and are thus recorded side by side on the de tector. This is why fiber localization is needed. An exposure where ail fibers are illuminated is used to do so. This saine exposure is used to extract the flat-field spectrum. It will allow the correction of pixel-to-pixel variation, and the instrument response.

Part of the light received by the fiber is scattered in the spectrograph. The scattered light correction aims to correct this effect as well as possible.

The raw data are in pixels. The information needed to transform them into wavelengths is read in the header dnring the wavelength calibration phase.

The extraction and calibrations are done on the flat-field as well as the science data.

The last phase, if judged necessary, is the sky subtraction. Sky spectra are taken at the same time as the science data, using a small part of the fibers. 1 used the esorex library of the ESO pipeline to reduce the data, more precisely the gimasterbias, gimasterdark, gimasterflat, giwavecalïbration, and giscience fonctions (GIRAFFE Pipeline Team, 2010, GIRAFFE Pipeline User Manual", VLT-MAN- ESO-19500-3883).

The réduction process is summarized in Figure 4.1.

Radial velocities

For the stars selected, the radial velocity is the mean of the radial velocities determined using the different observations. It is transformed into heliocentric radial velocities using the ESO pipeline routine. In figure 4.2 is plotted the distribution of the radial velocities.

The galactic direction the data were taken in: 1 = 357°, b = -39°. Figure 4.3 shows the direction of the radial velocity vector in the the (U,V,W) System. The observations are made in the galactic center direction. In conséquence the radial velocity lias a negligible V component. This means that the séparation of stars into sub-populations using the velocity in the galactic plane is not possible for our data. 

Sélection of single, "well behaving" stars

For most of the stars observed, 4-5 observations per setup were made. SPADES is not capa ble, for the time being, to accurately analyse spectra of binary and/or variable stars. Stars suspected to be binaries and/or variables are rejected. This is done in two steps that will be details in what follows.

A first sélection of the stars was done visually: ail the reduced spectra were plotted and observed. Three stars had a doubled Hcr line which is usually a sign of a binary star. One star had an Hcr in émission. Two stars spectra suffered strongly from a know defect in the CCD at the time of the observations : a flare near one its edges. These stars were rejected.

Table 4.1 gives the list of these stars. 

Bad coliunn spectra

The radial velocity is then determined using a solar like synthetic spectrum with -1.0

[Fe/H] template. This is doue for each observation for ail the stars observed.

Vr dispersion distribution 0 2 4 6 8 10

Vr dispersion (km/s) The next sélection is done over the determined radial velocity dispersion. Figure 4.4

gives the distribution of the determined radial velocities dispersions zoomed between 0 and 10 kms/s. Taking into account the S/N ratios of the spectra and the précision of the radial velocity détermination method, any star having its radial velocity values, determined using its individual observations, dispersed by more than 2 km/s is rejected. This too can be a sign of binarity or variation is the star. Another reason for a strong dispersion is if the signal-to-noise ratio for this star is too low. Table 4.2 gives the list of these stars. 

Observations combination

Using the determined radial velocities, the individual observations were shifted to rest frame, then the observations per star are summed, HR13 and HR14 setups separated. The distri bution of the signal to noise ratios of the combined spectra are sliown in figure 4.5.

Spectra analysis

The data are finally analysed by SPADES. The radial velocities are presented, followed first by the stellar parameters (Teff, log.g, and [Fe/H]) then by the elemental abundances. The zéro points of the abundances are discussed. At last the distance of the stars are determined.

Ail these results are analysed and interpreted. 

Atmospheric parameters and abundances

There are no external informations to dérivé input parameters to give to SPADES. For the selected stars TGMET détermines a first estimation of the stellar parameters Teg, log g, and [Fe/H]. Using this estimation SPADES détermines the final values of these parameters.

From the selected stars, 43 stars seem to hâve parameters outside or close to the borclers of the reference grid. 17 of these stars hâve log g superior to 5.5. 8 stars hâve log\g less than 2.0. 10 stars hâve températures less than 4800 and 4 hâve Teff liigher than 6800 K.

Note that some of these stars had a combination of the 2 cases: for example 5 of the stars having log g liigher than 5.5 hâve Teg less than 4800 K. The full list of ail the stars (before sélection) with tlieir coordinates is given in Appendix B. The data were analysed with botli the old line list and the new one (see 3.7). The metallicities did not get significantly affected by the absence of the two rejected lines. For Ca, the trends reflect a general increase of the values. This effect was expected, because the line rejected tended to decrease the resuit abundances.

The analysis performed here is not differential to the Sun. In particular the log(gf) used are not astrophysical. We tlius tie the abundance scale to a reference scale that will allow us to compare our values other authors'. We thus scale our abundance on the 5 S4N stars using the Takeda (2007) values.

The hvc S4N stars were also used to déterminé thèse zéro points. The values determined by SPADES were compared to those determined by Takeda (2007) who determined, arnong other properties, the elemental abundances of 15 éléments (Na, Mg, Al, Si, S, Ca, Sc, Ti, V, Cr, Mn, Co, Ni, Cu, and Zn) of 160 F, G, and K disk dwarfs and sub-giants with -0.6 < [Fe/H] < +0.4. Table 3.12 gives the values determined by Takeda. Mean différence of the elemental abundances values derived by SPADES and by Takeda (2007) for the five test stars is then calculated.

These values are given in table 4. I also developed a module to dérivé the sources' absolute magnitudes from their atmospheric parameters. The absolute magnitudes are then combined to their with the apparent magni tude to calculate the distances. Tins module relies on stellar isochrones. The âge is fixed to II Gyrs for ail the stars. Tliis assumption is bases on the fact that the sample is dominated by thin and tliick disk stars. Using the determined [Fe/H] of the stars, the closest isochrone (in [Fe/H] and âge) is selected. In this isochrone, the points having effective températures within 100 K of the star's température are selected. The log g is used to discriminate between absolute J magnitudes. The isochrones used are Girardi isochrones (Marigo et al. (2008), http://stev.oapd.inaf.it/cgi-bin/cmd). and after (red) the zéro point shift.

and is not corrected. Tliis considération is basecl on the fact tirât the observations are at high latitude (1 = -39).

Using the observed apparent magnitude mj of each star, the distance D in pc is determined using the distance-magnitude formula:

D = io0'2*^mj~J+5\ (4-1)
The method was tested on 14 stars with very well determined Hipparcos distances taken from Valenti & Fischer (2005). The distance to the Galactic plane \Z\ is thus equal to D*sin(-39°). The mean distance to the galactic plane of the studied stars is found to be of 880 pcs, with a tail going up to around 2000 pcs. This validâtes the magnitude sélection of our stars and assures the presence of stars from outside the solar neighbourhood in the stellar sample of this study.

Error bars

To estimate the error over each parameter détermination one must take the random and systematic error s. For a star, the final value of the random and systematic errors over the distance are given as the square root of the quadratic sum of ail the errors over ail parameters.

The effect of the systematic over Teff is then estimated: the resuit mean systematic percentage error for the distance is of 4 %.

Chapter 5

Results

In this section are examinée! the Chemical characteristics of the disk both in the vicinity of the Sim and at distances to the Galactic plane where the thick disk dominâtes (\Z\ > 1 kpc).

We start by examining the metallicity distribution function (5.1). We then study the vertical évolution of the metallicity distribution function (5.2). In sub-section 5.3 we consider the [Ca/Fe] and [Ti/Fe] properties in the solar neighbourhood and compare these properties to those at higher Galactic altitudes in sub-section 5.4. The interprétation in the context of the formation of the Galactic disk are done in sub-section 5.5. The dominant feature in this MDF is a peak at -0.5 dex. Several authors find a mean metallicity for the thick disk close to this value. A few values of the mean metallicity for thick disk (or corresponding mode) stars at Galactic altitude lower than 1 kpc were given in table 2.5. Soubiran et al. (2003) find a mean thick disk metallicity of -0.48 ± 0.05 dex. Katz et al. (2011) détermine mean metallicities of stellar samples at different Galactic al titudes \Z\ and find -0.52 dex for Galactic altitudes from 0.5 to 1.0 kpc and -0.54 dex for Galactic altitudes ranging from 1.0 to 1.5 kpc. Kordopatis et al. (2011) find a mean thick disk metallicity of -0.45 dex. 1 The main feature detected can most likely be associated to the thick disk. This reflects the expected large fraction of thick disk stars in our sample.

Disk metallicity distribution function

In Figure 5.1 the MDF decreases smoothly from [Fe/H] of-0.5 to -1.4 dex. In particular, it is interesting to note that it shows no gap or sharp discontinuity in metallicity arouncl

[Fe/H] of -1.0 dex, i.e. in the domain of transition between the thick disk and the inner halo. The stars below [Fe/H] of -1.0/-1.2 dex could be interpreted in several ways. Tliey could belong to a metal-poor tail of the thick disk (Ivezic et al. 2008, Ruchti et al. 2011), to a new intermediate population, a métal-weak thick disk, as reported by Carollo et al. (2010) or to the "inner halo" stars. Neither the metallicity nor the Chemical abundances seem very efficient to entangle "inner" halo and thick disk stars. In their sériés of papers, Nissen Sz This MDF shows a lack of high metallicity stars (no stars above [Fe/H] > 0 dex). In the SDSS (Ivezic et al. 2008, Bond et al. 2010) 

Disk metallicity vertical structure

As previously mentioned, an important part for understanding how the Milky Way was formed is to study its vertical structure, in particular possible vertical metallicity gradi ent. Different galaxy formation scénarios as well as different observations give different results. For example thick disk stars that would hâve been accreted bave no reason of presenting a metallicity gradient because the stars are accreted randomly and any gradient would be smoothed. Tliere is "a priori" no reason for thick disk stars resulting from heating to présent a vertical metallicity gradient. Nonetheless a pre-existing gradient could survive the dynamical friction but this will dépend on the incidence angle of the merger for example. The sample is a mix of thin and thick disk stars with a possible contribution by halo stars.

The scale height increases as metallicity decreases. This is expected in the classical rnodel of décomposition of the disk into a métal ricli thin disk with a small scale-height, and a metal-poor the thick disk with a larger scale-height.

Giraffe (123 stars)

[Fe/H] (dex) inâtes and above it where the thick disk is the dominant sub-component. The previously detected bump at -0.25 dex disappears at \Z\ higher than 1 kpc. Tliis is expected if this bump corresponds to a majority of thin disk stars. Very few thin disk stars are expected at \Z\ higher than 1 kpc. The main peak shifts from -0.5 dex to -0.7 dex when going from \Z\ lower than and higher than 1 kpc. It is not possible to détermine whether this shift reflects the transition between the thin and the thick disk sub-components and/or a metal licity gradient in the thick disk. More and finer \Z\ bins are needed to interpret the shift.

Splitting the sample into more than two bins leaves a too low number of stars per bin. To split the sample into more bins one must average the information and so we compute mean

[Fe/H] for \Z\ star bins of 500 pc. The sample is divided into 5 bins: \Z\ < 500, 500 < \Z\ < 1000, 1000 < \Z\ < 1500, 1500 < \Z\ < 2000, and \Z\ > 2000 pc. For each bin the weighted mean metallicity and the mean \Z\ are calculated. The weighted mean metallicity in a bin is given by the équation:

( et al. (2009) do not detect a gradient in the thick disk. 3Tlie observations werc donc at l=-39 and a detected gradient can reflect a radial or a vertical gradient. Ivezic et al. (2008) show, using SDSS, that the vertical metallicity variations are much stronger than the radial one. Several authors hâve studied a éléments in the solar vicinity. Here we compare our data to three authors Bensby et al. (2005), Takeda (2007), and Neves et al. (2009). The three studies will now be presented. To better understand if/how the "increase of the scale height with increasing [Ca/Fe] and [Ti/Fe]" is connected with [Fe/H], the altitude of the stars (\Z\) lias been plotted as a function of tlieir metallicty, with colours coding the enrichments in [Ca/Fe] (Figure 5.9 left) and in [Ti/Fe] (Figure 5.9 right). In botli plots, the succession of the colours (with sonie overlap between them) show an increase of [Ca/Fe] and [Ti/Fe] from right to left, i.e. with decreasing metallicities. This is another way to visualize the growing over-abundance of the alpha éléments with decreasing metallicity, as discussed in section 5.3. From figure 5.9, one can see that the scale height increase with [Ca/Fe] and [Ti/Fe] is the "consequence,,A of 4The terni "conséquence" is here between quotes, because it is equally valid to say that the increase of To answer tliem, the sample lias been divided in 2 groups: i.e. the first made of the stars located at less than one kilo-parsec from the plane and the second of the stars more than 1 kpc distant. The positions of the stars of the 2 groups in the [Ca/Fe] vs. [Fe/H] and [Ti/Fe] vs. [Fe/H] planes were then compared. This is sliown in Figure 5.10, where "nearby" stars (rend implies an increase of the scale height with decreasing metallicity. (\Z\ < 1 kpc) are represented with black dots and " distant" stars (\Z\ > 1 kpc) with red dots.

For \Z\ > 1 kpc, there are very few stars (i.e. 3) with [Fe/H] > -0.5 dex, as discussed in section 5.1.

For metallicities [Fe/H] < -0.5 dex, the distributions of "nearby" (black dots) and "faraway" (red dots) stars overlap in both [Ca/Fe] vs. [Fe/H] and [Ti/Fe] vs. [Fe/H] planes.

Botli the slopes and alpha-elements over-abundances are similar at short and long distances from the Galactic plane.

The relation between the alpha-elements and iron abundances traces the relative con tribution to the Chemical enrichment of the inter-stellar medium from type II and type la supernovae during the formation of the thick dise. The absence of a visible significant variation of the Ca and Ti over-abundance trends with the distance to the Galactic plane, suggests that for a given metallicity interval5, the same proportion of super-novae of type II and type la lias enriched the gas cloud(s) which hâve formed the thick disk stars that we see today distributed from the Galactic plane up to 2 kpc height (at least). 

Constraints to the thick disk formation scénarios

The analysis of our sample lead us to suspect in the thick dise a vertical metallicity gradient of A[Fe/H}/A\Z\ = -0.19 ± 0.14 dex.kpc-1, with a 1.4 a significance (section 5.2). A vertical gradient favours sorne thick disk formation scénarios and disfavours others:

• In a formation of the thick disk through a (quasi-)monolithic collapse a vertical metallicity gradient could be formed, if the collapse is not too fast. It should allow several consecutive générations of stars to be formed from gradually enriched gas and with lower and lower scale heights. Similar conditions are needed for a gas-rich building blocs scénario to explain a vertical metallicity gradient.

• The presence of a vertical metallicity gradient in the thick disk is also compatible with a formation through dynamical heating during minor mergers, but under several conditions: a gradient should exist in the primordial disk and not too much radial mixing should occur.

The survival of the gradient also dépends on the incidence angle of the merger(s).

• In a secular mixing due to bars/arms scénario, if the mixing is sufficient enough to increase the scale-height, a metallicity gradient could be formed. In fact more métal poor stars being subject of tins diffusion for a longer time, tliey would end up on higher scale heights.

• In the scénario wliere the thick disk would be accreted there is no reason for a vertical metallicity gradient silice the stars are reshuffled during the merger.

Our sample show no significant évolution as a function of the distance to the Galactic plane of the relation between the calcium (resp. titanium) over-abundance and iron (sec tion. 5.4). This suggest that the thick disk stars, in a given metallicity interval, were formed from gas enriched by the same proportion of type II and type la supernovae, whatever their altitude today6. Are the different thick disk formation scénarios compatible with this constraint?

• In the case of a (quasi-)monolithic collapse, vertically homogeneous Star Formation Rate (SFR) and Initial Mass Function (IMF) are necessary to obtain o-elements over-abundances independent of altitude7. Efficient gas mixing mechanisms could compensate some SFR and/or IMF inhomogeneities. Similar, conditions should be présent in a gas-rich building blocs scénario.

• If no vertical dependence of the a-elements over-abundances8 is présent in the primordial dise, a thick disk resulting from the dynamical heating by a minor merger (s), should show no dependence neither. On the contrary, if a dependence exist, as discussed above for the vertical metallicity gradient, under some conditions, it could survive the dynamical heating.

• If the thick disk is made of stars accreted from a satellite, no dependence of the «a-elements over-abundances with altitude is expected9.

These two constraints considered together, favour (quasi-)monolithic collapse, gas-rich building blocs scénarios or dynamical heating by minor merger(s), while the vertical metal licity gradient would disfavour a thick disk formed of stars captured during a merger event.

°within the limits sampled by our stars, about 2 kpc from the plane. Examining the stars located at less than 1 kpc from the Galatic plane, the [Ca/Fe] and [Ti/Fe] ratios show the increase with decreasing [Fe/H] reported by previous studies in the solar neighbourhood (e.g. Reddy et al. 2003Reddy et al. , 2006)) et al. 2005, Takeda 2007, Neves et al. 2009). Small différences between the different authors (us included) might corne from the différences in the spectra analysis techniques, the spec tral domains, the lines, log gf, and the model atmosphères used.

The main resuit of the analysis is that the relations between [Ca/Fe] and [Fe/H] and [Ti/Fe] and [Fe/H] show no significant différence close {\Z\ < 1 kpc) and far away (\Z\ > 1 kpc) from the Galactic plane. This suggest that thick disk gas and stars todays located within 2 kpc from the Galactic plane (at least) hâve been enriched by the same proportion of type II and type I super-novae.

The Chemical characteristics of the disk support scénarios where a vertical metallicity gradient might be formed and/or survive and where the a;-elements over-abundance trends are the same close and far from the Galactic plane. These results support thick disk forma tion scénarios like (quasi-)monolithic collapse, gas-rich accretion or dynamical heating and disfavour a thick disk formed of stars captured during a merger event.

To confirm the properties observed and better understand their significance and impli cation in constraining the formation of the Milky Way thick disk, one needs to separate sub-components. One way to do so is using kinematics (i.e. velocities) and dynamics (e.g. eccentricities). Tire first step to continue this study would therefore be dctermining the velocities of our stellar sarnple. This requires proper motions measurements. The recently published UCAC4 contains proper motion for more than half of our stars. They will allow for the séparation of the sarnple into thin/thick disk and halo stars. The vertical metallic ity gradient could then be calculated over each component validating or not the existence of a vertical metallicity gradient in the Galactic thick disk. The Chemical trends of each component will also be compared to examine whether there is Chemical continuity or a clear séparation in the disk.

The analysis tool, SPADES, could also be developed further. New functionalities (e.g. micro-turbulence détermination) and line lists (e.g. with astrophysical log gf) might be aclded. A bigger référencé grid, covering larger parameters ranges (e.g. several alpha-

A.2 Tellurics exclusion

Ail the telluric Unes that are in the spectral domain of the data were found in the Roland solar atlas and excluded from the analysis. The exclusion is doue by the software, using a secondary vector where a pixel that is "valid" is flagged as 1 while the "invalid" pixels are flagged as 0. Pixels flagged as "invalid" are not used in the analysis. The pixels corresponding to a tellurics line's center wavelength value and the ones at plus or minus half its wiclth are flagged as invalid. They are not used for the rest of the analysis. Like previously mentioned, for the détermination of the elemental abundances, a 1D reference grid is calculated on-the-fly. This process will be detailed in this section.

At the point of determining the elemental abundances, the studied star's parameters are determined or read. The 1D reference grid to be calculated should hâve these parameters.

To calculate stellar rnodels and synthetic spectra, intermediate data are needed. These data are the Opacity Distribution Functions (ODFs) and the opacity coefficients files (hereafter the Krossiand files). A pre-calculated grid of ODFs and KTOSSiand was retrieved from the Castelli page (ref). An ODF dépends on the metallicity and the micro-turbulence. A Krossiand dépends on the metallicity. Scripts allowing the interpolation of these functions were also retrieved. SPADES calls these scripts and interpolâtes the right functions to hâve ODFs and KrossiaTld functions at the star's metallicity. Using these functions, SPADES calls the model calculation script to calculate the wanted model. SPADES then modifies this rnodel, for each element, by changing in it the abundance of the element which abundance is to be determined. This is done as many times as the needed values of the elemental abun dance. Then, using the new models as input, SPADES calls the last script that calculâtes the 1D reference synthetic spectra.

The location of the input and output auxiliary data is defincd in the "spades.conf" file.

A.4 Line and continuum limits détermination

The line and continuum limits déterminations are essential for the spectra analysis. The determined continuum patches are used for the continuum normalization and adjustment.

The determined line limits are used for the similarity coefficient calculation. Except for the Hcr line, the line and continuum limits are automatically determined by SPADES.

We remind the reader that for each stellar parameter détermination, a 1D reference grid, varying over this parameter only, is calculated by linear interpolation of pre-calculated syn thetic spectra. For the elemental abundances, a 1D synthetic spectra grid, varying over this element's abundance only, is calculated on-the-fly. Hereafter we refer to these grids as the "1D reference grid'.

In a first phase, the line and continuum limits are determined using the 1D reference grid:

1. Using the lines central wavelengths, their central pixels are located. Moving from the center of the line and ont, a gradient method détermines the bine and red line limits.

This is done over the synthetic spectra of the 1D reference grid. The largest line width value (between the line widths determined over the synthetic spectra) is adopted.

2. From the line limits pixels, and moving out, continuum patches are determined. That is also done over the synthetic spectra. The broadest continuum patch, common to the reference spectra, is adopted. If no continuum is found for a line, the line itself will be used for level adjustment. This is true for ail parameters détermination except \ogg for wlrich, in this case, the line limits are imposed by the software. This is due to the fact that for this parameter détermination, residuals (as opposed to squared residuals) are used, and using the line for the continuum adjustment will false the results (see figure 3.5).

The second phase consists of excluding lines that are two small to use. These lines are excluded for good.

The third phase validâtes (or not) the continuum patches. The method rnakes sure the continuum determined using the synthetic spectra is a continuum patch in the studied spectrum too. Again, if this is not the case, the line is used for the level adjustment of the spectral domains.

A.5 Outputs

The resuit parameters are written in the "resuit.dat" file in this order: Spectrum name, radial velocity (km/s), radial velocity error (km/s), Teff(K), logg, [Fe/H](dex), microturbulence (km/s), followed by a list of element symbols and their abundances (dex), and the number of itérations used for the stellar parameters détermination. The name of the resuit file is chosen in the program.

In the configuration file the user can chose to write, or not, output files that can be useful for understanding the intermediate steps of the analysis and the final resuit. These output files are written in a .zip file.

A few examples of these output files are:

• The corrélation function: radial velocity sliift (km/s) and corrélation coefficient. If multiple spectral domains are analyzed at a tirne, multiple corrélation function are available.

• The continuum adjusted observed and reference spectral domains. They are also available for ail the éléments wliicli abundances were determined.

• The residuals for ail the lines for ail the reference spectra used and for each parameter.

The files give: the value of the reference spectrum for the parameter being determined, the lines wavelengths, and the residuals.

• The minimization or zéro point détermination fnnctions, depending on the parameter being determined.

Ail the files related to the stellar parameters détermination are available for ail the 
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 2 Figure 2.1 gives an artistic représentation of the Milky Way.
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  Figure 2.1: An artistic view of a Milky Way.CREDIT:

  determined the a-enhancement of the bulge by detennining [O/Fe] and [Mg/Fe] as a function of [Fe/H]. Botli articles detect an aenhancement at low [Fe/H].

  's parameters show a thick disk going higlier and further ont than the tliin disk, Bensby et al. (2011a), for example, show that the thick disk is "fluffier" in the vertical direction, and "shorter" in the radial direction. The values of the scale heights vary with different authors and observations. These values might be different if different types of stars are used: Kong &; Zhu (2008) found a tliin disk scale height of 103.1 ± 3.0 pc when O-B type main sequence stars are used and of 144.0 ± 10.0 pc when horizontal brandi stars are used. Reylc et al. (2009) investigate the overall structure of the stellar Galactic external disk.

  Figure 2.2: [Ca/Fe] vs [Fe/H] for three authors: Bensby et al. (2005), Takeda (2007), andNeves et al. (2009) 

  qualitatively agréés with the prédictions of theSchonrich & Binney (2009a) model. The existence of transition populations is an important supporting argument to stellar migration.Haywood (2008) identified a sample of stars having thick disk kinematics, [a/Fe] < +0.1, with thin disk âges (range 8-12 Gyrs). He assigns a status of transition objects between the two disks and suggests a smootli formation of the thick disk.Trevisan et al. (2011) analyse old métal rich stars in the solar neighborliood and find thick disk stars having maximum distances to the Galactic plane of 380 pc which is considerably lower than typical thick disk stars distances. They determined a-elements abundances and show that the determined Oxygen abundances correspond to bulge or inner disk origins, supporting the radial mixing and dynamical effects of the bar and/or spiral amis scénario.Bovy et al. (2012c) use [a/Fe] as a proxy for âge. They find that older disk sub-populations are more centrally concentrated, also bringing back the question of the rôle of radial migration. Based on high-resolution spectra,Bensby et al. (2011a) were able to détermine elemental abundances for 20 red giant stars located at Galacto-centric distances between 9 and 13 kpc. Their results show no radial âge, metallicity, or abundance gradients in the thick disk. Radial migration of stars could explain these lacks of gradients. On the other side, having found a too large metallicity gradient,Karatas & Klement (2012) exclude

  2012). LAMOST is a Chinese national scientific research facility operated by NationalAstronomical Observatories, Chinese Academy of Sciences (NAOC). It is a spectral survey of millions of objects in mu ch of the northern sky. One of the scientific goals of LAMOST is understanding the formation and évolution history of galaxies, especially the Milky Way. The LAMOST Experiment for Galactic Understanding and Exploration (LEGUE) is the component of the survey that takes care of tliis part.

  PArameters DEtermination Software) is a newly developed automatic spectra analysis program. It is the resuit of a contribution between me, the author, my PhD advisor David Katz, and my collaborators Piercarlo Bonifacio, Elisabetta Caffau, and Luca

  opposed to mean metallicities, SPADES détermines iron and individual éléments abundances. To dérivé of the individual abundances SPADES calculâtes on-the-fly atmospheric models and synthetic spectra for the values of Teff, \ogg, [Fe/H] it had determined (see sect. 3.4.4). SPADES can simultaneously analyze various spectral domains (possibly with different resolving powers) of the saine target, e.g. different Giraffe setups, or different orders of an echelle spectrograph, or even spectral domains collected with different spectrographs.

  Figure 3.2: Observed Giraffe/VLT (IIR14B setup) Sun spectrum before normalization, with the polynomial fit shown as a thick blue line (top) and after normalization (bottom)

  Figure 3.3 shows the cross-correlation function obtained for a synthetic studied spectrum of solar parameters (Terr -5777 K, log g = 4.44 and [Fe/H] = 0.0 dex) and S/N = 100 (Poisson noise) and a noiseless synthetic template with the same atmospheric parameters.

  Figure 3.3: Top: Corrélation function for a synthetic studied spectrum of solar parameters (Teff = 5777 K, logp = 4.44 and [Fe/H] = 0.0 dex) and S/N = 100 (Poisson noise) and a noiseless synthetic template with the saine atmospheric parameters. Bottom : A zoom around the resuit radial velocity: 0.0 km/s. The blue line is the fit around this value.

  3.5.1. The grid is linearly interpolated to the fixed values of the other parameters. As an example, at the start of itération n, the starting values for the atmospheric parameters derived from itération n-1 are Teft -5743 K, log g = 4.42, and [Fe/H] = -0.02 dex. The first parameter to be determined in itération n is Teff. A lD-subgrid is linearly interpolated for Tc^ranging from 5200 to 6200 K by step of 200 K and log g = 4.42 and [Fe/H] = -0.02 dex.
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 3 Figure 3.4 summarizes the SPADES stellar parameters détermination algorithm.
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 3 Figure 3.4: The SPADES stellar parameters détermination algorithm

  Figure 3.5: Two examples: (i) pixel identification in the reference line (green crosses),
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 3 Figure 3.6 shows the comparison of the Ha wings in the studied spectrum (black line)with the 1D grid of synthetic spectra (red lines) ranging here from 5000 (narrowest wings) to 6600 K (broadest wing). The pseudo-continuum area is labeled with blue dots and the valid pixels in the Ha wings are identified with green crosses. The bottom plot is a zoom on the blue wing.

  Figure 3.6: Comparison of the Ha wings in the studied spectrum (black line) with the 1Dgrid of synthetic spectra (red lines) ranging here from 5000 (narrowest wings) to 6600 K (broadest wing). The pseudo-continuum area is labeled with blue dots and the valid pixels in the Ha wings are identified with green crosses. The bottom plot is a zoom on the blue wing.
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 3 Figure 3.9 shows an Fel line (top, green crosses) and an Fell line (bottom, green crosses), used by SPADES to détermine log#. The studied spectrum (log g = 4.5) is denoted in black and the red lines are the synthetic reference spectra of the 1D subgrid ranging from log g -

  Figure3.9: Fel line (top, green crosses) and an Fell line (bottoin, green crosses), used by SPADES to détermine log g. The studied spectrum (log g = 4.5) is given in black and the rcd lines are the synthetic reference spectra of the 1D subgrid ranging from log g = 2.0 to 5.0 by step of 0.5.

  Figure 3.10: Plot of the synthetic spectra forming a unidimensional grid with To(r = 5800 K, log# = 4.50 and varying over [Fe/H]with [Fe/H]= [ -0.6, -0.4, -0.2, 0.0, 0.2, 0.4, 0.6] dex from bottom to top.

Figure 3 .

 3 Figure 3.10 plots a unidimensional reference grid with Te^= 5800 K, log g = 4.50 and varying over [Fe/H]with [Fe/H]= [ -0.6, -0.4, -0.2, 0.0, 0.2, 0.4, 0.6] dex. Such a grid can be, for example, used for the détermination of [Fe/H] of a solar like star.
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 3113 Figure 3.11: Distributions of the Tcrr (top left), logg (top right), [Fe/H] (bottom left) and [Ni/Fe] (bottom right), estimated by SPADES for 200 SNR=50 simulated HR13 and HR14B Giraffe spectra. The true parameters are 7Rr = 5800 K, log g = 4.5, [Fe/H] = 0.0 dex, and [Ni/Fe] = 0.0 dex

[

  Figure 3.14: Extract of three synthetic spectra of metallicity [Fe/H] =0.0 dex (blue), [Fe/H] =-1.0 dex (red), [Fe/H] =-2.0 dex (black), showing the influence of the metallic ity on an Fe I line (top left), an Fe II line at 6456.39 Â (top right), a Ni I line (bottom left) and a Ti I line at 6258.11 Â (bottom right).

  33 converged stars, [Ti/Fe] and [Ni/Fe] ratios were derived for 21. Below ametallicity of about -1.4 dex (the précisé value is a function of Tefr), the lines contained in the HR13 and HR14B become too weak to dérivé the abundances. This is illustrated by the bottom left and bottom right plots in Figure 3.14. At [Fe/H]= -1.0 dex (red line), the Ni and Ti lines (at 6258.11 Â) are already weak and at [Fe/H]=-2.0 dex they are not visible anymore.

  the spectrum were Teff = 5992 K, log .g -4.4, [Fe/H] = -0.3 dex, [Ti/Fe] = 0 dex and [Ni/Fe] = 0 dex. SPADES analyzed the spectrum a first time, starting from its true parameters and found TRf = 6025 K, log g = 4.35, [Fe/H] = -0.26 dex, [Ti/Fe] = 0.04 dex and [Ni/Fe] = 0.05 dex. SPADES then reanalyzed the spectrum another 50 times, but with starting parameters randomly ehosen following uniform distributions centered on the true parameters and widths of ± 500 K (Teff), ± 0.5 (log#) and ± 0.4 dex ([Fe/H]). The volume in the parameters space considered for the initialization is larger, i.e. conservative, with respect to the estimated performances of SPADES-TE (see Sect. 3.4.3).

  Figure 3.16 shows a zoom on the red wing of the Ha line from the Giraffe HR14B solar spectrum (black line). Two synthetic spectra are overplotted: in red a synthetic spectrum with Tcff = 5689 K and in blue Teh = 5777 K (the values of the other parameters are those of the Sun: log,g = 4.44 and [Fe/H] = 0.0 dex). The red spectrum (TRf = 5689 K) agréés much better agreement with the Giraffe solar spectrum than the blue spectrum (Teff = 5777 K).
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 3 Figure 3.16: Zoom on the red wing of the Ha line from the Giraffe HR14B solar spectrum (black line). Two synthetic spectra are overplotted: in red a synthetic spectrum with Teff = 5689 K and in blue Teg = 5777 K (the values of the other parameters are tliose of the Sun: logg = 4.44 and [Fe/H] = 0.0 dex).
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 3 Figure 3.17 plots the 5 S4N spectra normalized in flux and shifted verticaly for clarity purposes.
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 3 Figure 3.17: The 5 S4N spectra normalized in flux and shifted. Frorn top to bottom the stars are: the Sun, v And (HD9826), (3 Vir (HD102870), /i lier (HD161797) and a Dra (HD185144).

  Figure 3.18: Températures (top left), gravities (top right), iron over hydrogen (bottom left), and nickel over iron ratios (bottom right) estimated by SPADES versus their bibliographie values.

  Figure 3.19: The values of [Fc/H]5P/1DBS -[Fc/H]tih of the five S4N stars determined using each line of the Fe line list as a function of the wavelengths of thèse lines. The colours are as such: Sun in black, v And in red, P Vir in green, /; Her in blue, and cr Dra in purple. The 624(133 and 6411.65 A lines hâve too high values for ail the five stars and aie tlius rejected.

Figure 3 .

 3 Figure 3.20 plots the value of the residual of each elemental abundance determined by SPADES relative to Takeda's value for the 5 stars.

  Figure 3.21: The values of [Fe/H]5P/1DE5 -[Fe/H]Tnfcef/a for the fîve S4N stars determined using each line of the Si line list as a function of the wavelengths of these lines. The colours are as such: Sun (black circle), v And (red circle), (5 Vir (green circle), /i Her (blue circle), and (7 Dra (purple circle). Over-plotted is the différence between the Kurucz and Bensby log(gf) value for each line. The black dots are connected by the dotted lines.

Figure 3 .

 3 Figure 3.22: An example of a simulated Radial Velocity Spectrograph (RVS) spectrum. The lines available in the spectral domain are identified.

®

  I4R13: R = À/AÀ = 22500. Spectral domain: [611.4,641.0]nm • HR14B: R = À/AÀ = 28800. Spectral domain: [638.3,662.6]nm

  Figure 4.1: The réduction process.
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 42 Figure 4.2: The radial velocity distribution of the 123 stars.

Figure 4 . 3 :

 43 Figure 4.3: The radial velocity vector direction (thick arrow) in the (U,V,W) System. The Galactic coordinate 1 is of 357°. Thus the radial velocity lias a negligible V component.

Figure 4 . 4 :

 44 Figure 4.4: The distribution of dispersions of the radial velocities determined over the individual observations.

  Figure 4.5: The signal to noise ratios of the combined observations.

  Figure 4.6 gives the distribution of the températures, gravities and metallicities.
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 446 Figure 4.7 displays the distribution of the stars in the Teg, log g plane. The metallicity is colour coded, The sample is mainly composed of dwarf and turn-off stars.

  3. They are used to shift the results. The figure 4.8 gives the [Ca/Fe] , and [Ti/Fe] vs [Fe/H] trends for the analysed stars before (black) and after (red) the zéro point shift.

Figure 4 . 7 :

 47 Figure 4.7: The distrubution of Teg vs log g.

  Figure 4.8: The [Ca/Fe] , and [Ti/Fe] vs [Fe/H] trends for the analysed stars before (black)

  Figure 4.10 represents the determined distances as a function of the bibliographie values. The mean value of the différence between determined and bibliographie values is -0.30 pc with a dispersion of 11.34 pc. The absolute J magnitudes of the final stars sample versus tlieir températures is plotted in figure 4.11. As discussed previously the sample is mainly composed of dwarfs and turn-off stars with a few sub-giants. The resuit distances are given in the appendix B table.

  Figure 4.12 gives the distribution of the determined stellar distances.

Figure 4 . 9 :

 49 Figure 4.9: Six isochrones with an âge of 11 Gyrs and [Fe/H] going from -1.0 to 0.0 dex (from orange on the left to brown on the right) with a step of 0.2 dex. The star being analysed is a star having Teff = 5730 K, [Fe/H] = 0.4, logg= 4.55. The red dot representsthe resuit J magnitude that will be used to détermine its distance.

Figure 4 .

 4 Figure 4.10: Determined distances as a function of the Valenti & Fischer (2005) values.
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 411 Figure 4.11: The absolute magnitude J of the sample of the last 123 stars versus their températures.

  Figure 4.13: Distribution of SPADES estimate of Tefr, log <7, and [Fe/H] using SNRs of 30, 50 and 100 with the linear fît over-plotted.
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 5 Figure 5.1 présents the Metallicity ([Fe/H]) Distribution Function (MDF) for the 123 disk stars of our sample. No kinematic nor Chemical sélections were made. These stars range distances from 300 to about 3000 pc with a mean distance of 1400 pc. In this sample is a mix of thin and thick disk stars with a possible contamination by halo stars.
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 51 Figure 5.1: The metallicity ([Fe/H]) distribution function (MDF) for the 123 disk stars observed with Giraffe.

  alrnost no disk stars with [Fe/H] > 0.0 dex are detected. In their Appendix A.l Bond et al. (2010) explain that tlieir metallicity calibrators extends only to [Fe/H] around -0.2 dex. The authors suggest that the metallicity could be underestimated by 0.2/0.3 dex at [Fe/H] = 0.0 dex. Katz et al. (2011) find, at \Z\ < 1.0 kpc, 50 stars with -0.3 < [Fe/H] < 0.0, and 21 stars with [Fe/H] > 0.0 kpc. Assuming the sanie proportions, we hâve 21 stars with -0.3 < [Fe/H] < 0.0 and so 8 stars with [Fe/H] > 0.0 kpc are expected. The absence of these stars could thus be linked to small statistics. Another explanation could be a slightly larger [Fe/H] bias that was not estimated from the S4N/Takeda (2007) stars i.e. 0.04 dex.

Figure 5 .

 5 Figure 5.2 plots the absolute distance to the Galactic plane \Z\ versus [Fe/H] of the stars. The mean randorn error percentage over \Z\ (±30 %) and the mean for the random errors over [Fe/H] (±0.06 dex) are represented at 1 and 2.5 kpc on the plot.

Figure 5 . 2 :

 52 Figure 5.2: The relation between [Fe/H] and the Galactic altitude Z. The mean random error percentage over \Z\ is of ±30 % (médian of ±6 %) and the mean for the random errors over [Fe/H] is of ±0.06 dex.
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 5 Figure 5.3 séparâtes the MDF into two bins of \Z\: below 1 kpc where the thin disk dom
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 5 Figure 5.3: The Metallicity Distribution Function of tire Giraffe stars for \Z\ bins : 0 < \z\ < 1000, 1000 < \Z\ pc.
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 54 Figure 5.4: Mean [Fe/H] of the Giraffe stars by Galactic altitude bins : \Z\ < 500, 500 < \Z\ < 1000, 1000 < \Z\ < 1500, 1500 < \Z\ < 2000, and \Z\ > 2000 pc. The dotted line represents the linear régression best fitting these points. The legend gives, in order of increasing Z, the number of stars in eaclr bin.

  Figure 5.5: The relation between [Ca/Fe] and [Ti/Fe] and [Fe/H] for this work for stars having \Z\ < 1 kpc.

  Figures 5.6 and 5.7 over-plot the [Ca/Fe] and [Ti/Fe] vs [Fe/H] relations of this study and that of Bensby et al. (2005) in black triangles, Takeda (2007) in red dots, and Neves et al. (2009) in bine diamonds. Our stars are represented in green. They are adjusted using the zéro-points previously calculated. The different studies do not sample the saine metal licity ranges. The Giraffe (this study) sample, reaches lower metallicities (down to -1.4 dex)

  Figure 5.8: The relation between [Ca/Fe] and [Ti/Fe] and the Galactic altitude Z.

  Figure 5.9: The relation between [Fe/H] and the Galactic altitude Z for different [Ca/Fe] (top) and [Ti/Fe] bins.

  Figure 5.10: [Ca/Fe] and [Ti/Fe] vs [Fe/H] for Z <= 1000 pcs (black) and Z > 1000 pcs.
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  for a given interval of metallicity sfor a given interval of metallicity Chapter 6Conclusion and future workThe aim of this work was to better constrain the Milky Way thick disk formation scénarios.These scénarios include the (quasi-)monolithic collapse, accretion of the thick disk stars, the dynamical heating of the thin disk by minor mergers, early gas-rich accretion, stellar migra tion and radial mixing. Different formation scénarios predict different Chemical properties of the disk which makes chemically characterizing the Milky Way disk a good tool to constrain the disk formation scénarios. More particularly properties like the presence of a vertical metallicity gradient or elemental abundance trends in and outside the solar neighbourhood were explored.This work was based on the analysis of higli resolution Giraffe@VLT/ESO spectra that were selected to maximize the number of thick disk stars in the sample. These spectra were analysed witli a new stellar parameters détermination software (SPADES) that we developed. SPADES automatically analyses spectra to détermine the stellar radial velocity, effective température, surface gravity, metallicity and elemental abundances. It is based on a line-by-line analysis. SPADES uses input stellar parameters that can be read or determined using TGMET. It then itérâtes over one, two or three of the atmospheric parameters until a convergence is reached. For a given itération the atmospheric parameters are determined independently of each other. For the elemental abundance déterminations, SPADES lias the particularity of calculating on-the-fly synthetic spectra at the exact stellar parameters values and using them to accurately détermine the abundances, one element at a time.Monte-Carlo tests on synthetic spectra show that SPADES returns the values of the input spectra parameters witli no significant bias on the atmospheric parameters and abundances and with a précision at SNR = 50 of 16 K for Teff , 0.09 for log g, 0.02 dex for [Fe/H] and around 0.035 dex for [X/Fe]. No convergence issues were detected. The software was also tested on ground-based liigh SNR spectra of 5 stars (including the Sun) selected in the S4N catalogue. This allowed the rejection of lines that may bias the results. The comparison between the determined values of the parameters of these stars and the bibliographie ones allowed the adjustment of the parameters by zéro-point sliifts. Sucli adjustments were applied over the elemental abundances only.The observed spectra of the 200 stars of the sample were reduced using the ESO Giraffe pipeline. SPADES was applied on the reduced spectra. Individual epocli radial velocities were used to identify and reject potential binaries and variables froni the analysis. Teff , log g, [Fe/H], and elemental abundances were determined. Sonie of the stars had parameters close to (or outside of) the borders of the reference grid and were also excluded from the sample. For the remaining 123 stars Teff, log g, [Fe/Il] were obtained as wcll as [Ca/Fo] (for 122 stars) and [Ti/Fe] for 105 stars. The absolute magnitudes were derived from Isochrones and used to calculate the distances of the stars. The Metallicity Distribution Function (MDF) of the 123 stars présent a strong peak around [Fe/H] --0.5 dex, which likely indicate a significant fraction of thick disk star in the sarnple. The MDF shows a srnooth transition at the metallicity of the thick disk/halo interface.The vertical behaviour of the Metallicity Distribution Function was studied. A vertical metallicity gradient in the disk of d[Fe/E]/d\Z\ = 0.19 ± 0.14 dex.kpc-1 was marginally detected at the 1.4 sigma level.
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	Vlag is		
		thin dise	thiek dise
	Vlag (km/s)	-15	-51
	<tU (km/s)	39	63
	aV (km/s)	20	39
	cW (km/s)	20	39

.1: Kinematical parameters of the thin and tliick dise from

Soubiran et al. (2003)

.

  Table 2.2 gives some examples of the determined values of the tliin and thick disk scale heights and lengths.
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.5) (e.g.

Chiba & Beers 2000, Reddy & Lambert 2008)

, while metal-rich stars appear to be restricted to the thin disk, with a transition occurring at [Fe/H] around -0.3

(Mishenina et al. 2004, Reddy et al. 2006

). In the solar neighbourhood,

Chiba & Beers (2000) 

estimate the fraction of low-metallicity thick disk population stars to about 10% for -2.2 < [Fe/H] < -1.7 and about 30% for -1.7 < [Fe/H] < -1.0. They find no evidence for an additional thick disk component for stellar abundances [Fe/H] < -2.2.

  It can be interpreted as a signature of the start of tire contribution from SNIa to the Chemical enriclnnent of the tlrick disk stars. Soubiran

	Figures 2.2, 2.3, 2.4, and 2.5 show tire respectively [Ca/Fe], [Na/Fe], [Si/Fe], [Ti/Fe] vs
	[Fe/H] relation for tlrree authors: Bensby et al. (2005), Takeda (2007), and Neves et al.
	(2009).
	A few renrarks: the Bensby et al. (2005) (B05) trends are slightly different than the other
	two authors'(T07 and N09). For the [Ca/Fe] B05 find a "bump" in the [Ca/Fe] values at
	[Fe/H] around+0.1 dex. This bunrp is not présent for the other authors. For [Fe/H] lrigher
	than +0.1 the [Ca/Fe] values given by B05 stay lrigher than T07 and N09. This is also
	true for [Si/Fe]. For the [Na/Fe], the B05 are in average lrigher than the T07 and N09
	values. On the contrary for tire [Ti/Fe], the B05 are in average lower than the T07 and N09
	values. These différence can lrave different origins: the use of different atmosphère nrodels,
	line log(gf) values, etc.
	In general the Ca, Ti and Ni give a trend implying a corrélation between tlreir abundances
	and the Fe abundance. The [Na/Fe] vs [Fe/H] trend is less nrarked.
	Note that ail the presented studies (by other authors) are in the solar neighbourhood.
	The purpose of this work is to investigate if the properties detected extern! to lrigher altitude,
	or if the disk présents different particularises outside the solar neighbourhood. This will
	be possible thanks to this work's détermination of [Ca/Fe] and [Ti/Fe]. at lriglr Galactic
	altitudes ( |Z| > 1.0 kpc).
	Thick disk formation:

Neves et al. (2009) 

stars trend. This is the so called £:knee:'.
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	.2: td (thin disk) and TD (thick disk) scale heights and lengths values given by different authors. Gil83 Gilmore &; Reid (1983),
	Korll Kordopatis et al. (2011). Sig02 Sicgel et al. (2002). Bcnll Bcnsby et al. (2011b). JurOS
	Gil83 300 1350 --Table 2.3: td (thin disk) and TD (thick disk) rnean âge values given by different authors. Roh03 Robin et al. (2003b), Ben03 Bensby et al. Korll Sig02 Bcnll JurOS td scale height (pc) -350-375 -300 TD scale height (pc) 694 ± 45 940 -2600 td scale length (pc) --3800 900 TD scale length (pc) 3400 ± 700 -2000 3600	T h e M i l k y W a y c o m p o n e n t s
	(2003b), Fel03 Feltzing et al. (2003)		
		R.ob03	Ben03	Fel03	
	td mean âge (Gyrs)	5-7	4.9 ± 2.8	6.1 ± 2.0
	TD mean âge (Gyrs)	11	11.2 ± 4.3	12.1 ± 3.8
	Table 2.4: td (thin disk) and TD (thick disk) meaii rotational velocities values given by different authors. An example of a vertical velocity
	trend in the disk is also given. Authors: Korll (Kordopatis et al. 2011), Schu93 (Schuster et al. 1993), Karl2 (Karatas & Klcment 2012),
	Lcell (Lee et al. 2011)				
				Korll	Schu93	Karl 2	Lcell
	td mean rotational velocity (km/s)	-	205	223 ±0.4	-
	TD mean rotational velocity (km/s)	167.0	180	163 ±2	-
	Disk vertical velocity trend (km/s/kpc)	19 ± 8	-	-	-
	TD vertical velocity gradient (km/s/kpc)	-	-	-	-9.4 ±1.3 | -19.4 ± 1.8
						N)
						o

  Their Chemical évolution simulations inclnde radial mixing of stars and gas. They replicate, amongst other properties, a metal-poor extension of the thin disk with high rotational velocity. Using a Chemical criterion to separate thin and thick disk stars they find smooth continuity between the two components and exclude a 'Violent"

	formation of the thick disk.
	Bulge/Disk:
	Hill et al. (2012) présent the results of a high résolution spectroscopic survey of over 200
	red clump stars in the inner galactic disk (3-5 kpc from the galactic centre, \Z\ < 300 pc
	from the plane). They find that the metallicity distribution of this part of the disk is more
	metal-rich than the solar neighborhood part of it. The inner disk seems to hâve a metallic
	ity distribution doser to the bulge's. This resuit brings support to the idea that the métal
	rich part of the bulge may originate from the inner disk through "dynamical instabilities".
	Alves-Brito et al. (2010) find almost identical a-enhancements of thick disk and bulge stars.
	On the other side Johnson et al. (2012) determined Na abundances for inner bulge candi
	dates. The abundances found indicate that the metal-poor bulge, at least at 1 kpc from the
	Galactic center, and the thick disk may not share an identical chemistry.
	. De jong et al. 2006 find different metallicities at different distances: for distances
	smaller than 10 kpc they find [Fe/Hj of -1.6 and for distances larger that 15 kpc, [Fe/H] of a-rich thick disk /ct-low halo:
	-2.2.	
	Kinematics:
	Schuster et al. (1993) measure a rnean rotational velocity of the halo of 20 witli a dispersion
	of 100 krn/s. If separated into two populations using the maximum distance to the Galactic
	plane \Z\max, Carollo et al. (2010) find that the outer halo (dominâtes for \Z\max > 20 kpc),
	has a different value of the rnean rotational velocity than the inner one: -80 with a dispersion
	of about 180 knt/s.
	Age:	
	Kalirai (2012) use observations of newly formed white dwarf stars in the halo of the Milky
	Way that they acid to a separate analysis of archived data on white dwarfs in the globular
	cluster Messier 4. They develop a new relation that links the final stellar mass to the tnass
	of the immédiate progenitors, and therefore to the âge of the parent population. Apply-
	ing tliis technique to a small sample of four nearby and kinematicaly selected halo white
	dwarfs, they measure the âge of local field halo stars and find it to be 11.4 ± 0.7 billion years.
	2.2.4	Interfaces
	Whether or not the séparation between the components of the Milky Way is sharp is often
	discussed. The relation and interfaces between the different components is still an open
	question.	
	Thin/Thick disk:
	Some authors find the définition and séparation of the thin and thick disk very arnbigu-
	ous. Haywood (2008) arguments using, amongst other results, the détection of stars with
	intermediate thin and thick disk observational properties and suggests an evolutionary link
	between the two disks. Tliis link can be supported by radial mixing of stars. Schônrich &

Binney (2009b) 

use simulation to try to replicate the local observed Chemical and dynarnical structure disk properties.

Table 3 .

 3 1: Médian and dispersion (in km s x) of the radial velocity distribution derived by SPADES for 200 studied spectra for SNR 30, 50 and 100. détermination of the atmospheric parameters is itérative. Initial values for the three parameters are provided either by the user or by SPADES (see Sect. 3.4.3). Each parameter is determined independently of the two others, leaving these two at their initial values. At the beginning of a new itération, the values of the three parameters are updated, therefore providing new "initial" values. This is repeated until the convergence condition is met: i.e.

	SNR	Vr médian	a Vr
		(km s-1)	(km s-1)
	100	-0.005	0.03
	50	-0.006	0.06
	30	0.002	0.11
	iron abundance ([Fe/H]). In tins first version targeted on mid-F-G dwarfs, we assumed a
	micro-turbulence of 1 kms-1for ail our stars, including the tests with the observed spectra.

The absolute différences between the parameters obtained at itération n and n -1 ail simultaneously lower tlian 10 K for Teflr, 0.1 for logg, and 0.025 for [Fe/H]. The itérative approach was chosen over a direct approach (e.g. scanning the whole grid of 2000 reference spectra over ail parameters at once), because it was computationally faster. Yet, the itérative approach could potentially be more complex in ternis of convergence. The convergence performances of SPADES are assessed in Sect. 3.6.2.
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	and 30.				
			SNR=100	SNR=50	SNR=30
	med(Teff res )	(K)	0	0	0
	& -feffres	(K)	8	16	27
	med(log gres)		0.00	0.00	0.00
	O lo § Qres		0.05	0.09	0.15
	med([Fe/H]res)	(dex)	0.002	-0.001	-0.003
	cr [Fe/H] res	(dex)	0.009	0.020	0.030
	med( [Ti/Fe] res)	(dex)	0.004	0.005	0.005
	a [Ti/Fe]res	(dex)	0.003	0.040	0.060
	med( [Ni/Fe] re.s)	(dex)	-0.004	0.002	0.010
	o-[Ni/Fe]res	(dex)	0.010	0.030	0.050

.2: Médians and dispersions of the distributions of residuals, i.e. estimated minus true, on Teff, log g, [Fe/H], [Ti/Fe] and [Ni/Fe] derived by SPADES for the SNR: 100, 50 Figure 3.13 présents the estimate by SPADES of Teff, log .g, and [Fe/H] versus each other for the 200 stars with SNR=100 (top), SNR=50 (middle), and SNR=30 (bottom).

Table 3 .

 3 3 présents the médians and the dispersions of the distributions of Teff, log g, and [Fe/H] residuals, i.e. estimated minus true, derived by SPADES for each SNR ratio.

	The right side of Figure 3.15 shows the distributions of Teff (top), log# (middle), and
	[Fe/H] (bottom) residuals for SNR=50. The performances derived from test 2 (for of a
	wider variety of input atmospheric parameters) are similar to those obtained in test 1. The
	convergence process lias therefore a very moderate impact on SPADES final TAr, log g, and
	[Fe/H],				
	Table 3.3: Médians and dispersions of the distributions of Teff, log g, and [Fe/H] residuals,
	i.e. estimated minus true, derived by SPADES for the SNRs 100, 50 and 30.
			SNR=100	SNR=50	SNR=30
	med(T1cff res )	(I<)	8	10	0
	& T'erres	(K)	17	24	27
	med(log gres)		-0.03	0.00	0.02
	® log grès		0.08	0.15	0.25
	med([Fe/H]res)	(dex)	0.00	0.00	-0.01
	cr [Fe/H]res	(dex)			
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.4 présents the médians and the dispersions of the distributions of [Ti/Fe] and [Ni/Fe] residuals, i.e. estimated minus true, derived by SPADES for the SNRs 100, 50 and 30. The systematic and random errors derived from test 2 are on average larger than those obtained from test 1. The main reason is very likely that in test 2, [Ti/Fe]and [Ni/Fe]ratios are obtained for a wide range of metallicities down to [Fe/H] ~-1.4 dex, wliile in test 1 a solar abundance star was considered.

Table 3 .

 3 4: Médians and dispersions of the distributions of [Ti/Fe] and [Ni/Fe] residuals, i.e. estimated minus true, derived by SPADES for the SNRs 100, 50 and 30.

			SNR=100	SNR=50	SNR=30
	med( [Ti/Fe] res)	(dex)	0.008	0.03	0.06
	a [Ti/Fe]res	(dex)	0.020	0.07	0.12
	med( [Ni/Fe] res)	(dex)	-0.007	0.02	0.05
	a [Ni/Fe]res	(dex)	0.030	0.07	0.07
	Second test				

Itérative methods présent the risk to converge toward a local minimum, rather than the global minimum. To investigate this risk in more detail, we selected one out of the 34 times 200 spectra analyzed in Sect. 3.6.2 above, with SNR=50. The true parameters of

Table 3 .

 3 5: Means and dispersions of the residuals (SPADES initialized randomly minus SPADES initialized with the true parameters) on the estimation of the atmospheric param eters as well as the titanium and nickel over iron ratios.

		Te	log g	[Fe/H]	[Ti/Fe]	[Ni/Fe]
		(K)		(dex)	(dex)	(dex)
	mean	I	-0.01	-0.007	0.002	-0.007
	a	3	0.02	0.007	0.004	0.007
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.5 présents the means and residuals of the parameters determined by SPADES when initialized randomly minus those determined by SPADES when initialized with the true parameters. Means and dispersions are ail low, showing tliat at SNR=50, SPADES is very weakly sensitive to the initialization conditions.

Table 3 .

 3 7: Effective température, surface gravity, iron over hydrogen and titanium and nickel over iron ratios derived by SPADES for the Giraffe HR13 and HR14B solar spectra.

	(K)		(dex)	(dex)	(dex)
	5689	446	4)48	4ËÔ6	ÔÔ4

' Teff log g [Fe/H] [Ti/Fe] [Ni/Fe]
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	.8: Bibliographie parameters and parameters derived by SPADES for the five tests
	stars.					
	name	Cft	log 9	[Fe/H]	[Ti/Fe]	[Ni/Fe]
		(K)		(dex)	(dex)	(dex)
	SunW6	5777	4.44	0.00	0.00	0.00
	SunSPADES	5829	4.15	0.05	-0.12	-0.09
	v Andbib	6170	4.12	0.06	0.02	-0.02
	u Andspades	6177	4.18	-0.01	-0.11	0.00
	P Virbib	6062	4.11	0.16	-0.01	0.01
	P Virspades	6113	3.44	0.22	-0.18	-0.04
	fi Her^è	5540	3.99	0.28	-0.08	0.02
	li Herspades	5624	4.41	0.24	0.06	0.18
	a Dvabib	5287	4.57	-0.23	0.00	-0.03
	a Draspades	5322	4.64	-0.19	0.05	0.00

Table 3 .

 3 9: Means and dispersions of the residuals (SPADES minus bibliographie) on the estimation of the atmospheric parameters as well as the titanium and nickel over iron ratios.

		Teff	log .g	[Fe/H]	[Ti/Fe]	[Ni/Fe]
		(I<)		(dex)	(dex)	(dex)
	mean	46	-0.08	0.01	-0.05	0.01
	o	25	0.37	0.05	0.12	0.09

Table 3 .

 3 10: List of the rejected lines.

	Element	Wavelength (A)
	Fe	6246.33
	Fe	6411.65
	Ni	6223.98
	Ni	6314.668
	Ni	6482.810
	Ca	6499.00
	Analysis with new lines	

The new values of the stellar parameters and abundances of the five S4N are given in table 3.11. The performances of SPADES in analysing the 5 S4N stars were reassessed with the new line list.

Table 3 .

 3 11: Stellar parameters and abundances clerived for the five test stars after two Fel lines, two Nil lines, and one Cal line were rejected.

	name	Peff	log.9	[Fe/H]	[Ti/Fe]	[Ni/Fe]	[Ca/Fe]	[Zn/Fe]	[Na/Fe]	[Cr/Fe]	[Si/Fe]
		(K)		(dex)	(dex)	(dex)	(dex)	(dex)	(dex)	(dex)	(dex)
	Sun	5826	4.11	0.04	-0.01	0.01	0.02	-0.168	0.00	0.028	-0.49
	v And	6179	4.16	-0.01	-0.10	0.00	-0.07	0.020	-0.06	-0.034	-0.45
	(3 Vir	6112	3.4	0.22	-0.16	-0.04	-0.09	-0.17	-0.19	-0.22	-0.57
	/i lier	5626	4.47	0.26	-0.04	0.08	-0.17	0.06	-0.05	0.01	-0.52
	(7 Dra	5319	4.06	-0.20	0.023	0.00	0.01	-0.5	0.01	0.12	-0.52

Table 3 .

 3 12: [Fe/H] and abundances derived byTakeda (2007) for the five test stars.

	name	[Fe/H]	[Ti/Fe]	[Ni/Fe]	[Ca/Fe]	[Zn/Fe]	[Na/Fe]	[Cr/Fe]	[Si/Fe]
		(dex)	(dex)	(dex)	(dex)	( (dex)	(dex)	(dex)	(dex)
	v And	0.071	0.029	0.009	0.049	-0.021	-0.011	-0.041	0.059
	P Vir	0.126	0.004	0.092	-0.006	-0.046	0.014	0.044	0.024
	fi Her	0.286	-0.016	0.014	-0.026	0.064	0.054	-0.006	0.034
	a Dra	-0.152	0.024	-0.018	0.032	0.002	-0.058	0.012	-0.008

Table 4 .

 4 1: List of the first 6 rejected stars.

	ID	Reason
	745957	Double Ha
	781818	Double Ha
	784084	Double Ha
	724550	Ha in émission
	724605	B ad column spectra
	781996	

Table 4 .

 4 2: List of the stars rejected because the dispersion over the déterminations of the radial velocity using the different observations is higher tlian 2 km/s.

	ID	Vr dispersion	ID	Vr dispersion
		(kms/s)		(kms/s)
	716588	18.14	716597	103.5
	716655	17.97	720805	58.79
	720808	125.3	720922	6.546
	721001	7.620	721108	2.680
	721177	3.097	721242	14.46
	721249	149.4	722805	29.23
	722811	4.478	722920	15.15
	722949	3.755	724353	6.946
	724369	93.56	724461	6.297
	724519	134.8	724550	3.677
	724599	92.84	724605	55.14
	724627	196.5	724763	3.235
	745846	30.52	745858	31.62
	745888	2.475	745896	3.789
	745957	8.912	745958	4.116
	746017	5.873	746044	32.81
	746158	6.186	746177	5.623
	746187	3.699	765820	60.03
	774756	6.509	774772	89.64
	774800	20.31	775187	9.279
	775236	117.6	775271	29.24
	776660	72.26	776761	9.123
	776790	6.380	781686	2.282
	781814	143.0	781818	43.60
	783702	2.655	783725	52.46
	783950	197.2	783989	185.2
	784023	15.50	784070	9.239
	784072	8.613	784084	26.05

Table 4 .

 4 3: Mean différence of the elemental abundances values derived by SPADES and by Talceda (2007) for the five test stars.

		Elemental abundance	[Fe/H]	[Ti/Fe]	[Ca/Fe]
			(dex)	(dex)	(dex)
		{SPADES -Takeda)	0.04	-0.08	-0.073
		Dispersion	0.09	0.06	0.06
	4.9	Distance détermination	

  The random errors of the method Teff, logg, [Fe/H], and [X/Fe] are estimated, by SNR, in table 3.2. This table resumed the statistics of the results of Monte-Carlo tests made using 600 synthetic spectra, simulated at SNR 30, 50 and 100 (200 spectra by SNR) from a base spectrum with solar like paraineters and -1.0 metallicity. For each Giraffe star, the SNR

Table 5

 5 It is better constrained over the first 1.5 kpc but in this range of distance to the plane, it is difficult to interpret, because it can be due to the transition between thin and 2Using a linear régression over the means will allow the comparison to other authors, otherwise a linear régression over ail the individual points could hâve been done. thick disk but also to a possible gradient in tlie thin or thick disk.Above 1.5 kpc (where the thick disk largely dominâtes) tire gradient subsists but tlie error bars are large and the gradient is weakly significant. A few examples of authors who find a metallicity gradient in the thick disk areKordopatis et al. (2011) witli a gradient at \Z\ higher than 1 kpc of -0.14 ± 0.05, Clien et al. (2011) who find a gradient of -0.22 ± 0.07 dex/kpc for the thick

	.1: Values of the mean [Fe/H] and \Z\ used in the Figure 5.3 plot with their error
	bars.			
		([Fe/H] )	^([Fe/H])	m	a(\z\)
		(dex)	(dex)	(pc)	(pc)
		-0.52	0.047	365.74	74.92
		-0.66	0.042	731.56	141.15
		-0.71	0.042	1199.73	116.311
		-0.87	0.25	1712.89	187.02
		-1.16	0.12	3519.42	1584.30
	We now want to assess whether or not the disk présents a metallicity gradient. The
	points representing the mean \Z\ and the weighted mean [Fe/H] are fitted with a linear
	régression. 2 A gradient	^= -0.19 ± 0.14 dex/kpc is marginally detected at 1.4 a
	level. The overall linear régression is in good agreement with ail points even those with large
	error bars.			

  . [Ti/Fe] seems to présent a "plateau" below [Fe/H] ~-0.8 dex. Although sampling partly different metallicity ranges, the [Ti/Fe] and [Ca/Fe] versus [Fe/H] are in general in good agreement with previous studies (Bensby

  The line lists read and used by SPADES for the analysis of onr data are given in table A.2.

	The central wavelengths and line widths of the lines excluded are : Wavelength (A) line widtli (A) Wavelength (A) line width (A) 6267.62 0.004 6469.989 0.0007 6271.949 0.002 6472.477 0.012 6272.415 0.003 6472.605 0.006 6275.278 0.003 6473.183 0.017 6276.44 0.002 6474.117 0.004 6276.59 0.02 6475.058 0.018 6276.633 0.024 6475.213 0.025 6276.818 0.021 6475.824 0.016 6276.938 0.008 6476.568 0.0045 6277.312 0.026 6477.013 0.004 6277.419 0.027 6477.329 0.005 6277.47 0.027 6479.188 0.005 6277.525 0.027 6479.49 0.0025 6277.638 0.019 6480.066 0.009 6277.785 0.008 6480.252 0.001 6278.0 0.004 6480.938 0.0015 6278.073 0.052 6481.684 0.001 6278.126 0.052 6483.062 0.0015 6278.374 0.0035 6483.245 0.01 6278.878 0.022 6483.453 0.001 6279.101 0.027 6483.762 0.005 6279.233 0.004 6484.47 0.002 6279.318 0.012 6484.672 6279.506 0.002 6485.559 6279.896 0.023 6486.782 6280.393 0.026 6487.291 6280.89 0.0015 6487.539 0.0015 6281.178 0.02 6488.025 6281.627 0.001 6489.129 6281.781 0.0005 6490.652 6281.956 0.022 6490.793 6282.5 0.005 6492.909 0.01 6282.726 0.022 6493.245 0.005 6283.796 0.012 6494.1 0.002 6284.536 0.006 6495.862 0.008 6333.235 0.002 6334.358 0.0025 6335.072 0.0035 0.0035 0.002 6550.278 0.005 6341.26 6549.054 0.0025 6684.05 Ni 6175.370 4.090 -0.50 0.002 6336.45 6547.29 6547.705 0.02 6469.642 0.012 6655.531 Ni 6133.980 4.090 -1.91 0.003 6548.622 6469.364 0.006 6650.6 Ni 6130.140 4.270 -0.88 0.001 0.016 6468.363 0.003 6629.39 Ni 6128.984 1.677 -3.36 0.001 0.001 0.014 6332.066 0.005 6545.781 6467.887 0.005 6626.43 Si 6244.476 5.616 -1.32 0.001 0.008 0.0025 6329.636 0.0025 6543.907 6467.593 0.006 6626.267 Si 6243.823 5.616 -1.30 0.0015 0.034 0.005 6328.913 0.0025 6543.044 6466.726 0.005 6612.553 Si 6237.328 5.614 -1.05 0.0005 0.005 0.002 6323.87 0.0035 6324.479 0.004 6541.274 0.014 6466.265 0.008 6611.96 Si 6155.140 5.620 -0.72 0.001 6542.313 6466.138 0.004 6605.574 Si 6145.020 5.610 -1.46 0.006 0.002 0.002 6323.75 0.0045 6540.43 6465.409 0.002 6603.43 Si 6142.490 5.620 -1.50 0.0015 0.0035 0.0045 6322.359 0.002 6538.538 6464.427 0.009 6602.134 Si 6125.030 5.610 -1.52 0.003 0.006 0.0025 6321.329 0.0015 6536.72 6463.744 0.003 6601.98 Ti 6303.760 1.440 -1.51 0.003 0.008 0.0025 6287.749 0.013 6287.945 0.003 6289.14 0.0025 6289.398 0.015 6289.95 0.0015 6290.221 0.021 6292.162 0.019 6292.614 0.008 6292.958 0.025 6294.65 0.0035 6295.178 0.023 6295.65 0.0005 6295.96 0.024 6297.262 0.007 6298.457 0.022 6299.228 0.03 6302.0 0.023 6302.764 0.021 6305.314 0.005 6305.81 0.013 6306.565 0.017 6309.394 0.0025 6309.886 0.022 6310.636 0.012 6312.876 0.001 6314.235 0.01 6314.977 0.011 6315.412 0.016 6317.214 0.0035 6317.418 0.0045 6318.853 0.0045 6319.49 0.0095 6319.591 0.0045 6319.943 0.0045 6502.4 0.002 6503.45 0.004 6503.75 0.005 6504.186 0.017 6504.472 0.0015 6507.661 0.003 6508.593 0.014 6511.999 0.008 6512.242 0.008 6513.07 0.003 6513.602 0.002 6514.288 0.006 6514.727 0.033 6515.848 0.012 6516.437 0.056 6516.543 0.056 6516.625 0.056 6517.082 0.018 6518.011 0.012 6519.17 0.005 6519.452 0.02 6521.891 0.001 6522.192 0.003 6523.327 0.003 6523.656 0.004 6523.843 0.021 6525.807 0.0035 6530.598 0.007 6531.077 0.002 6532.359 0.024 6534.0 0.046 6534.236 0.007 6534.641 0.0025 6534.975 6463.493 0.008 6599.324 Ti 6261.110 1.430 -0.42 0.004 0.004 6350.719 0.004 6335.187 0.017 6361.205 0.0045 6361.252 0.0045 6368.464 0.0025 6371.568 0.0045 6372.231 0.001 6375.818 0.004 6394.487 0.0015 6397.545 0.001 6398.917 0.003 6408.682 0.008 6424.862 0.011 6430.274 0.002 6432.966 0.0045 6436.25 0.0015 6436.923 0.0015 6441.624 0.0015 6443.55 0.004 6447.943 0.0025 6449.601 0.0025 6452.688 0.0015 6453.92 0.001 6454.139 0.004 6458.892 0.01 6459.081 0.001 6459.683 0.005 6459.987 0.003 6460.223 0.0025 6460.934 0.003 6461.838 0.005 6462.032 0.0045 6463.19 0.004 6553.785 0.013 6555.11 0.003 6557.171 0.015 6557.857 0.0015 6558.149 0.007 6558.65 0.0015 6558.955 0.0015 6560.55 0.022 6561.097 0.005 6563.521 0.0045 6564.061 0.0045 6564.206 0.014 6565.545 0.003 6567.85 0.002 6568.806 0.0035 6570.052 0.001 6570.63 0.004 6570.979 0.002 6572.086 0.019 6573.526 0.001 6574.852 0.019 6576.376 0.005 6580.233 0.01 6580.785 0.0035 6583.259 0.0015 6583.538 0.0015 6584.558 0.003 6585.71 0.002 6586.511 0.004 6586.682 0.004 6588.59 0.002 6594.361 0.008 6597.038 0.0015 A.3 Auxiliary data A.3.1 Reference grid description An example of the pre-calculated reference grid description file follows Teff (K) minimumTeffValue maximumTeffValue TeffStep riumb er OfTeffS p ectr a 4800 6800 200 11 log(g) minimumLoggValue maximumLoggValue logg'Step numberOfLoggSpectra 2.00 5.50 0.5 8 Micro-turbulence (km/s) minimumXi Value 0.0 maximumXi Value XiStep numberOfXiSpectra 2.0 1.0 3 [Fe/H] (dex) minimumFeH maximimFeH FeHStep numberOfFeHSpectra -3.0 1.0 0.2 21 Wavelength domain (nm) lowerWavelength 600 Line lists Elément Wavelength(A) Excitation Potentiel Oscillator force Fel 6157.730 4.080 -1.16 Fel 6173.340 2.220 -2.88 Fel 6200.320 2.610 -2.44 Fel 6213.437 2.220 -2.48 Fel 6219.280 2.200 -2.42 Fel 6265.140 2.180 -2.55 Fel 6297.800 2.220 -2.73 Fel 6322.690 2.590 -2.43 Fel 6335.340 2.200 -2.18 Fel 6393.610 2.430 -1.58 Fel 6430.850 2.180 -2.01 Fel 6592.913 2.730 -1.47 Fel 6593.868 2.430 -2.42 Fell 6247.562 3.890 -2.43 Fell 6416.930 3.890 -2.88 Fell 6456.390 3.900 -2.19 Fell 6516.080 2.890 -3.43 Cal 6161.300 2.520 -1.26 Cal 6166.440 2.520 -1.17 Cal 6169.040 2.520 -0.84 Cal 6169.562 2.520 -0.63 Cal 6439.080 2.520 0.30 Cal 6455.610 2.520 -1.30 Cal 6471.670 2.520 -0.65 Cal 6493.790 2.520 -0.19 Ti 6126.220 1.070 -1.37 Ti 6258.110 1.440 -0.30 Ni 6204.610 4.090 -1.10 Ni 6322.169 4.154 -1.21 Ni 6327.600 1.680 -3.06 Ni 6378.250 4.154 -0.81 Ni 6598.611 4.236 -0.91 Na 6154.220 2.100 -1.57 Na 6160.750 2.100 -1.27 Zn 6362.350 5.790 0.09 Cr 6330.090 0.940 -2.90 upperWavelength A.3.2 Fel 6252.560 2.400 -1.69 A.3.3 On-the-fly synthetic spectra calculation
	6285.801 6342.389 Ni	0.01 0.0045 6176.820	6497.5 6552.629 4.090	0.002 0.019 -0.26
	6286.8 6347.305 Ni	0.001 0.006 6177.250	6497.594 6552.77 1.830	0.003 0.0015 -3.55
	6287.285 Ni	0.0025 6186.717	6501.203 4.106	0.009 -0.88

&Girard (2005) find this change of slope at [Fe/H] around -0.7 dex.Lin & van de Ven (2012), combining [a/Fe] and [Fe/H] measurements, also find two populations but with a tlrin disk having a-deficient stars that smoothly extends into a tlrick disk with a-enlranced stars.

éléments enhancements, cooler stars) can he calcnlated. Tliis would allow the analysis of the remaining part of the sample and new stellar spectra froin new surveys, increasing in tliis way the statistics. SPADES has already started to analyse the Gaia-ESO survey first spectra, Tliis work has been found encouraging and will thus be continued.

Remerciements 2

for eacli star is found by linear interpolation.

To these random errors are added effccts like normalisation and models (blending etc.) issues etc. These errors are estimated, for Tcn-and logg , in the dispersions of table 3.9, and for [Fe/H] and [X/Fe] in table 4.3. Table 3.9 gives the mean and dispersion of the différence between the values of Tcfr and logg determined by SPADES and given in Cayrel et al. (2011), and in table 4.3 are given the mean and dispersion of the différence between the values of [Fe/H], [Ti/Fe], and [Ca/Fe] determined by SPADES and by Takeda (2007).

For the log g, [Fe/H] and [X/Fe] one must take into considération tirât the authors used hâve an error on their results too. For this reason a factor of is applied to these errors.

Because the S4N spectra hâve very high SNRs, the errors from tire synthetic versus synthetics test and the différences to Takeda are snpposed orthogonal, meaning the errors for this test are supposed to corne from other reasons than the SNR. The final random error is thus estimated, for each parameter and star, as the square root of the quadratic sum of the two random errors.

Systematic errors are estimated in the mean parts of tables 3.9 and 4.3. TRfis the only parameter where a significant systematic is detected.

To propagate these errors to the distance détermination, the effect of these errors on 5.3 Disk [Ca/Fe] and [Ti/Fe] in the solar vicinity

In this section the "solar vicinity" is defined in a broad sense as the area where the thin disk dominâtes, meaning at galactic altitude \Z\ < lkpc. The relation between a-elements and iron abundances traces the relative contribution to the Chemical enrichment of the interstellar medium from type II and la supernovae (at a given time) and the time scales over which each supernova type dominâtes. Actually, the yield of Fe peak éléments such as Cr, Mn, Ni and Fe is important in type la supernovae (Timmes et al. 1995) Mg, Al, Si, Ca, Ti, Cr, Fe, Ni, Zn, Y, Ba, and Eu). A part of the observations were carried out with the Nordic Optical Telescope (NOT) on La Palma, Spain, with the SOFIN (SOviet FINnish) spectrograph. The spectra obtained are of high resolving power (R = 80 000) and high signal-to-noise ratios (SNR = 250). Another part of the spectra were obtained with the FEROS spectrograph on the ESO 1.52-m telescope on La Silla in Chile. These spectra hâve R = 48 000 and SNR = 150-250. Spectra for three stars were obtained with the UVES spectrograph on the VLT/Keuyen 8-m telescope. The spectra hâve R = 110 000 and SNR of 350. The spectra hâve been analysed using MARCS rnodel atmosphère (Gustafsson et al. 1975, Asplund et al. 1997). The abundances are adjusted, spectrograph by spectrogpraph, to find for the Sun (observed with each spectrograph) the standard photospheric abundances of Grevesse & Sauvai (1998). Age is estimated. Tliey use a kinematical sélection to separate thin and thick disk stars. Their tliick disk sample is biased towards higher metallicities so they cannot use it to probe for vertical gradients in the thick disk metallicity distribution. Takeda (2007): the main goal of tliis work is to chemicaly characterize planet-host stars.

To do so, they use spectroscopic observations of 160 F, G, and K disk dwarfs/subgiants with metallicity -0.6 <= [Fe/H] <= +0.4. The observations were extracted in the Okayama Astropliysical Observatory spectrum collection. The mass and the âge are estimated. The kinematic parameters of the stars are determined as well as the elemental abundances of 15 éléments (Na, Mg, Al, Si, S, Ca, Sc, Ti, V, Cr, Mn, Co, Ni, Cu, and Zn). In order to perform differential analysis relative to the Sun they use the équivalent widths measured on the solar-flux atlas of Kurucz et al. (1984). The elemental abundances are determined using atmospheric models, generated for each star by interpolating Kuruczs (1993b) grid of ATLAS9 model atmosphères. Local Thermodynamic Equilibrium (LTE) is assumed. The data of the spectral lines (wavelengths, gf values, and damping parameters), were invoked from the compilation of Kurucz and Bell (1995).The micro-turbulence is fixed to 0.85 km/s. The EW of these lines, along with a model atmosphère based on the solar parameters were used in the calculation of the semi-empirical oscillator strengths by using an inverse analysis with the MOOG driver ewfind.

Appendix A SPADES user manual SPADES was coded in the object oriented language: Java, It contains 39 java classes adding up to about 13 000 lines.

During its development, methods were created then adjusted or replaced. Thus not ail the methods that SPADES holds are used in its current version. But tliese are kept for future users to re-use and/or adapt. On the other hands sonie methods are still empty and should be coded in the future.

In the following chapter, one will learn more about how to use SPADES, and will hâve a more detailed approach of a few of its key methods.

A big part of the information that SPADES needs to analyze the data is in its configuration file, "spades.conP, that holds information about the studied spectra, the methods to be used, and the parameters to be determined etc.

A "referenceGridDescription" file describes the pre-calculated reference grid.

The "Eléments" file tells SPADES which éléments' abundances it should détermine, if in "spades.conf" the user asked for elemental abundances détermination.

The "lineList" files are, for each parameter and element, a list of the central wavelengths of the lines to be used.

Examples of these files will be given. Explanations will be provided when necessary.

A.l Configuration file

An example of a configuration file follows. This format is read by a specialized class called