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The 3D Distribution of Interstellar Gas and Dust in the Galaxy: Gaia-Related Preparatory Work Multi-wavelength observations in émission of interstellar medium or matter (ISM) are providing increasingly detailed maps. Unfortunately, précisé information on distances to the emitting clouds is still lacking. This leads to difïiculties in interpreting and modeling ISM distribution and évolution.

One way to obtain three-dimensional (3D) descriptions of the ISM, which comprise di rection and distance information, is to record a large set of individual absorption measurements or reddening measurements toward target stars at various known distances and directions. These line-of-sight data give hints about the distribution of matter relative to the target star, and the inversion of these measurements using a robust tomographie rnethod can provide the spatial distribution of the ISM. 3D ISM maps are a potential tool of wide use, but accurate and detailed maps are still lacking because absorption data are still limited and information of distances to the target stars are lacking or uncertain. The situation will greatly improve thanks to current and future massive stellar surveys frorn ground, and to the Gaia mission.

Extracting interstellar (IS) absorption data froin a large number of stellar spectra requires automated tools. Sonie of the works presented in this thesis contribute to the préparation of these tools. The tools are adapted to different IS tracers, such as Nal lines, Call lines, and diffuse interstellar bands (DIBs). Despite their unknown carriers, DIBs are a promising tool to trace IS clouds, in particular at large distances as they are not easily saturated, IS lines or bands are usually extracted from early-type star spectra because of their smooth and easily fitted continua. However, early-type stars are a small fraction of the potential targets. The mean distance between them is too large to allow a good spatial resolution for the ISM mapping. Recently, progress was made on the extraction of IS tracers from latetype star spectra, in particular using a synthetic stellar spectrum. The spectral analysis tools are therefore adapted to different stellar spectrum types, early-or late-type star.

Furthermore, we hâve developed a global analysis to ht multiple tracers simultaneously, allowing us to understand their relationships and to dérivé their kinematic information at the saine time.

Gaia is a mission of the European Space Agency (ESA) which was recently launched on 19th December 2013. Not only it will revolutionize our knowledge of the structure and the history of our Galaxy, but also of the distribution of ISM. It will provide précisé distances which will greatly improve the constraints during the inversion. It, will also provide spectroscopic data allowing the study of a particular DIB at 8620 Â (Gaia DIB), providing more IS absorption data, and also photometric and spectroscopic information on a billion stars allowing accurate estimâtes of the extinction. Apart from the satellite, a support survey mission with a high-resolution ground-based spectrograph, the Gaia-ESO Spectroscopic Survey (GES), will provide a large number additional new IS absorption data that will be available for the 3D ISM maps.

In this thesis, our spectral analysis tools were tested and applied to GES data and to various spectroscopic data from the TBL/NARVAL, OHP 1.93 m/ELODIE, and ESO 2.2 m/FEROS instruments, and from the GOSSS (Galactic O stars Spectroscopic Survey) project. The target stars are widely distributed in the sky, e.g., in Southern sky, in highlatitude Galactic HI shells, and in the direction of spécifie objects, e.g., the M4 cluster, the Carina nebula, the NGC 4815 and y-Vel open clusters, and various fields like the CoRoT fields, the Galactic inner-disk or the bulge.

Our results show that DIBs can trace the ISM distribution and kinematics at the Galactic scale. They can be used to trace the Galactic arms. Radial velocities of the DIBs were fonnd in agreement with HI émission spectral features and gaseous IS Nal lines velocities.

Finally, we tested the inversion method using simulated data and the reconstruction of the distribution. We also showed that 3D ISM maps are useful in many respects, not only in describing ISM distribution, but also helping to understand the physical and Chemical conditions in the ISM. For example, our inost recent 3D ISM map helps describing Gould Belt properties, nearby cavities or bubbles, and especially determining Local Bubble (LB)

properties owing to the comparison with soft X-ray émission maps.

Dans un premier temps, nous avons analysé des spectres obtenus avec le spectrographe NARVAL du Télescope Bernard Lyot (TBL) avec une méthode de profile fitting classique semi-automatique. Les raies telluriques sont enlevées à l'aide d'un premier code, ensuite pour le profile fitting lui-même l'utilisateur choisit le nombre de nuages absorbants et leurs positions préliminaires déterminées visuellement. La méthode a été appliquée à des étoiles de type B tardif à A situées en direction de nuages proches de haute latitude (une partie qui semble associée à la structure appelée "Loop I" observée dans les cartes en radio). Le but est la localisation de cette structure nuageuse qui semble associée à la spectaculaire North Polar Spur (NPS). La distance à Loop I/NPS est objet de controverse, les estimations allant de 0 pc (les nuages et Loop 1 faisant partie d'une "coquille" descendant jusqu'au soleil) jusqu'au centre galactique. Les spectres sans raies interstellaires correspondent aux étoiles proches situées en avant-plan des nuages. Les spectres comportant des raies interstellaires correspondent aux étoiles localisées derrière les nuages. Les cinématiques de ces raies interstellaires sont en accord avec des raies d'émission HI. En mesurant les raies interstellaires classiques, i.e. Nal et Call, et en utilisant des parallaxes stellaires Hipparcos nous avons pu estimer la distance des plus proches de ces structures (voir Chapitre 6 et Puspitarini & Lallement, 2012).

Lorsque nous avons des données plus massives, cette méthode classique (semi-automatique) n'est plus adaptée aux besoins. Donc, pour la prochaine étape, nous avons développé des méthodes qui permettent de faire rajustement automatisé, i.e., un calcul de corrélation pour déterminer le décalage Doppler des raies telluriques et ensuite une détection automa tique des positions des raies d'absorption interstellaires qui serviront de valeurs initiales pour l'ajustement. Cela permet de ne plus avoir à intervenir "manuellement" à aucun stade.

Ensuite, nous avons développé un outil automatisé pour extraire les DIBs. Le spectre observé est modélisé par l'ajustement d'une combinaison d'une absorption de DIB de profil spectral imposé, d'un polynôme pour représenter le continu stellaire, et d'un modèle tellurique (si nécessaire). A partir du catalogue de DIBs, nous avons sélectionné 16 DIBs fortes à étudier et nous avons préliminairement déterminé leurs profils spectraux moyens pour établir les modèles individuels des DIBs qui serviront de profils imposés. Cet outil a Interstellar medium or rnatter (ISM) is everyt.hing that is between the stars in the Galaxy.

It can be interstellar (IS) gas, dust, cosmic rays, electromagnetic radiation, magnetic field, gravitational field, dark rnatter, etc. This thesis deals with IS gas and dust (mixed together in IS clouds), in particular their three-dimensional (3D) distribution in the Galaxy and some efforts to achieve it.

There are several motivations to study the ISM. One of them is because it plays a fundamental rôle in the Galaxy. It is responsible for stellar formation and évolution of the Galaxy. The ISM condenses and collapses to form stars, and as the stars evolve the material enriched in heavy éléments is expelled froin the stars and is mixed with the existing ISM, which then will form new stars. With the stellar formation and évolution, the ISM exhibits a wide range of physical conditions, wider than what is possible in the laboratory.

It allows the study of atomic astrophysics and the discovery of new molécules.

Another important motivation is related to the reddening and extinction by the intervening IS dust. Dust grains absorb propagating photons emitted by astronomical objects, in particular stars, and release energy mostly at longer wavelengths. Thus, it affects the measurements of astronomical objects located behind the ISM and their interprétations.

To study the properties of these objects, it is important to characterize the distribution of the ISM in the Galaxy.

While past and recent surveys at various wavelengths hâve provided detailed two-dimensional (2D) émission maps of the ISM, they are lacking information about distances to the emitting clouds and, thus, about their 3D distribution. Currently, there is an increasing necessity to build the 3D description of the ISM in our Galaxy, in particular in order to understand and remove the foreground émission from the cosmic microwave background (CMB) as precisely as possible, also to provide the environmental context of astrophysical objects, to estimate reddening effects, etc. A 3D ISM map is a useful tool, but it is not yet really developed.

The 3D description of the Galactic ISM at large scales is mainly based on the combination of radio émission spectral maps and distances assigned to the emitting gas clonds based on their velocities and mean Galactic rotation curve (namely, the kinematic distance method). However, this leads to a poor description of ISM distribution, especially when the émission sources are away from the Galactic Plane. Besides, IS clonds at different distances may hâve similar radial velocities. Therefore, there are ambiguities.

Another method of 3D ISM mapping is based on the comparison between the observed stellar distribution and Galactic models (see Marshall et al., 2006). This approach lias been successfnl in revealing the Galactic spiral arms. However, it is limited by the stellar density and does not give much information in the first kiloparsecs from the Sun.

Yet, another way to obtain a more detailed 3D ISM description is by gathering IS ab sorption data or extinction measurements toward widely distributed background target stars at known distances, the so-called line-of-sight (LOS) data. The radial and angular évolution of the LOS measurements allows the inference of the spatial distribution of the absorbing rnatter. Several mapping projects based on photometric or spectrophotometric surveys and subséquent extinction and distance estimâtes hâve been recently

undertaken, using averages of the radial information over small solid angles and treating each direction independently. For example, Sale et al. (2014) hâve constructed detailed maps based on the Isaac Newton Telescope Photometric H-Alpha Survey (IPHAS) pho tometric database, although they are restricted to a limited région in the Galactic Plane.

A more sophisticated method combining radial and angular gradients lias been developed by (Vergely, 1998, Vergely et al., 2001, 2010). This robust tomographie method is based on a formalism developed by (Tarantola & Valette, 1982) for the generalized nonlinear inverse problem, and inverts LOS data into a continuous 3D distribution. This inversion method has succeeded in revealing major ISM structures in the solar neighborhood. It can be adapted to ail IS tracers, i.e., gaseous absorption lines such as Nal (neutral IS cloud tracer) or Call (neutral and partially ionized IS cloud tracer), color excess data, or even, as planned in the future, diffuse interstellar bands (DIBs). DIBs are IS absorption features of unknown origin, but they are associated to the IS rnatter, and are potential IS tracers, in particular to probe distant IS clouds because they are not easily saturated.

Together, ail of t.hese tracers can give us information on the distribution of the rnatter, also the physical conditions in the ISM due to their differential behavior. Furthermore, when using spectroscopic data, we can obtain information on the IS rnatter kinematics based on the radial velocity measurements.

In order to obtain a good spatial resolution for the 3D ISM maps, one needs a very large number of LOS measurements. In the case of spectroscopic data, providing such LOS data requires building fast tools to measure the IS absorption lines or DIBs in the spectra of the target stars in an automated way. The automation in this case means total absence of intervention during the analysis of large sériés of spectra, i.e., the tools must disentangle the stellar continuum and ail features presented in an observed stellar spectrum, stellar lines and non-stellar features, e.g., the IS absorption lines or bands and Earth's atmospheric lines. Developing such tools is the main purpose of the work presented in this thesis. We also aimed at developing methods of simultaneous htting of multiple data sets (global analysis) corresponding to different IS tracers, e.g., IS lines with DIBs, in order to hâve a complété study and a better understanding of the relationship between the tracers.

These tools are currently developed in the perspective of future analyses of Gaia observa tions and, in a shorter tenu, of the Gaia ESO Spectroscopic Survey (GES) data. The Gaia mission and the massive surveys will revolutionize our knowledge of the stellar structure and history of the Galaxy, also of the ISM distribution, as a resuit of précisé distances and spectroscopic/photometric results, both needed to improve the 3D ISM maps.

Along with their development, the various spectral analysis tools hâve been applied to several data, including a fraction of GES data. In parallel, we used these data, previous data, and new inverted maps to explore the ISM in spécifie régions. Major IS struc tures were identified and compared with émission maps, in particular diffuse soft X-ray background maps. Finally, this work contributed to the increase of the LOS database for future inversions, and includes new tests of the inversion method with simulated data developed for this purpose.

Thesis Document Description

The first part of this thesis manuscript describes briefly sonie basic knowledge about the ISM, its distribution in the Galaxy and in the solar neighborhood. It, describes the spectroscopic data, IS tracers, ISM measurements, and ISM phases. Further, it describes very briefly the Gaia mission and its support mission, GES survey, which is one of the focuses in this thesis, as well as instrumental aspects of analysed data.

Parts II and III describes the spectral analysis tools (listed here below) and their appli cations to spectroscopic data (either from spécifie observations, archives, or surveys).

Here below is the list of the spectral analysis tools that hâve been used during the thesis.

The first tools are adapted to early-type star spectra and are followed by tools developed for late-type star spectra.

• Classical IS lines profile fitting (see Chapter 6);

• Automated fitting of DIB observed in early-type star spectrum (see Chapter 8);

• Automated global analysis of IS lines observed in early-type star spectrum (see Chapter 9);

• Automated simple fitting using only single transition (i.e., D2) (see Chapter 9);

• Automated global analysis of IS lines and DIB (s) observed in early-type star spectrum (see Chapter 10);

• Automated fitting of IS lines observed in late-type star spectrum (see Chapter 11);

• Automated fitting of multiple DIB components observed in late-type star spectrum (see Chapter 12);

• Automated global analysis of IS lines and DIB (s) observed in late-type star spectrum (see Chapter 13);

• Automated global analysis of different DIBs (DIB-DIB) observed in late-type star spectrum (see Chapter 14)

Part IV discusses some associated analyses, in particular a study of the relationships between DIBs and extinction. Then part V describes extinction estimâtes based on DIBs and a study of the inhomogeneity of the extinction towards a globular cluster. Part VI describes the contribution to 3D mapping efforts, i.e., the validation test of the inversion based on simulated LOS data, and analyses of the inost recent 3D IS dust, map (exploration and comparison with émission maps) are presented in part VII. The last section contains a discussion and describes some perspectives and future works.

Some of the analyses hâve been published or submitted in articles that are attachcd to tliis thesis manuscript. The articles that are attached in thesis chapters are,

• Distance to northern high-latitude HI shells.

• Automated measurements of difFuse bands in early-type star spectra. Corrélation with the color excess.

• The Gaia-ESO Survey: Extracting diffuse interstellar bands from cool star spectra.

DIB-based interstellar medium line-of-sight structures at the kpc scale.

• Local ISM 3D distribution and soft X-ray background. inferences on nearby hot gas and the North Polar Spur.

Chapter 2

The Milky Way, the Solar Neighborhood, and the Interstellar Medium As any other galaxy, our Galaxy, the Milky Way, is a complex System, rnix of stars, gas, and dust, bound by their own gravity. Its description can only be given by sériés of approximations. In this chapter, we discuss briefiy the Milky Way, its structure, and the interstellar medium inside. We will also discuss the local interstellar medium (LISM) in the solar neighborhood.

The Milky Way and the Spiral Arms

The Milky Way is a rotating stellar disk with spiral structures. It is about 20 kiloparsecs (kpc) in radius with about 300 billion stars inside. From an edge on view, we see three main components: bulge, halo, and disk (see Fig. 2.1). The bulge is the luminous central part of the Galaxy, made principally of evolved stars. The very center of the Milky Way is marked by a bright and very compact radio source, Sagittarius A*, which is believed to be the location of a supermassive black hole. The halo is the outer part of Milky Way, which contains essentially population II (old) stars and globular clusters.

The disk itself is made of two components, the thin disk (vertical scale height on the order of 300 pc) that is mainly made of population I stars and also contains most of the dust and gas, and the thick disk (vertical scale height on the order of 1300 pc) made principally of old stars and hot gas.

The actual spiral structure of our Milky Way Galaxy is still a matter of debate. It is not easy to probe this structure as we are inside the Milky Way itself. Models with 2-4 arms hâve been proposed. One of these arms is called the Perseus arm. It is the spiral arm tliat one sees first when looking into the outer galaxy (l -180°). The other major arm runs through the Southern constellations Scutum, Crux, and Centaurus, called as Scutum-Centaurus arm. Those two arms are the major arms in the Milky Way. But, there are also halo other arms that are more like discontinuons segments (called secondary arrns), such as Orion spur (Local), Sagittarius arm, Norma arm, and also two minor spiral arms enclosing the central bar of the galaxy, called the "Near" and "Far 3-kiloparsec" arms. Figure 2.2 shows a sketch of the Milky Way spiral arms by Robert Hurt of the Spitzer Science Center based on data obtained from the literature at radio, infrared, and visible wavelengths.

In the future, and especially tlianks to Gaia, a more précisé and wider coverage description of the 3D stellar and dust content should be obtained. Spectroscopic observations using different IS tracers will complément the study of these structures.

2.2

The Solar Neighborhood and the Local Interstellar Medium

In the Milky Way, the Sun is located about 7-8.5 kpc from the Galactic center and is located within the disk, on the order of 20 pc about the mid-plane. It is located on the core-ward side of the Orion Spur and is embedded in an asymmetric cavity devoid of dense gas, known as the Local Bubble (LB) or Local Cavity (varying between 50-150 pc in radius, some parts are more extended where it is cormected with other cavities, i.e., GSH238+00+09). The LB is filled with million kelvin (MK) ionized gas, surrounded by a wall of colder denser neutral gas (see Chapters 20 and 21 in part VII).

One portion of the LB's wall is thought to be adjacent to the shell of another bubble, Loop I, centered at about 100-150 pc in the direction of the Sco-Cen association. Loop I is a conspicuous structure more than 110°wide emitting in radio continuum and soft Xrays. In the northern part of the Loop I is a région of strongly enhanced X-ray émission, the North Polar Spur (NPS). The conventional view says that the NPS is the limbbrightened edge of the Loop I bubble (see Egger <fe Aschenbach, 1995, and references therein). However, it has also been placed as the outer part of a supershell centered on the Galactic center (Sofue, 2000). The debate has been recently renewed after the discovery of the Fermi bubbles and associated structures, and this makes the NPS an interesting topic to study. Figure 2.3 shows the multi-wavelength Milky Way with some identifications of structures, Loop I/NPS and IS clouds.

Another matter of longstanding debate is the origin of the LB and of the Gould belt, the sériés of nearby young star associations and molecular clouds forming a ring tilted by ~20°to the Galactic plane. No supernova remnant (SNR) has been found that could account for the LB, and on the other hand 3D maps hâve shown that the LB is part of a cylindrical cavity that pierces the Galaxy, known as "Local Chirrmey", whose axis is similarly oriented as the one of the Gould Belt, suggesting that the LB and the Gould belt maybe related. Several scénarios hâve been proposed, i.e., sériés of supernovas, an impact of a giant cloud, an interaction between a super cloud and the spiral arm, or a gamma burst origin. Detailed 3D ISM maps should help to understand these structures and their origin. Chapter 3

ISM Study with Spectroscopic Data

Spectroscopy is one of the most powerful tools for studying the ISM. In fact, one of the first observational evidence for its existence is froin spectroscopic data (see Hartmann, 1904). In this chapter, we will briefiy recall some generalities about the ISM and its studies with stellar spectroscopic data.

Interstellar Medium Phases

Interstellar gas and dust are found in a wide range of températures and densities. However, thermodynamical laws and energy exchanges favor equilibrium States known as ISM phases. Classical models (see McKee &: Ostriker, 1977) classify the ISM into three main phases.

• The cold neutral medium (CNM), often referred to as clouds.

• The warm ionized medium (WIM) and warm neutral medium (WNM), which is sometimes considered as forming the boundary layers of the CNM clouds. The WIM is the ionized fraction of this phase.

• The hot ionized medium (HIM), which is sometimes referred to as the inter-cloud medium or the coronal gas.

The CNM itself spans a wide range of physical and Chemical conditions. The densest clouds that are fully protected from stellar UV radiation are the coolest and densest, and harbor molécules. The more tenuous clouds, that partially or fully exposed to starlight and are not gravitationally bounded, are usually called diffuse clouds. Clouds that fall in between these two extremes are often referred to as translucent clouds. A recent, slightly different classification is found in Table 3.1 from [START_REF] Draine | Physics of the Interstellar and Intergalactic Medium[END_REF].

Show McCall (2006) proposed a different systematic classification of cloud types that reflects the local conditions in a parcel of gas rather than the overall properties of a larger structure. Those are diffuse atomic, diffuse molecular, translucent, and dense molecular clouds (see Fig 3.1). Snow & McCall (2006) emphasized that ISM is complex in its structure. Although theorists and observers prefer to think of isolated, honiogeneous clouds, most real sight-lines probably consist of a mixture of different types of clouds.

Following these phases, different IS tracers will not always show the same profiles.

In addition, understanding ISM phases, and the atornic and molecular structure of interstellar clouds will probably help us to answer in which condition the carriers of mysterious diffuse interstellar bands (DIBs) are formed. These bands are potential interstellar tracers in the Galactic scale, but their origins are still unknown.

Furthermore, the relative strengths of several diffuse bands are affected by the radiation field impacting the interstellar clouds. A modélisation, such as photon-dominated région (PDR) code (see Le Petit et al., 2006), will probably help to study such enviroment and the formation or the destruction of the carriers of DIBs. (PDR) (see Neufeld et al., 2005). Image frorri Snow & McCall (2006).

Absorption Line Spectra

As illustrated in Fig. 3.2, a dense and hot source such as a star produces a continuous (black bodv) spectrum with absorption features due to the relatively diffuse and cooler thin gas surrounding the star (the stellar atmosphère). In addition to these features, nonstellar absorption features are produced by the intervening matter between the star and observer, e.g., ISM.

As the light from the star travels to the observer, it, interacts with absorbers (atorris or molécules). An atom can eitlier absorb light, jumping to a higher energy level, or émit light, dropping to a lower energy level, which cause absorption or émission features in the spectrum. Each atom absorbs light at a sériés of characteristic wavelengths. While individual transitions belonging to different species may accidentally coincide, the whole sériés of lines is unique for each atom, like a fingerprint.

By using spectroscopic data, we can obtain information about the ISM:

• Composition, from sériés of absorption wavelengths.

• Kinematics (absorber radial motion), from the Doppler shift:

AA vr Ào c
where vr is radial velocity, c is speed of light, Aq is the rest wavelength, and AA is the Doppler shift (or wavelength offset). The radial velocity is the projection of the velocity vector of the absorber along the line of sight (toward or away from us, see Fig 3.3).

• Abundance, température, pressure, magnetic held, etc.

Some of this information can be obtained from the line profile using appropriate profile fitting models (see part II). When observing the star with a ground-based spectrograph, absorption features due to the Earth's atmosphère must also be taken into account. Figure 3.4 shows an illustration of absorption features in an observed stellar spectrum. The observed spectrum is thus composed of features from stellar (stellar continuum and stellar lines), interstellar, and atmospheric origin. Other features (i.e., sky émission) in general hâve been removed during data réduction.

In the spectrum of an early-type star, an interstellar absorption is easily recognized since it is much narrower than the relatively broad stellar lines. On the contrary, the spectrum of a late-type star (cool star) has numerous stellar lines which are as narrow as the interstellar lines. A synthetic stellar model is needed to distinguish these lines, as we are going to discuss in Part III.

An IS absorption line tells how much intervening matter there is between an observer and a target star. Thanks to star catalogs and efforts to measure stellar properties, in particular stellar distances or parallaxes, p -where p is parallax in arc second and d is distance in pc, we can roughly constrain the distance to IS clouds. When detecting an IS line in the spectrum of a target star at distance d, the associated IS cloud should be located between us and the star, thus the distance is approximately less than or about d.

If we hâve many target stars distributed in distances along the saine line-of-sight, we can constrain more precisely how the ISM is distributed. For example, in Fig. 3.5, by looking at absorption features in the spectrum of star A and star B, and their stellar distances, it can be derived that the first cloud (ISM1) is located doser than star A, while the second cloud (ISM2) is located beyond star A, owing to the fact that the second absorption is not detected in star A, but is detected in more distant star B. The star C in nearby sight-line can constrain the angular size of the IS cloud. The strength of the absorption line tells us about abundance of IS matter.

As mentioned in the first chapter, a more robust way to estimate the ISM distribution is by using the inversion method. The inverse problem in this case is how to invert integrated quantity (or total abundance) of ISM from the observer to the target star into spatial distribution of clouds. For this goal, a lot of constraints from the absorption data and the stellar distances are needed to localize the clouds. The inversion is based on a regularized Earth's atmosphère stellar spectrum + interstellar lines + telluric lines Bayesian approach and a least square criterion. The solution is obtained by imposing smoothed solution to solve the non-uniqueness problem.

In the method, a priori knowledge of the 3D density field is assumed, i.e., homogeneous ISM and decreasing amount of ISM following the Galactic latitude, fpriori®)-The poste riori of an unknown rnodel parameter {fPost(&\N)) is fPost(a\N) = L(N\a)fprior(a), (3.2) where a is the model for the ISM distribution, N is line-of-sight data (absorption data), and L is the likelihood function. We search for a that maximize fpost. Thus, the inost probable ISM distribution.

IS absorption features are observale in UV. However, these are beyond the scope of this tliesis analysis.

In general, interstellar absorption lines are narrow and sharp due to the cold température of the cloud. It is also often the case tliat complex structures are observed because different clouds in the saine sight-line are at different radial velocities.

Diffuse Interstellar Bands

A longstanding challenge in astronomical spectroscopy is to uncover the carriers of the diffuse interstellar bands (DIBs). They are broad absorption features observed in stellar spectra. The first, observational record of DIBs was made by Heger (1922) and systematic studies began with the work of Merrill (1934) who detected several DIBs in stellar spectra.

Today, hundreds of those absorption features hâve been identified in the visible part of the electromagnetic spectrum (see Sarre, 2006, and référencés therein). These DIBs behave like interstellar lines with regard to occurrence and strength, and as we will see also with regard to Doppler shift. Instead of being narrow and sharp, they are somewhat widened and irregular. They are described as being diffuse as their widths are greater than those absorption features of known atoms or molécules. The word band is used, although there is a little evidence that the widths are due to unresolved blending of individual rotational/vibrational lines as could arise in the electronic spectrum of gasphase molécules or molecular ions. Today, candidate carriers should primarily be sought among a large number of possible carbon-based organic molécules.

Although we do not know yet the carriers of DIBs, they can be a promising tool to trace and to study the interstellar medium (ISM) in the Milky Way, and also in nearby galaxies, e.g., DIBs in Large Magelanic Cloud (Vladilo et al., 1987), M31 Galaxy (see Cordiner et al., 2008, Cox V Cordiner, 2008, and référencés therein), etc. First of ail, DIBs are numerous.

About 500 DIBs are now identified between 4400 and 8600 Â (McCall & Griffin, 2013).

They appear not only in the optical domain, but hâve now been detected in the infrared and UV. Moreover, they are not saturated even for stars located at great distance or behind dense clouds, which is a strong advantage for Galactic-scale ISM mapping. Furthermore, they may indicate the physical conditions in the ISM owing to their differential behaviors, i.e., some DIBs are sensitive to the stellar radiation field, and some are not.

DIBs are correlated with extinction with a considérable dispersion and différences for each band. In this thesis, we use strong DIBs which hâve been shown to follow the interstellar extinction.

Interstellar Emission Spectra

Interstellar gas can émit lines that are spécifie of atoms and molécules. In this section, we only briefly discuss the widcly used émission spectra of the HI and CO molécules.

The hydrogen (HI) 21 cm émission cornes from the transition between the two levels of the hydrogen ls ground State, slightly split by interaction between the électron spin and the nuclear spin. Tliere are two possible States, spin parallel and spin anti-parallel. The radiation follows from the spin-flip from the parallel to the anti-parallel configuration.

In the cold ISM, most of the molécules are hydrogen molécules (H2). However detecting the H2 is difficult due to extinction. The presence of H2 is inferred essentially from the CO tracer. The CO molécules, which are the most abundant molécule after H2, émit an émission line at 2.6 mm that is detected in radio observation and allows to trace the dense molecular clouds.

When analyzing our data, we are often comparing IS absorption features in a spécifie direction with HI maps and spectra from the Leiden Argentine Bonn (LAB) Survey and Galactic Ail Sky Survey (GASS) (see Kalberla et al., 2005, McClure-Griffiths et al., 2009) or CO maps from (Dame et al., 2001). An interface which allows the extraction of HI profiles from the GASS and the LAB survey is available online and can be found within the following link <http://www.astro.uni-bonn.de/hisurvey/profile/>.

Interstellar Dust

IS dust and gas are closely associated and in most of our analyses we hâve been comparing the spectroscopic information linked to the gas with the one obtained from the effects of the dust. Interstellar dust grains are typically a fraction of a micron across, irregularly shaped, and composed of carbon and/or silicates. Dust lias two major effects on the light passing through it:

• The light is dimmed by the dust (interstellar extinction).

• The light that does pass through the dust is preferentially dirmned at short wavelengths because the size of the dust grains favors the scattering of the blue/UV light.

The transmitted light is more red than it would hâve been in the absence of dust (hence the terni interstellar reddening) and tins produces a change in the shape of an observed stellar spectrum.

Interstellar extinction and reddening are strongly related to each other.

Interstellar Medium Quantities

Wlien stellar radiation propagates through IS matter, it interacts with this matter and the effects that are produced dépend on the amount of matter encountered (and not directly on the pathlength). The atténuation also dépends on the properties of the IS matter in the encountered medium. This section describes briefly some quantities that are used for measuring the ISM.

Optical depth, Column density, and Equivalent Width

Assuming absorption of radiation I at frequency v to be the only process, the change in I with respect to distance s is négative, ~= -Kl", (3.3) as where a is the absorption coefficient or opacity coefficient of the intervening matter per unit distance.

After intégration one gets: h = I»oe~T" (3.4) where Iuo is initial value of intensity (unabsorbed intensity) and is the optical depth, a dimensionless quantity. In other tenus, the probability that a photon escapes the medium decreases exponentially as exp~T. The optical depth rv can be expressed as: tv = / n<juds, (3.6) where n is the volumic density of the absorbing species (in cm 3) and o V /0M- (3.7) is the cross section (in cm2) that is a function of the absorption oscillator strength / and a line profile factor <j){y).

The line profile factor dépends on several line broadening mechanisms, e.g., natural broadening (a Lorentzian function) and thermal broadening (a Gaussian function). Collisional or pressure broadening are negligible in the ISM. The total line profile is obtained by a convolution resulting in a Voigt profile.

For a homogeneous cloud, av is constant and tu = oy / nds = (jyN (3.8) The column density N is the number of absorbers in a column of area of 1 cm2 over the distance through the absorbing cloud along the path from the observer to the source.

In the case of the ISM, distances are large and densities and températures may vary signihcantly along the line of sight. It is thus necessary to décomposé the absorption profile into several components with different 4>(u) functions.

A spectral line lias a finite width. Observations may not often résolve the line profile.

Despite that, the area between the line profile and the continuum is related to the number of absorbers and the strength of the transition. This quantity, called équivalent, width EW or W (see the illustration in Fig. 3.6), is expressed as:

= J dv, (3.9) Fc and Fy are the continuum and the measured line intensifies respectively. The continuum corresponds to the intensity in the absence of absorption and must be deduced from the spectral intervals on botli sides of the line or from a model. Wv corresponds to the quantity of energy removed from the incident flux by the absorbers. Wv is the équivalent width in frequency notation. The équivalent width is the width of a rectangle below the normalized spectrum having the sanie area as the surface comprised between the line profile and the continuum (image taken from Pradhan & Naliar, 2011) From the transfer équation, the observed intensity or flux at frequency v (F") is related to the unabsorbed flux (Fc) by Thus,

w" = J Using the relation ^= y, we can also express W in wavelength notation, \2 f Wx = -/ (1 -e~Tv)dv. (3.12) In the ISM, optical depth is often small (r 1), and in this case e~T ~1 -r, Thus, \2 r Wx = -I Tvdv. (3.11) (3.13) As in ternis of the column density, the optical depth is tu -N x gv -N as long as r Cl, the équivalent width is (-) f^M)

N/AA2 = 8.85 x KT131V}xA2 (3.14) or (3.15) Thus, for r « 1, the measnrement of équivalent width yields the column density N by simple proportionality. However, when r becomes signihcantly large, leading to saturation in the absorption line profile, the équivalent width W dépends on N and the line shape in a more complex mariner. The relationships between between W and N known as curves of growth dépend on the température and the transition type.

Figure 3.7 shows a schernatic diagrain of the curve of growth. It corresponds to the deepening and broadening of the line that contribute to the quantity of energy removed from the continuum as a function of an increasing number of absorbers. Tliere are three distinct segments: the linear part, the saturated part, and the damped saturated part. In the saturated région the équivalent width varies very slightly with N. For this reason N will be very inaccurately determined from W.

Instead of dealing with a single line, we often use sériés of lines from the saine species.

Doublets correspond to transitions from the sanie level l to two different excitation levels, U\ and u2. E.g, for neutral sodium (Nal), we hâve the doublet D2-D1 5889.95 5895.92

 and, for the ionized calcium (Call), the K-H 3933.66 3968.47  transitions. Let A2 be the wavelength of the stronger transition and / is the oscillator strength of the transition. Th.US, flu2^lu2 flul^lulbe,

In the optically thin limit, the ratio of équivalent widths will Wj2 _ flu2^lu2

W\ fluï^lul (3.16) For Nal, the ratio D2/D1 While, for Call, the the ratio K/H 0.318x5895.92 -

~2.

When there are more absorbers, the stronger line A2 will become 0.3145x3968.47

optically thick hrst and the ratio W2/W1 decreases until the weaker line is also saturated (see Fig. 3.8 ). As a conséquence, using more than one transition increases the constraints on the column of absorbers and the température of the absorbing matter.

Figure 3.8: Ratio of équivalent width for the Ca II H and K Unes, and for the CIV doublet [START_REF] Draine | Physics of the Interstellar and Intergalactic Medium[END_REF].

Extinction and Reddening

As previously discussed, interstellar dust produces extinction and reddening on starlight.

Those quantities can be derived from photometric data, if one knows the intrinsic flux and spectral shape of the star.

The magnitude m is the logarithmic measure of the brightness of an object, m = -2.5 log F + C, (3.17) where F is the observed flux, and C is a constant of reference.

The extinction A\ is the différence of magnitude between an obscured (m) and non obscured (too) star observed in the A région, = mj -m0A = -2.5 log F\j Fm, (3.18) where F\ is the observed flux and Fq\ is the true or intrinsic value of F. From the previous section, we know that F -Foe~T, thus =-2.51og(e-r). (3.19) The dust optical depth rext can be written as rext = Qext^orNgrains, where Q is extinction parameter, a is the dust grain radius, and Ngrains is the number of grains in a column of area of 1 cm2. Thus, A\ ~lAE6Qext7ra2Ngrains. In the V band at 0.55 \im, Ay = Arriy -V -Vo, where V and VQ are the obscured and non obscured visual magnitude respectively.

Because the extinction is higher at short wavelengths than at long wavelengths, an ob scured star appears to be redder. At short wavelengths in the blue (B) and UV (U)

domains, the extinctions are Ab = B -Bq and Au = U -Uq resp. From numerous stellar photometric studies, it is found that AB ~\ A\AV and Au ~1.53Av. Since the B and U magnitudes increase more rapidly than I/, the color of a star changes due to the interstellar absorption. The color excess E{B -V) is defined by, E{B -V) = Ab -Av = (B -V) -{B -V)0.

(3.20)

B -V is called the color index. Thus, color excess is the différence between the color index of a reddened star and the one of a non reddened star.

Knowing that AB -1.31Ay, we can re-write E(B -V) ~(1.31 -1 )Ay ~0.31Av^, or Av = RVE(B -V)~3AE{B -V). (3.21) Ry is the ratio of the total-to-selective extinction. It is known to be correlated with the average size of the dust grains causing the extinction. For the Milky Way, the typical value for Ry is ~3.1, but is found to be between 2.5 and 6 for different lines of sight.

Chapter 4

The Gaia Mission and the Gaia ESO

Spectroscopic Survey

The spectral analysis tools that we developed during this thesis are used to analyze spectra from spectroscopic surveys, in particular associated with Gaia. This chapter describes briefly the Gaia satellite and the Gaia-ESO Survey.

Gaia

Gaia is an ambitious space mission from the European Space Agency (ESA), designed for astrometry and is a successor to the Hipparcos. It aims to build a catalog of approximately one billion stars (about 1% of Galactic stellar population) which are brighter than 20 G magnitudes, where G is the Gaia magnitude defîned over the interval 4000 -10000 Â (G is very similar to the classical V magnitude), providing extremely accurate positions, photometric information, radial velocities, and proper motions. By constructing a detailed map of the stars, Gaia will provide a crucial tool to study the formation and history of our Galaxy.

Gaia is equipped with three instruments: the astrometric instrument itself, the wideband spectro-photometer that will allow the star classification, and a narrow-band high resolution spectrograph (Radial Velocity Spectrometer, RVS) providing for the brightest objects more detailed information on the stellar parameters. The RVS is an intégral field spectrograph, dispersing the light of ail sources entering its field of view with a resolving power R ~11500 over the wavelength range of 8480 to 8740 Â. This interval includes a particular DIB. the 8620 Â band (Gaia DIB).

Gaia-ESO Survey

Future analyses of the Gaia data are being prepared partly through a ground-based spec troscopic survey in support to the mission, performed with the VLT of the European Southern Observatory (ESO). Tliis Survey, the Gaia-ESO Spectroscopic Survey (GES) (see Gilmore et al., 2012) has begun since December 2011 and will be performed over 5 years. It will obtain high quality spectroscopy of some 100000 Milky Way stars distributed in halo, bulge, dise, open clusters, and associations. Sorne of the spectra hâve been released and are public now. However most data analyses presented in tliis thesis hâve been performed before the public release. The complété data will be released at the time of the first Gaia satelite data release (2016 or later).

This survey will provide the first homogeneous overview of the distributions of kinematics and Chemical element abundances in the Galaxy (see Fig. 4.1 for the distribution of the targets observed during the first two years). The Gaia ESO spectra will not only provide information on the target stars, but also on the interstellar medium along their sight. lines through measurements of DIBs and Nal lines which are covered by the spectral range. When combined with stellar distance estimâtes, this will enable a 3D description of ISM to be constructed.

Chapter 5

Instruments

The spectroscopic data that are used in this thesis work corne from different instruments.

This chapter describes briefly about those instruments.

NARVAL

NARVAL is a spectropolarimeter installed on the 2 meter diameter Bernard Lyot Téle scope (TBL) at Pic du Midi Observatory. In this thesis, we use only the spectroscopic mode. It gives a resolution of 75000 and a spectral range of 3700 to 10000 Â.

With this instrument, we hâve targets in a spécifie région of the northern high-latitude shells, part of Loop I structure.

ELODIE

ELODIE is a cross-dispersed échelle spectrograph (R ~42000) at the Observatoire de Haute Provence (OHP) 1.93 m telescope. In the archive data products, we only used the spec-type, a single reconnected spectrum resampled in wavelength with a constant step of 0.05 Â, covering the range 4000-6800 Â.

With this instrument, we hâve widely distributed early-type target stars.

FEROS

The FEROS instrument is a high-resolution (R~48000) astronomical échelle spectro graph. It is operated at the European Southern Observatory (ESO) in La Silla, Chile.

With this instrument, we hâve widely distributed early-type nearby target stars in South ern hemisphere and some targets in Carina région.

FLAMES: UVES and GIRAFFE

As described previously, FLAMES is the multi-object spectrograph of the VLT, mounted at the Nasmyth A platform of UT2 (Kueyen) at Cerro Paranal. It can access targets over a large corrected field of view (25 arcmin in diameter). Two spectrographs were used, GIRAFFE and UVES.

GIRAFFE is a mediurn-high (R~5600-46000) resolution spectrograph for the entire visible range, 3700-9500 Â. UVES is the liigh résolution spectrograph (R ~47000) of the VLT, located at the B Nasmyth platform of Kueyen.

Different settings to cover a spécifie spectral range are possible. For example, for GI RAFFE instrument, H599. 

GOSSS (Boller & Chivens)

Some of the data that were used in this thesis are part of the Galactic O-Star Spectroscopic Survey (GOSSS) (see Mafz Apellâniz et al., 2011, Sota et al., 2011). It is a project that is observing ail known Galactic O stars in the blue-violet part of the spectrum with R ~2500. This chapter describes steps in classical method to fit and to measure IS lines. However, silice we use spectroscopic data from ground-based spectrographs, telluric line contamina tion has to be removed. The first section of this chapter discusses a preliminary method to remove the telluric lines from a stellar spectrum. Then, we will discuss the fitting. The last section in this chapter describes sorne applications of the tools to the data.

Ail of the spectral analysis tools in this thesis are written using IGOR Pro WaveMetrics 6.2 software, an interactive software environment for expérimentation with scientific and engineering data.

Telluric Transmission Model

Interpreting spectroscopic observation can be complicated by the presence of the telluric absorption lines. When observing a target star with ground-based spectrographs, we may get a problem of contamination due to absorption features from atoms or molécules in Earth's atmosphère, especially from Ozone, Oxygen, and water vapor. The telluric correction is needed in certain spectral range, e.g., in Nal D2-D1 lines région where the telluric contamination is often not negligible.

For the thesis works, we use modeling of atmospheric transmission spectrum, which has an advantage of a larger flexibility since it is adaptable to mostly any observing conditions and instruments. The synthetic telluric transmission is computed by using Line-By-Line

Radiative Transfert Model (LBLRTM) code (Clough et al., 2005) and Hlgh-Resolution-TRANsmission molecular absorption (HITRAN) spectroscopic database (Rothman et al., 2009). Nowadays, this telluric transmission model is available online in the Transmissions of the AtmosPhere for AStromomical data (TAPAS) web-based service (Bertaux et al., 2013). (6.3) where h A is the shift.

If the telluric transmision model (T) is decomposed into models of the contributing molécules, e.g., water vapor (TH2o) and oxygen (T02), then T = T0h2o(A + ^A)"H20 x T0ü2(A + <5A)"°2. (6.4)

Preliminary Telluric Lines Removal

We hâve developed telluric line correction tools as a preliminary step in the classical profile fitting. Before using it in the preliminary removal, the telluric transmission model lias to be convolved with an instrumental response. The convolution here is to compute the response of a linear System defined by its impulse response to an input signal. The impulse response, in this case, is the instrumental profile, expressed by a Gaussian, and the signal here is the telluric transmission model (raw model or non convolved). Or, we can do in the other way because it is commutative. The convolution is written as, The fj,ns is the instrumental profile (function) and T is the telluric transmission model. p and m are the point index. Convolution is implemented in IGOR with the convolve oper ation. Figure 6.3 is an illustration of the transmission model before and after convolution with the instrument. After the convolution, lines become broader and shallower but their équivalent width is conserved.

At first, the program tries to find initial guess for the shift value. This can be done by using several different methods. For example, taking wavelength différence between a spécifie telluric line in the transmission model and the corresponding telluric line in the stellar spectrum (see the illustration in Fig. 6.4). Cursors are in point A and A'. The shift is given by Ax value. The line center is chosen by using the location of minimum value. However, this leads to a non-automated measurement, due to the predefined line.

In addition, it is not easy to distinguish the line in the spectrum. The shift value AEÀ corresponds to the location of the maximum value in the output. (the corrélation resuit, see lower plot in Fig. 6.5). We then couvert it (the location in pixel unit) into wavelength unit by multiplying with the wavelength resolution per pixel. The a coefficient (for airmass variation) is obtained by using minimum length methocl.

The total length of the corrected spectrum (defined below) should be minimum due to the contamination removal. The total length (L) is,

Total length = L = i=0 (6.7)
N is number of points in the stellar spectrum, Afi is intensity différence at point i, and A Ài is the wavelength différence at the point i. See the illustration of the total length in Figure 6.6.

The corrected spectrum is defined as following, , non -corrected spectrum .

.

corrected spectrum - -- - . (6.8) F T0( A + ô\)a v '
Underestimating the a will resuit in leftover absorption lines, hence the total length is not, minimal. Whereas, overestimating the a value will resuit in bnmps, hence the total length is not minimal either (see the illustration in Fig. 6.7). We hâve tested three methods to obtain the a coefficient: by itération (after a simple shift, a is changed iteratively to minimize the total length); by using the funcfit operation (an IGOR operation to perforais a user defined function to fit the model to data or curve fitting that uses the Levenberg-Marquardt algorithm to search for the coefficient value that minimize chi-square (x2)); and by the optimize operation (which détermines extrema minima or rnaxima of a specified nonlinear function with quasi-Newton method). Those methods give similarly good correction results. Furthermore, the funcfit and the optimize operations offer faster calculation. However, in the case of using the funcfit, we can only use régions free from lines other than telluric lines. Otherwise, the telluric line model will fit other strong features like stellar or interstellar lines. The optimize operation is applied to équation 6.7 and 6.8. This operation is used in most of our analyses. This preliminary telluric line correction is applied before the classical profile fitting.

Whereas in some automated spectral analysis tools in this thesis (e.g., when analyz ing strong diffuse interstellar band, 6280 Âand dealing with later-type star spectra), the correction is applied simultaneously with interstellar features fitting.

Classical Profile fitting

After removing contamination from Earth's atmosphère, we can apply the profile fitting to interstellar lines (see Fig. 6.9). The profile fitting code was written by Lallement (private • Measuring W

• W to total column N V J Figure 6.9: Schéma of the classical profile fitting.

communication) and were used and described in Raimond (2012). In this thesis work, the program was modified slightly for more convenient input préparation, data saving, and visualization. The code was used to fit interstellar doublet lines simultaneously, e.g., Nal D2-D1, or Call K-H. The choice of the tracer dépends on our interest and on the spectrum itself (its spectral range, signal-to-noise ratio, etc).

The first step of the method is to normalize the spectrum and to give initial guesses. The normalization is doue by selecting and fitting the stellar continuum with a polynomial function, while masking the interstellar lines or otlier contamination (if necessary), e.g., stellar lines from a colder companion star, cosmic rays, or etc. For the initial gueses, we need to estimate number of interstellar clouds or components to fit the interstellar line (it is estimated manually or "by eyes"). At the same time, we also need to estimate radial velocity of the cloud, apparent température T (cloud température and turbulence), and optical depth (r) as initial guesses in the fitting procedure. The radial velocity guess is estimated manually by selecting the cloud's location in the spectrum in an interactive dialog. The apparent température and optical depth initial value is estimated by putting a constant value. In the case of NARVAL spectra, we choose T ~5000 -15000 K for Nal D2-D1 lines, and T ~20000 -30000 K for Call K-H lines. The program will fit the interstellar line with a Voigt profile, whicli is a convolution between a Lorentzian profile (wliich dépends on lifetime) and a Gaussian profile (wliich dépends on thermal motions).

The Lorentzian profile is written as following, (6.

where 7 is damping constant. It is proportional to spontaneous decay rate of the excited State.

L{v) 4y
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The Gaussian profile is written as following, (6.10) where b is the broadening parameter, b = y/2av, av is velocity dispersion, ov = \J2kT/M: with k is Boltzmaan constant, T is température, and M is mass.

The Voigt profile is written as following,

In the fit, we want to find values for the coefficients such that the Voigt function (the interstellar iriodel) matches the interstellar line as well as possible. The best values of the where y is a fitted value for a given point, yi is the measured data value for the point and G[ is an estimate of the standard déviation for yi. The fitting operation is itérative as the fit tries various values for the unknown coefficients. For each try, it computes chisquare searching for the coefficient values that yield the minimum value of chi-square. The Levenberg-Marquardt algorithm is used to search for the coefficient values that minimize chi-square. As the fit proceeds and better values are found, the chi-square value decreases.

The fit is finished when the rate at which the chi-square decreases is small enough.

In addition, in the fit, the interstellar model has to be adapted to the instrument (by convolution with the instrumental profile). The convolution operation is described in équation 6.5 but replacing the telluric line model T with the interstellar line model <I>a-

The <f>A is a function of optical depth (r), radial velocity (w), and apparent température (T). The model (Ma) which fit the normalized spectrum can be resumed as following, (6.11)

We use the IGOR function called as voigt. It is defined as following, (6.12)

The interstellar profile T is then defined as following, = exp(-t x voigt(x,y)). (6.13) coefficients are the ones that minimize the value of chi-square (y2). Chi-square is defined as:

(6.15)

wliere i is the comportent number, and G\ is the instrumental function.

As described before, the program fit doublet lines simultaneously. In this simultaneous fit, the stronger (e.g., D2) and lower (e.g., Dl) transitions are linked by fitting joined two parts of normalized spectra (see Figure 6.11). The joined two parts is by appending one transition to the other transition in one plot. We fit the two features with a single function,

After the ht is finished, it will give the coefficients. Then, we can détermine équivalent width EW or W. There are two ways to obtain the équivalent width. For the hrst method, it is based on the data (spectrum). It is the area between the normalized spectrum contin uum and the absorption line in the spectrum (called as continuum-integrated équivalent width, Wci or Wdata)-For the second method, it is based on the fitting resuit or area in the interstellar line model (the htted équivalent width, Wf or Wmociei). The équivalent width is calculated using the IGOR areaXY function which returns the signed area.

We can then dérivé the column density Ni. The détermination of column density should dépend on the case if the équivalent width is still in linear région or not (see the curve of growth in Chapter 3). The total column Ntot is the sum of column densities from ail interstellar cloud components.

Figures 6.10, 6.11 and 6.12 show illustrations of some steps in the fit. In Fig. 6.10, the top figure shows a non-normalized spectrum (in red) and selected région (in blue bar) to be fitted with the polynomial function. Lower figures shows the normalized spectrum (after dividing the non-normalized spectrum by the polynomial function). Figure 6.11 shows the simultaneous fitting as the two parts of the spectrum are joined together. Figure 6.12 shows the ht results.

Application of the Classical Profile Fitting

This section présents some applications of the telluric lines correction and the classical profile fitting. The tools were applied to different spectroscopic data, i.e., spectra of 30 target, stars in high-latitude HI shells observed by NARVAL, spectra from ELODIE archive, and spectra of target stars in M4 cluster observed by FLAMES/GIRAFFE instrument.

Distance to Northern High-Latitude HI Shells (Article I)

This subsection contains a published article, which shows the application of the classical profile fitting. As part of a 3D inapping program, the aim is to assign a précisé distance to the high-latitude HI gas, in particular the northern part (b > 55°) of the shell associated with the conspicuous radio continuum Loop I. Loop I is a wcll-known structure, but its distance, especially in high-latitude part, was not precisely determined. Furthermore, the debate about the North Polar Spur (NPS), limb-brightened edge of the Loop I bubble or a supershell centered on the Galactic center, lias been recently renewed. The profile fitting was applied to analyze interstellar neutral sodium and singly ionized calcium absorption features. A preliminary telluric lines correction was applied to the Nal spectral range. Whereas, the Call spectral range is free from absorption by the Earth's atmosphère. The telluric lines model was adapted to the instrument résolution by a convolution. Then, a shift was applied to align the model with observed telluric lines using a spécifie telluric line. An itération was applied to estimate the a coefficient for air mass variation with the "total length" method. Figure 6.8 and 6.13 show sorne examples of the telluric lines correction.

The initial guesses of the classical profile fitting were assigned manually by using an interactive dialog in the program. We selected the continuum région for normalization, and number of IS components and their locations in the spectrum.

About two-thirds of the stellar spectra possess narrow interstellar lines. While, the remaining spectra show no absorption. The stellar distances are derived from Hipparcos parallax measurements extracted from SIMBAD astronomical database <http: //simbad.u-strasbg.fr/simbad/>. In fact, the stars that hâve no IS absorption belong to the closest stars group. Thus, the clouds begin after these nearby stars. This allows us to estimate the distance of the interstellar cloud (see Fig. 6.14 and Fig. 4 in Puspitarini & Lallement, 2012). It is shown that the closest boundary of the b>+70°part of the Loop I arch is located at of 98 ±6 pc. Whereas, the corresponding interval for the The telluric lines model lias to be shifted to align with telluric lines in the spectrum (see green line). Then, the airmass is modified to fit the spectrum (to get minimum "total length"). The spectrum is shown in red and the corrected spectrum (after telluric lines In addition, the absorption lines were compared to the HI 21 cm émission spectra from the LAB Survey. Their cent.ers appear to be coincide with HI émission velocities. Thus, the features observed in HI 21 cm radio émission are associated with these Nal and Call lines.

More detailed analyses can be found in the attached article Puspitarini & Lallement (2012) here below.

Introduction

While émission surveys at various wavelengths are providing in creasingly detailed maps of Galactic interstellar matter (ISM), there is no information on the distance to the emitting clouds.

Models of the 3D structure of ISM are generally based on the combination of radio-emission spectral maps and distances assigned to the emitting gas clouds based on their velocities and a mean Galactic rotation curve. However, this leads to a poor de scription of the Sun's vicinity, while its émission dominâtes most of the sky away from the plane. Nowadays, there is an increasing need to improve the 3D distribution of interstellar (IS) gas and dust in our Galaxy, especially in the context of the Planck and Fermi missions, which intend to model and to subtract the Galactic dust and interstellar gamma rays that they map across the sky. In the first case, it is the computation of the interstellar radiation field that requires a realistic distribution of the ISM, and in the second case, the computation of the cosmic rays prop agation and interaction with the IS gas. A précisé 3D structure of the IS matter, and especially the dust, will also be mandatory One way to obtain realistic 3D distributions of gas is to gather absorption data toward target stars located at known and widely-distributed distances and to invert the line-of-sight data.

The first attempt to compute a 3D distribution of IS gas by inver sion of line-of-sight data was made by Vergely et al. (2001 ), who applied a robust tomographie method based on the pioneering work of Tarantola & Valette (1982) to interstellar column den sifies from the literature. Lallement et al. (2003) then applied the same method to a larger neutral sodium data set gathered for that purpose. Such tomography provides the shape and size of the Local Bubble, the cavity that is supposedly filled with mil lion K gas responsible for the diffuse soft X-ray background.

More recently, Welsh et al. (2010) High-resolution spectroscopy is necessary and because it is timeconsuming, only limited datasets hâve been built. The situation is currently changing, thanks to the new high-resolution, multiobject spectrographs (MOS). However, until wide-field MOS are built, no dedicated ISM surveys covering large fractions of the sky can be proposed because of the small field of view. This is why the new high-quality spectroscopic data with mono-object spectrographs are still, and will remain, very precious.

Our purpose here is to extend the spectroscopic database by adding high Galactic latitude targets that help constrain nearby, out-of-plane interstellar features. Such features are difficult to al the periphery of Loop I (Colomb et al. 1980), and found to expand at low-velocity. Estimations of this velocity are somewhat contradictory: Sofue et al. (1974) and Heiles ( 1984) found 19 and 25 km s"1 respectively, while [START_REF] Weaver | The Large-Scale Characteristics of the Galaxy[END_REF] gives a very low value of 2 km s~' based on northern measurements. Ordercd magnetic fields from radio and optical polarization data follow the continuum and HI shell orientation, however essentially for b > 30°, while a dcpolarization band characterizes the région between 0 and 30°(see Wollcnben 2007). Finally, a région of enhanced X-ray émission corresponds to the interior of Loop I (Snowden et al. 1995). If X-rays and radio data are both related to the same exploding event, there is a controversy about its âge:

the relatively low expansion velocity of the neutral gas surrounding Loop I implies something of the order of a few million years, while X-Ray data suggest ten times less (Borken & Iwan 1977).

In order to reconcile the various datasets, these authors and Egger & Aschcnbach (1995) The hot gas cavity associated with Loop I is thought to be centered around the Sco-Cen OB association, at about 140 pc, and thus the HI shell is generally believed to be doser, having already reached the Sun, according to Wolleben (2007). From observations of optical starlight polarization at low latitude, a distance of 100 ± 20 pc to the bottom of the NPS has been determined by Bingham (1967). Indeed, the geometrical association between the Loop I X-ray-emitting bubble, the nonthermal ra dio continuum, and the expanding HI shells, taken as a proof of their physical association, reinforces the assumption of proximity of the shells. It is, however, interesting to note that a very different estimate of the distance to the NPS was more recently proposed by Bland-Hawthorn & Cohen (2003), who argue that it could be part of the extraordinary bipolar structure detected in X-ray, microwave, and gamma ray full sky maps (Snowden et al. 1997;Finkbeinerct al. 1999;Su et al. 2010) and found to be the manifestation of a powerful burst from the Galactic center. In order to fill this gap and better represent the ISM dis tribution at high-latitude, we hâve recorded high-quality and high-resolution observations toward the Loop 1 arches, with the A21, page 2 of 14 This should allow us later on to map the polar clouds that cor respond to the HI shell. For those line-of-sight, we expect low column densities, because the HI columns are only of the order of 1020 cm-2. Using the quasi-quadratic relationship established by [START_REF] Welty | [END_REF] between HI and Nal columns, this should correspond to log (Nal) = 11 at maximum, i.e., a few mA absorption équivalent width.

In Sect. 2, we describe the observations. In Sect. 3, we describe the data analysis and dérivation of the characteristics of the interstellar neutral sodium and ionized calcium Unes. In

Sect. 4, we compare the results with the HI émission spectra and dérivé the constraints on the distance to the Nal/ Call counter part of the HI. We also discuss the results and conséquences on the geometry.

Observations

We selected a list of early-type, nearby target stars located of six separate absorption lines (Welty et al. 1994).

We applied the same methods to the interstellar Call absorp tion lines at 3933 and 3968 À, except for the telluric line cor rection and the hyperfine structure. Sodium and calcium were adjusted independently. As a matter of fact, Nal and Call ab sorption line strengths dépend on the physical conditions in the clouds, with Nal favored in dense-neutral gas (T < 1000 K)

and Call a tracer of both dense-neutral and warmer ionized gas (T < 10000 K). During the adjustment, we imposed an upper limit of 15 000 K to the effective température, which corresponds to a combination of a 10000 K température and standard microturbulence. When absorptions are broader, we increase the number of clouds. Il is well known that the bulk of the detected Nal A21, page 3 of 14 The resulting Doppler velocities, column densities, and the ratios between the Nal and Call column densities are listed in For comparison with the HI spectra, the Doppler velocities were converted from the heliocentric frame (such as listed in be somewhat disconnected and subsequently start at a different distance from the Sun. We note, however, bridges between the two structures seem to be présent, as can be seen at longitudes -70°in Fig. 1. This is why we distinguished the two régions in the distance analysis and considcred separately the two groups of stars that probe those two régions.

Figure 4 constraints, and could be as distant as 143 ± 14 pc (or as close as 100 parsecs).

When using the total set of stars or equivalently assuming that ail the arches probed here start at the same distance from the Sun, and considering that the détection of either Nal or Call defines a cloud, this distance can be bracketed to a narrow inter val: t/(Loop I) = 100 ± 4 pc, from being smaller than (98 + 6) and larger than (103 -7) due to the two targets HD 115403 and HD 100518. We note that there are no contradictory results among the stars, which suggests that the distance toward the various portions of the arches does not vary much. Also, the variability of the column densities reflects well either the star lo cation with respect to the densest part of the H1 filament or the distance (i.e., small columns correspond to close stars, which are embedded in the front part of the cloud or to stars offset from the brightest HI régions).

The low-velocity arcs

Looking at HI data and our velocities in more detail, it appears that a low LSR velocity component in the [-6, 0] kms"1 range is found in ail régions, as shown in Fig. 5. Another component within the [-14, -9] kms"1 range is also found for some stars more distant than about 140 pc (e.g., star 3), but only at low lati tude and in a small area. It is very likely not related to the northern shell, and we will no longer considcr this cloud. Thus, the distance of 100 ± 4 pc quoted above, or the two distance limits of 98 and 143 parsecs for the two separate latitude ranges, do indecd correspond to the low LSR velocity gas (note that Doppler velocities indicatcd on the map arc in the LSR, converted from the heliocentric velocities of Table 1). Calcium line shifts are identical to the sodium values, within uncertainties due to cali bration and noise level, and confirm this pattern. Finally, for ail stars that are distant enough to possess absorption lines, there is a very cohérent set of LSR radial velocities (see Fig. 5), with Fig. 6. Target locations with respect to the second, négative velocity structure, as seen in the HI map of the gas in the velocity range -40
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to -20 km s-1. This structure is not detected in any spectrum. Targets that constrain the best the minimum distance are shown as filled circles.

polarization-HI ratios, or équivalent polarization-reddening ra tios, similar to those reported by Santos et al. (2011) at lower latitudes. This also agréés with the general direction of the polarization angle, suggesting that the magnetic field follows the high-latitude arch.

Furthermore, the detected clouds are the gaseous counterpart of the dust cloud located by inversion in the opacity maps of Vergely et al. (2010), whose closest part begins at ==420 parsecs (see Fig. 7). The small différence in the distance may be attributed to the scarcity of extinction data, parallax uncertainties, and map resolution (the minimum cloud size in those maps is 15 pc). The whole radio structure associated to the contin uum and HI is thus found to be consistently located with about 100 parsecs. Simple géométrie considérations show that such a pattern implies a very low-expansion velocity of the shell, assuming it is centered as close as 140 pc (see Sect. I ).

The négative velocity structure seen in HI

Those new measurements also shed light on another structure characterized by signilicantly more négative Doppler velocities, fainter than the main low-velocity arch seen in Fig. 1 and lo cated mainly at latitudes above 85°. This structure, visible in the [-40, -20] km s-1 (LSR) HI map shown in Fig. 6, is lo cated slightly above the low-velocity loop, corresponds in the HI spectra to a broader velocity distribution, and is not so conspicuous. To our knowledge, it has not been discussed independently from Loop I. In the [-40, -20] Santos et al. (2011 ) and Reis et al. (2011) hâve questioned the existence of the interaction ring, which is associated to the first model only (see also Frisch et al. 2011).

According to our results and in agreement with the stellar polarization data, there is no détection of gas doser than about 100 pc, even toward our lowest latitude targets. We emphasize that constraints on the gas distance from absorption are stronger than when deduced from polarization, because polarization dé pends on the homogeneity of the grain orientations, which introduces uncertainties into their interprétation. Our results imply that either the shell starts at our threshold distance, i.e., 100 pc, or that it is detected only when the line of sight is tangential to it, where the HI and Nal columns reach maximum values.

This would also agréé with the null velocity. But in the case of spherical shells, and according to the most simple geometrical rules, the shell center must be either at low b and rather distant (at about 270 pc if b = 17°, i.e., excluding the Sco-Cen area), or, if nearby, at a significant distance from the plane (for a dis tance to the Sun of about 140 pc b = 40°, i.e., 80 pc above the plane). Such an offset from the plane resembles the solu tion found by Wolleben (2007) for the radio continuum Loop S2; hcre, however, the center is significantly more distant from the plane. On the other hand, while the tangential directions to the two SI and S2 loops derived by Wolleben at the highest lati tude correspond well to the directions of the +85 and +75°arcs

seen in HI, we find it difficult to reconcilc such loops with our threshold distance. Finally, we note that ail the nearby clouds detected within about 50 pc are warm and ionized, without any very narrow absorption such as those we find here, cxcept for the Léo cloud, which is in a direction opposite to the présent shells.

As a conséquence, we believe that the absence of gas détection doser than 100 pc at high-latitudes (above 75°) can hardly be explained by tangential effccts. Instead, we believe that the cold HI is actually présent only beyond about 100 pc. Â spectral interval with a résolution of R ~42000.

The archive can be accessed on an individual basis at Chttp : //atlas . obs-hp. fr/elodie/>.

In addition, more advanced ways to access the Elodie archive hâve been developed using wget, a free utility for non-interactive download of files from the Web. This allows the access of the data from a shell window. We applied the classical profile fitting method to Nal lines in 32 O-stars and 34 B-stars.

Afterward, we re-analyzed the 34 B-stars and the remaining 212 A-stars using automated Global Fit described in Chapter 9. However, after identifying several problems in these first studies, new automated fits were applied only in the D2 région to avoid contamination in the DI région. The results can be found in Appendix A.

Additional difficulties for some late-B or A targets are linked to the large number of IS components, the saturation of the lines, and especially the smaller width of the stellar lines. Sometimes, it is too difficult to disentangle IS from the stellar lines (in those cases stellar radial velocity information or synthetic spectra will be necessary).

We hâve tested different methods for correcting telluric lines in those spectra, e.g., we used a spécifie telluric line to find the shift (due to the Earth's motion). Then, the optimize operation was used to estimate the a coefficient for correcting the airmass. Later on, we re-analyzed the telluric lines in ail of the ELODIE spectra using the correlate and optimize operation. The red line is the original spectrum and the bine line is the corrected spectrum. The red line is the original spectrum and the blue line is the corrected spectrum.

No particular analyses were applied to these target stars. The measurements will be used to add the inversion and interstellar kinematic database.

Figure 6.17: An example of profile fitting to Elodie spectrurn HD164794. We see two contamination features in DI région.

Stars of the M4 Cluster and Sky Emission Correction

Globular clusters are one of the oldest objects known in our Galaxy. Their âges set a lower limit for âge of the universe. Nevertheless, a précisé measurement of the âge strongly dépend on its distance and its reddening, which are tangled. M4 cluster is one of the closest globular clusters to our Sun (~2 kpc). Yet, it has a large amount of reddening, i.e., E(B-V)=0.37 derived by Hendricks et al. (2012). This is due to its location behind Sco-Oph cloud complex. In addition, this cluster may suffers a significant amount of spatially differential reddening ranging from AEE(B-V) > 0.05 to 0.25 (see Cudworth & Rees, 1990, Mucciarelli et al., 2011). In this study, we aim at investigating the variation of interstellar Nal lines in M4 Cluster. The target stars observed with FLAMES/GIRAFFE instrument with LR2 setting (HR12 and HR15), R ~17000. Those are the saine target stars as presented by Monaco et al. (2012). For this dataset, the telluric lines hâve been removed with GIRAFFE pipeline. Thus, no additional preliminary telluric correction is required.

The classical profile fitting was applied to 93 target stars. The Nal D2 DI lines measure ment resuit can be found in Appendix B. Figure 6.18 shows distribution of the target stars (RAJ2000, DECJ2000) together with D2 measurements. Unfortunately, for tbese data, we note that the IS Nal lines are still contarninated by sky émission residuals. This contamination yields a difficulty in determining ISM spatial variation. Therefore, we looked back the raw spectra and tried to arneliorate the sky correction.

When we put together the normalized spectra of the stars (corrected witli the standard procedure), we remark a strange feature in particular in the right wing of the interstellar Nal line. This is likely due to sky émission residua. Figure 6.20 shows the interstellar Nal lines in the normalized spectra shifted to heliocentric frame.

For this reason, we investigated the non-skybackground subtracted spectra and the skybackground spectra. We found a considérable variation of the sky émission. We picked one of the files containing non-skybackground subtracted spectra and skybackground spectra.

Then, we averaged the sky background (see Fig. 6.21).

We tried to subtract the sky émission following this description, corrected spectrum = non-corrected spectrum -(skybackground x quantity) (6.16)

To find the quantity, we tried two different inethods:

• "minimum-length" method (same principal as the telluric correction method);

• criteria: slope of the absorption line.

Before applying the method, we excluded spectra using a threshold that is if the D2 sky émission is higher than the maximum D2 émission in sky background spectra and if the D2 sky émission is smaller than the minimum D2 émission in sky background spectra.

After the élimination, we only hâve 76 spectra for the sky subtraction. The results of sky subtraction by using minimum length method can be found in Fig 6 .22.

The value of sky quantity can be found in Fig. 6.23. Nevertheless, we remark that our sky correction is still not satisfying.

We tried the correction using another method, using a criteria on the slope of absorption line. We assumed that the IS Nal line is symmetric (on the left and the right part of the line). Thus, the right part slope should follow the left part slope. The results with this method can be found in Fig. 6.24.

Looking at the final correction, we notice there are still slight sky residuals at 5895.9 À in the Nal D2 profiles (see Fig. 6.25). A careful inspection of the variance shows that the amplitude of the depth's variation among the target stars is larger at ~5895.4 compared to the variance everywhere else except in the contaminated région, as if the absorption was different from star to star in this spectral région. However, it is impossible to draw some quantitative conclusion. We did not try to performed fnrther analyses on the Nal absorption. Instead, we used diffuse interstellar band to trace the ISM spatial variation (see Chapter 18). 

Principle of the Automated Method

In the context of the classical method, the user defines spectral intervals that are free from absorption features (these intervals are used for the continuum fitting), and the initial guesses for the fitting (e.g., the location of IS clouds in the spectrum). For the continuum, the absence of user actions implies an identification of the continuum without any such inputs on the clean spectral intervals. In some simple cases, such as early-type star spectra and a single absorption feature whose Doppler shift is restricted to a narrow interval, this absorption interval can be masked. The continuum can be determined from the unmasked région. Then, the spectrum can be normalized. However, in more complex cases there is a need for a different approach: the continuum is included in the fitting function, i.e., the spectrum is adjusted with a product of the absorption profile(s) and a function representing the continuum.

Ail prior values on the model hâve to be computed silently during preliminary steps (before executing the fitting function). This includes values for the continuum function and for the varions Doppler shifts. The latter can be obt.ained using the following tools. Good initial guesses are important to assure successful fitting.

Automated Offset Using Correlate

In the spectral analyses of these thesis Works, a stellar spectrum is fitted by a combination of polynomial function (in the case of early-type star spectrum) or stellar model (in the case of late-type star spectrum), interstellar prohle model, and telluric transmission model.

Those models hâve to be shifted to adjust the spectrum to take into account star motion (in the case of the synthetic stellar model), Earth's motion (in the case of the telluric transmission model), and ISM kinematic (in the case of interstellar model). However, not ail of the spectroscopic surveys provided this information (star motion or Earth's motion), thus we developed a small routine to obtain these parameters.

For the shift value guess of each model, we use the IGOR operation, correlate, as discussed previously in Chapter 6. The two signais in this case are the stellar spectrum and the model, in which similar features are présent.

However, for the interstellar model and the stellar spectrum. the correlate operation may not be able to detect the similarity of these two signais, except in the case of broad and strong IS profile, e.g., strong diffuse interstellar band (DIBs). Therefore, for detecting interstellar Unes, we use another rnethod to provide their locations in the spectrum (see below).

Peak Détection

Interstellar Absorption Détection

One of the challenges in the automated profile fitting rnethod is to guess the number of interstellar clouds (components) and their locations (or radial velocities) in the spectrum.

Thus, as part of automated interstellar profile fitting, we included a rnethod to estimate this information.

Here, we adapted the findpeak operation in IGOR that searches for a minimum or maxi mum by analyzing the smoothed fîrst and second dérivatives of the spectrum. We apply "sliding findpeak" in which the findpeak operation is repeated along the spectrum range of the stronger transition while changing the starting point each time after a new peak is found, which allow us to find several peaks in the case of multiple interstellar clouds.

When a line is strong enough, one single absorption line can be broad and may contain multiple cloud components. Thus, we may put constraints based on the line width. If the line is saturated or the width is wide enough, a number of clouds are added. The locations of these additional clouds are distributed regularly along the line width of the main guessed cloud (see Fig. 7.1 and 7.2 for the examples).

The number of components used in the fitting is the total of peaks found with this proce dure. The locations of the peak give radial velocity guesses for the fitting. Whereas the flux at peak location will give estimation of the optical depth. An important thing that has to be considered is the threshold of the IS absorption feature.

In this case of a lot of local minima, the findpeak use the threshold as a criterion. For now, the threshold is the standard déviation of the continuum. However, if the spectral noise and the IS features are about the saine order, then the initial guesses will be unfeasible.

Cosmic Ray Détection

Another dérivation of the sliding findpeak is a routine to detect cosmic rays. Instead of being used to find négative peaks (absorption), the findpeak can be used to detect positive peaks, e.g., to find cosmic ray contamination. The ray can be cleaned by interpolating pixel values in the contaminated interval from the neighboring pixels. This routine can be applied preliminarily before the fit.

N-cloud User Defined Function

We also built a user defined function that includes multiple interstellar components (e.g., N-Voigt profiles) which are combined with the other spectral constituent models (e.g. stellar continuum, telluric fines, etc). The increase in the number of clouds is done in an itérative way depending on the number of the clouds used.

Chapter 8

Mono-Cloud DIB Fitting in Early Type

Star Spectra

As explained in the first chapter, we aim at using diffuse interstellar bands (DIBs) as interstellar (IS) tracers for locating IS clouds. Therefore, we developed fully automated DIB extraction methods adapted to extensive data frorn stellar surveys.

In the case of nearby stars and DIBs that are not among the narrowest, the Doppler shift interval that corresponds to the différences between the radial motions of the IS clouds is on the order of or smaller than 20 km/s, and thus small in comparison with the intrinsic width of the DIB. In this case it is possible to fit the DIB absorption with a single profile, and this is the subject of this chapter.

The first section describes the building of empirical DIB profile models. The second section describes the fitting metliod and error estimâtes. The last part describes the application of the method to early-type spectra recorded with FEROS instrument (see the following attached article Puspitarini et al., 2013), and otlier spectroscopic data. Among these other data are late-type star spectra of the M4 cluster: as a matter of fact, despite the numerous narrow stellar lines some of the DIBs are in relatively clean areas of the spectrum, i.e.

containing weak stellar features. We thus attempted to apply this early-type star method to those data. However, we will see in Chapter 12 that using a synthetic stellar model provides more convincing results.

Construction of Empirical DIB Profiles

Unlike gaseous lines, the DIB absorption profiles hâve shapes that are still empirical since the carriers (and thus atomic or molecular data) are unknown. Instead of having Voigt profiles, the profiles are broad and often non-symmetric. To simplify this problem and to be able to use DIBs as IS tracers, we hâve derived empirical models/profiles from sériés of observations of nearby stars.

The data are spectra of nearby target stars (less than 500 pc) observed by FEROS-ESO spectrograph (R ~48000). We searched for spectra of the "most" reddened stars and selected 3 to 5 target stars (among HD172488, HD147932, HD176853, HD151884, or HD171957). Then, we normalized, scaled, and averaged these spectra. For a spécifie DIB, we took this new averaged-proflle as an individual DIB model. The spectra that we used are from nearby stars. Thus, the DIB model is likely due to a unique interstellar component. The DIB modeling is repeated for ail of the selected DIBs that we wish to study and are available in the spectral range of the spectrum. As a reference for possible DIBs, we hâve used the DIB catalog from Hobbs et al. (2008).

Because of the characteristic of the data (using nearby star targets corresponds to low extinction), we can only dérivé the profiles of strong DIBs. Finally, we hâve selected 16 rallier strong DIBs. We cierived models for 15 DIBs: AA 4726.8, 4762.6, 4963.9, 5780.4, 5797.1, 5849.8, 6089.8, 6196.0, 6203.0-6204.5, 6269.8, 6379.3, 6445.3, 6613.6, 6660.7, and 6699.3 À. For the 6283.8 À DIB, we use the profile derived by Raimond et al. (2012). 

DIB Fitting

Before the fit, we applied target sélection to remove binary star spectra because they can yield difficulties in fitting, e.g., owing to stellar fines contamination from target's cold companion.

Then, telluric fine correction can be applied as a preliminary step or fit together with interstellar profile and continuum. For those DIBs, telluric fines are weak or negligible, except for the 6283.8 Â DIB which fias very strong telluric fines. For the 6283.8 Â DIB, we tested telluric fine correction using ail contributing molécules and using decomposed models, i.e., H20 and 02 (see section 6.1). Both of them give similarly good results. For a faster correction, we use tfie ail contributing molécules model hereafter. Figure 8.4 shows an example of a preliminary telluric fine correction using decomposed models.

In the case of the strong telluric fine contamination, the data are fitted with a model Case 1 is when the preliminary the telluric correction is applied or when the telluric correction is not necessary. Case 2 is when preliminary the telluric correction is not applied and the telluric correction is needed. The order of the polynomial function (P\) dépends on the complexity of the stellar continuum, e.g., P\ -

[A] + [5]A + [C]A2 x [Z>]A5
for polynomial third order. We allow up to polynomial seventh order. The polynomial coefficients (e.g., A to D) are free to vary. The DIB model, the Doppler shift (vdibx) and DIB strength (qldibx) are free parameters. They are used for taking into account the IS kinematics and the amount of intervening inatter. Doppler shift vteii and ateu coefficients are used to take into account Earth's motion and airmass variation.

For the automated fitting, there are several ways to estimate a DIB's location (i.e., initial guess for vDIB)-

• Taking the minimum location in the fitting spectral range. However, this can be problematic for a sloping non-normalized spectrum in whicli sonie points in the continuum can be lower than DIB center.

• Taking an arbitrary value of vdib, i.e., zéro radial velocity as a guess, which is a typical value for the velocity of a local cloud in the heliocentric frame. This is the case when analyzing FEROS spectra of nearby stars. During the fit, the vBib is free to adjust the DIB feature in the spectrum.

• Using IGOR correlate operation to find a shift between the DIB model and the DIB feature in the stellar spectrum. The shift corresponds to the Vqib value. However, this method can only be doue in the case of very strong (profound) DIB.

• Finding DIB's location can also be helped using the locations of peak(s) in the HI 21cm spectrum in the sanie direction as the target star, or using the radial velocities of other gaseous IS tracers available in the saine spectrum (e.g., Nal, Call, etc). This method allows the extraction of multi DIB components (see Chapter 12,13,15).

As mentioned before, in our case (the FEROS data), utilization of mono-component is justified from the fact that DIB is much broader than the velocity shift between the intervening clouds, which is true for nearby target stars.

To measure the DIB, we use two approaches to détermine the DIB équivalent width, the fitted équivalent width and continuum-integrated équivalent width. The comparison be tween the two équivalent width values allows potential discrepancies between the observed and modeled DIB shapes to be detected. For the fitted équivalent width, we assume that DIB absorption has a shape that is similar to the model. The équivalent width is simply the product of the area of the model by the fit coefficient (or DIB's strength or power index of the absorption or cïdibx)-When using the fitted équivalent width, we assume that substructures in the DIB profile vary in the saine proportions from one sightline to the other. Which is only true on the first order. The fitted équivalent width has an advantage of being less affected by sonie possible contamination (such as stellar line, cosinic ray, sky residual, instrumental, noise, etc).

Whereas for the continuum integrated équivalent width, no DIB model is needed. It simply uses the area between the normalized spectrum and the absorption band. Thus, it is less prejudiced.

To estimate the error in the équivalent width, we use the gliding window method (see Raimond et al., 2012) described as the following. • We fit the région A-D with polynomial function (orcler of 3) while masking in B-C région. We then normalize the spectrum by dividing it by the polynomial fitting resuit. We fit the normalized spectra to dérivé the déviation <r, which is defined as following G = \jVchisq/Vnpnts (8.2)

In the B-C région, we détermine wavelength range (AXbc) and number of points (NpntsBC) • The error of équivalent width AEW is calculated with the formula below: AEW = a * AXBC/ \JNpntsBC (8.3)

• We define the initial point of gliding, wavelength step of gliding, and also how many step (itération number). For each step we détermine A', B', C!, D' points. We normalize the A'-D' région while masking B'-C'. We calculate the équivalent width in the région B'-C' and put it in absolute value. After finishing the itération, we sort our équivalent width value and take the value of 68%, this is the value that we USe fol AEWcontinuum-

• And finally the A EWtotal is:

&EWtotal = jAEW* + AEWlntinuum (8.4)
This is the value that we use for the équivalent width error.

A schéma of the method and more description can be found in the attached article here below.

Automated Measurement of Diffuse Interstellar Bands

in Early-Type Star Spectra (Article II)

This attached article, here after, describes the application of DIB fitting method to earlytype star spectra from FEROS instrument. The aim is to demonstrate the method and to préparé DIB databases, which can be used in the future for ISM mapping.

There are about 130 target stars widely distributed in Southern hemisphere. Instead of using very hot O and B-type stars, A-type stars were used to avoid very strong stellar radiation fields.

Measurements are presented for 16 strong DIBs: 4726.8,4762.6,4963.9,5780.4,5797.1,5849.8,6089.8,6196.0,6269.8,6283.8,6379.3,6445.3,6613.6,6660.7,and 6699.3 Â. The mean relationship between the DIB équivalent width and the color excess were derived.

The relationship is compared to the one from previous studies. Most corrélation coefficients were found to be liigher than those based on an earlier-type, UV bright target stars.

Introduction

Identifying the carriers of the diffuse interstellar bands (DIBs) is a longstanding challenge in astronomical spectroscopy. Large molécules or their ions appear as likely candidates, however identifications arc still activcly debated (sec e.g. reviews by Herbig 1995;Sarre 2006;Friedman et al. 2011, and référencés therein). On the other hand, an increasing number of bands hâve bcen discovered in the optical domain (Jenniskens & Dcsert 1994;Krelowski et al. 1995;Tuairisg et al. 2000; Weselak et al.

20K); Galazutdinov et al. 2000), with about 500 DIBs now identilied between 4400 and 8600 Â (Hobbs et al. 2008[START_REF] Hobbs | [END_REF] McCall & Griffin 2013). et al. 2011). In particular, the corrélation of the DIB strength with the extinction or the color excess has been investigated for a large number of bands, and it has been shown that the degree of corrélation is highly variable among the DIBs (see e.g. Table 1 ). For some of them (e.g. Friedman et al. 201 I;Ordaz et al. 2011), the corrélation Article published by EDP Sciences A25, page 1 of 18 is moderatc lo good, and sometimes improvcd when restricted to régions that are not exposed by a strong UV radiation field (Raimond et al. 2012).

As discussed by

Moutou et al. 1999 and référencés in

As a mattcr of fact, lhere is a strong and complex influence of thc UV radiation field, which has now been studied in detail (e.g. Krelovvski & Sneden 1994;Salama et al. 1996;Sonnentrucker et al. 1997;Cordiner et al. 2008;Vos et al. 2011). In particular, two distinct types of sightlines with respect to DIB proper- In a first paper (Raimond et al. 2012), we extracted two of the strongest and well studied interstellar bands (AA 5780.4,6283.8) from about 150 high-quality, high-rcsolution carly-typc spectra of ncarby stars and performed a study of their corrélations with the color excess. We found overall agreement with previ ous studies, in particular the work of Friedman et al. (2011).

This comparison showed that the dispersion around the aver age relationship is diminished when using later type target stars, and it was argued that this is due to the decrease in radiation field influences. In fact, a short sightline may be dominated by dense clouds located immediately in front of the target stars and strongly irradiated.

In this previous study, the measurement of the DIB équiv alent width (EW) was performed in a classical, non automated way similar to the methods used by several other groups, i.c., by mcans of a preliminary fit of the continuum around the DIB to a polynomial, a subséquent normalization of the spectrum, and computation of the absorption area below the normalized con tinuum. At variance with this earlier work, we here performed automated DIB measurements, and we compared their rcsults with those from the previous interactive method. As said above, automated methods are mandatory in the case of spectroscopic surveys. Here we hâve been testing methods based on lemplate DIB profiles, in thc samc way Cordiner et al. (2008) procceded in the case of M31.

We hâve developed an automated program and make use et al. 1991). For simplicity here we hâve chosen to dérivé the équivalent width of the ensemble of those two absorptions, with an apprqximatc centering on 6204 A. For the two strong DIBs of our first paper, we compare the derived équivalent widths with our previous non automated analysis results. We finally compare the DIB strenglhs with the color-excess values, and the derived relationships with previously established results, when they exist.

Section 2 describes the data, while Sect. 3 présents the spec tral analysis and the error estimâtes. Section 4 présents the results, and describes the relationships with the color excess, as well as comparisons with previous works. Section 5 discusses the limitations of the automated method and potential improvements.

Data

We use high-resolution (R « 48 000), high signal-to-noise For thc purpose of comparisons with thc reddening, we use homogeneous dataset of color-excess data based on the seven-color Geneva photometric System (Cramer 1999;Burki & Cramer, priv. comm.). Those data, which hâve also been used by Raimond et al. (2012), were ail determined based on the same calibration method. The homogeneily avoids additional disper sion and biases in the corrélation computation. We thus restricted this study to target stars possessing a color cxcess détermination from this single source. This reduced the number of useful targets from about 400 to 150. The spectra were also preliminarily analyzed in the search for narrow Unes due to cold companions.

As a matter of fact, narrow and weak stellar featurcs may contaminate the DIBs and make the continuum fitting difficult or biased. This resulted in excluding a significant fraction of binary stars. The final number of targets available for the fully auto mated DIB extraction is 129.

The Gcneva E(B -V) eolor exeess values were eonverted

to Strômgen E(b -y) color excesses, using ail Strômgen data compiled by Vergely et al. (2010) for which both déterminations do exist. A scaling factor was derived from the cross-correlation and a similar cross-correlation was then performed to convert to the commonly used Johnson System. The relationship with the

Johnson System is ÊJAE-V)(Geneva) = 1.703 E(B-V) (Johnson).
Finally, the error on E(B -V) was estimated eonservatively to bc 0.03, as discusscd in Raimond et al. (2012).

3. Data analysis 

Fitting method

Our goal is to measure DIB équivalent widths (EWs) in sériés of stellar spectra in an entirely automated way. There are several steps in this process. First, prior to the actual spectral analysis, we establish an empirical DIB shape model. Alternatively, we use a pre-existing model from prior studies. This is the case for the 6283.84 DIB profile, which is taken from Raimond et al. 1,2,3,4,6,7,8,9"c,10,1 lnG,12"G,14,15,18 5797.06 0.77 199.0 1.1 1,2,3,4,5,6,7,8,9" (2) Benvenuti & Porceddu (1989), link to the 2175 Â feature; or strong telluric fines), by using such a global fitting, we avoid any manual sélection of intervals for the continuum fit.

The DIB EW is derived in two separate ways. The first way assumes that the continuum is reasonably filted during the fit and also that the actual DIB absorption has a shape that is similar to the model. In this case the EW is simply the productof the model EW by the fit coefficient (or DIB's strength or power index of the absorption), sinee for our sightlines the lincar régime prevails.

The second estimate is solely based on the first, less restrictive assumption that the continuum has been correctly fitted during the DIB-i-conlinuum(-i-telluric) global fit, but does NOT make use of the DIB model or of the fit coefficient. Il simply uses the area between the spectrum and the normalized continuum.

Following Cordiner et al. (2008), we call the two measurements as the fitted EW (based on the DIB model and power index) and continuum-integrated EW (independent of the DIB model).
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The comparison between the two EW values allows potcntial discrepancies between the observed and modeled DIB shapes to be detected, including in particular some DIB broadening due to a velocity shift spread of the interstellar clouds, or DIB shape variations with sightlinc. As a matter of tact, using a unique DIB shape is équivalent to assuming that sub structures in the DIB profile vary in the same proportions from one sightline to the next. This is only true at first order, and it is known from high-resolution spectral analyses that the shape may vary in some cases (e.g., Galazutdinov et al. 2008). It is also équiva lent to assuming that the DIB is much broader than the velocity shift between the intervening clouds. This is in principle justified when the DIBs are relatively broad, and especially broad in comparison with the radial velocity dispersion of the IS clouds.

Convcrscly, if for a target the two estimâtes of the EW are in good agreement, this implies that the actual DIB shape in the stellar spectrum is very similar to the template shape. This also implies that the continuum has been realistically litted and the DIB EW well estimated, and constitutes a validity check of the automated method. We will corne back to this point in the last section.

The DIB modcl was obtained empirically during the preliminary phase in the following way. We selected a small number (about 3 to 5) of targets, such as HD 172488, HD 147932, HD 176853, HD 151884, and HD 171957, that hâve high color excess values and excellent spectra, extracted the DIB in a classic way and scaled them to the same EW. Then, we simply avcragcd them and used the mean as a template. In the case of the weakest DIBs or the 6204 Â blend, the model has to be used carefully. As we mentioned before, the comparison of the two measurements, the fitted and continuum-integrated EWs, will allow its reliability to be checked. are only slightly contaminated, we more simply used the syn thetic telluric transmission to perform a correction prior to the DIB measurement (see Fig. 2). Finally, in a few cases we also applied the classical corrections before the automated fit to cor rect for cosmic rays, by means of a classical interpolation in the contaminated area. We also applied masks in the case of neighboring DIBs to separate their respective absorptions (e.g. for the 6195.98 DIB). For some of the cooler targets, we also applied masks to avoid the contamination by narrow stellar lines as de scri bed in detail in Raimond et al. (2012).

The consecutive steps of the EW measurement method can be found in Fig. 3, and the illustration of the whole fitting process for the 6195.98 DIB can be found in Fig. 4. For the équiva lent width measurements, we used the same limits of intégration EW. The second consists in measuring the absorption area direclly in the normalized spectrum, based on the fitled continuum.

Différences between the two arise if the DIB shape in the spec trum differs significantly from the template, and as said above their similarity is a validity test of the assumptions and of the automated method. We hâve thus carefully compared the two équivalent widths for the various DIBs. Table A. 1 contains the list of target stars, their coordinates, the color excess as determincd from the Geneva photometry (see Sect. 4), and the measured équivalent width (the fitted EWs).

The results show that the DIB absorptions arc weak and that we are far from saturation, as cxpected for our ncarby targets.

Corrélation with the color excess

We used the Geneva déterminations of E(B -V) (Cramer 1999; Burki & Cramer, priv. comm.) to compule the average linear relationships of the sixteen DIBs with the color excess. This was done in two ways:

-by performing a simple linear fitting without laking individual crrors into account on both quantities (ordinary lcast square, OLS).

-by applying the orthogonal distance régression (ODR) method (or total least-squares method), laking individual errors on both the EWs and the E(B -V)s into account. For this method, we used the ODRPACK95 package (Boggs et al. 1989) implemented in the IGOR 6.22A WaveMetrics software.

Following most of the studies, we did not impose a strict proportionality between the two quantities. We performed the corréla tion exclusively for the target stars and EWs listed Table A. 1, i.e., excluding binary stars or stars for which the automated fit did not converge owing to the combination of noise level and DIB weakness, and also stars for which the measured EW is smaller than the estimated unccrtainty. The Pearson corrélation coefficient is dcduced from the OLS method, with two values listed, the first one for the totality of the measurements, and the second after removal of two peculiar stars, when they hâve not been already

removed from lhe list due to the criteria mentioned above.

The corrélation parameters and coefficients can be found in not take mcasurcment unccrtaintics into account, it is also infor mative to consider the uncertainties on the slopes obtained from the OLS and ODR methods. In the case of the OLS method, uncertainties on the parameters are estimated along with lhe fitting process from the dispersion around the mean value. In the ODR method, the uncertainties are calculated based on ail measurement uncertainties. Unes and gives very large uncertainties on EWs, which resuit in thc exclusion of a large number of targcts with small EWs, following our threshold rule. This introduces a bias towards highcr EWs for low reddening values and a larger slope. This implies that such a method is not fully appropriate where telluric lines are loo strong and that another method should be sought. Similarly to the case of thc 5780.4 Â DIB, for which using cooler stars results in a tighter corrélation, we note here that for the 5797.1, 6196.0, 6204, and 6613.6 DIBs, we also obtain a signilicantly better corrélation than the one of Friedman et al. (2011). This is very likcly also causcd by environment cfïccts, sincc thosc bands arc strongly inllucnccd by thc radia tion lield. The same remarks apply to the corrélation coefficients measured by Vos et al. (2011 ) for the upper Scorpius région that, except for DIB 5797, are lower than found here. Josafatsson & Snow (1987) compulcd Pcarson coefficients for three DIBS in common, 5780, 5849, and 5797 Â, using early-type target stars in reflection nebulae. We also computed their corrélation 
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Discussion

We hâve devised and applied a simplified but automated method of DIB équivalent width measurements appropriatc to carly-type spectra. The method uses a preliminary DIB shape and fits the data to the product of a smooth, polynomial continuum and a DIB lemplate profile fitted in slrength and velocity shift. The scaling coefficient, combincd with the EW of the tcmplate of référencé, provides a first détermination of the DIB équivalent width (the fitted EW). A second estimate of the équivalent width is the absorption directly measured below the normalized spectrum using the fitted continuum, independently of the DIB template (the continuum-integrated EW). At variance with the first, this second détermination takes the departures from the initial shape into account, the first step being a way to obtain a realistic continuum at the DIB location.

We applied this method to a database of nearby stars highresolution spectra, for stars possessing a précisé détermination of the color excess. We preliminarily eliminated binary Systems and corrected the spectra for weak telluric fines by means of a modeled atmospheric transmission. In the case of the strong tel luric fines that contaminate the 6283.8 Â DIB, we also tested the fit of the triple combination of a telluric transmission, a smooth continuum and a DIB template. We estimated the uncertainties on the DIB EWs due to the noise level and continuum placement.

For ail DIBs except one, we found that the two EW déter minations are in good agreemenl, and are compatible within our estimated uncertainties. This implies that, at least for our database, there are only small variations of the DIB profiles from the initial lemplates. The main reasons are the small num- We applied the method to the 4430 Âwide DIB which has the largest équivalent width of ail DIBs in the optical. No empirical model of the DIB is available yet. Instead, we used a Gaussian profile. The adjustments show that this simplification is justified. This is probably due to the low spectral resolution.

We started with a set of 154 target stars, however we excluded 73 stars for which the 4430 À DIB is contaminated by stellar fines (of the cooler companion). No stellar line masking was applied to the spectra. The équivalent widths (EW) were measured in two ways, the fitted EW (EW/) (i.e. the EW of the Gaussian) and the continuum integrated (EWd) (i.e., the area below the continuum). The comparison of the two measurements can be found in Fig. 8.9. These data will be the subject of future work. This simple DIB fitting method can in principle be applied to later-type star spectra if the DIB area is not contaminated by stellar fines or if only a fraction of it is contaminated.

In the latter case, fitting the DIB can be doue by masking the stellar fines.

We hâve attempted this exercise for some FLAMES late-type stars spectra. 

Spectra

Different IS species produce interstellar lines at different wavelengths (corresponding to different transitions). However, being generated with the saine media, they share some properties. For example, the interstellar Nal D2 and DI lines share the same apparent température and radial velocity value. Also, there is a link (or a ratio) between t.heir optical depth. Nal and Call lines caused by the sanie interstellar cloud in general share the same radial velocity. However there may be some différences in température due to the fact that one species may be favoured in spécifie régions (e.g. Call in the more ionized, external parts of the clouds). For that reason, we developed methods able to fit simultaneously different interstellar lines with multi fitting functions lwhile inking some parameters or coefficients, and we refer to this as a global analysis.

Global Fit

After the preliminary telluric line correction (if necessary), we applied the global analysis to fit set of spectra with a polynomial function (to take into account the spectrum con tinuum) and with interstellar line models. The different between this method from the classical profile fitting is that the simultaneous fit is not obtained by joining two parts of spectrum. Instead, we used the Global Fit 2 package in IGOR Pro (WaveMetrics, Inc.).

This package allows curve fitting to multiple data sets, in this case the Nal D2-D1 and the Call K-H lines, simultaneously. The other différence between the global analysis with the classical profile fitting is that now we use automated interstellar line détection and fitting guesses. No intervention is needed during sériés of fitting. We fit multiple data sets, which can hâve more than one IS tracer, simultaneously. The fit coefficients may hâve the same value for several data sets. For example, fit coefficients of radial velocity and température for D2, Dl, K, and H. The fit coefficient of optical depth D2 and of DI can be linked, as well for K and H. While, other fit, coefficients may hâve different vaines, such as optical depth for D2 and for K and coefficients for the continua.

We classify the coefficients into two groups: (1) coefficients for Voigt profile (or for the interstellar profile), i.e., optical depth, radial velocity, and apparent température; and (2) coefficients for the continua (the polynomial functions). There are some challenges in global analysis, i.e., indexation to link ail the fit coefficients.

Moreover, as the number of the clouds vary from one spectrum to the other, so do the indexes change. We use autornated interstellar line détection, sliding findpeak (see Chapter 7), to détermine number of clouds and to estimate the radial velocity. The number of coefficients, indexes, and how they linked will follow this guess.

The global analysis can be adapted to fit Nal D2 and DI only, or Call K and H only, or to fit these four lines together: D2, Dl, K, and H. In the case of fitting the four lines, we can describe the models (Mx) that fit each dataset data as,

Mxm = x PXD2[aO, 60,c0,d0]J * Gx Mxdi = x TNaIi,Ti,vri] x PXDl[al,bl,cl,dl]J * Gx Mxk = (f[$x[TcaniiTi,vri] x PXK[a2,62, c2,d2]j * Gx MxH = | ]^[ 4>a[Kcalli x TCalIi, T*, vri\ x PXH[a3, 63, c3, d3] J * Gx (9.1a) (9.1b) (9.1c) (9-ld)
MXd2, MXD\i MXK: Mxh are models for Nal D2, Dl, Call K, and H respectively. r is the optical depth, K is r doublet ratio, T is the apparent température, vr is the IS radial velocity. Terni Px is the polynomial function, e.g., P\D2 = a0 + 60À + cOÀ2 + dOÀ3, PXD\ = al + 61À + clÀ2 + dlX3, and so on. Gx is the instrumental function. We remark the share coefficients in this case are Tyva/o rCain-1 T), and vr{.

For the future work, the polynomial function (Px) can be replaced by spline (Spx) to deal with a complex stellar continuum.

Test using NARVAL Spectra

To test the global analysis method, we used spectra from NARVAL observations, target stars on high galactic latitude shells (Puspitarini & Lallement, 2012) because they are easy to fit, nearby targets (which correspond to non-saturated interstellar lines), high signal to noise ratio, and they were observed with high resolution R ~75000 spectrograph.

We applied global analysis of Nal D2-D1 and Call K-H. After preliminary telluric lines cor rection, the data are fitted with a combination of interstellar model (multiple-component)

and a polynomial function. Some examples of fitting resuit can be found in top of Fig.
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.1 for star HD94194 and in Fig. 9.2 for HD94266. However, no further analyses were performed. 

Test using M4 Target Stars

As previously described in Chapter 6, we would like to understand ISM variation toward M4 cluster using interstellar Nal line.

In this section, we use the same data as the previous analysis. However, instead of using the classical profile fitting, we applied the global analysis only to doublet of Nal, D2 and Dl. As a matter of fact, the Call lines are not covered in the spectral range of the spectra. In this analysis, the optical depth of D2 and Dl is linked, following the doublet ratio. Also, the radial velocity and the apparent température are linked. During the global fitting, we masked the stellar Nal lines, which are located at 0 km/s (the spectrum is in stellar frame). However, as we discussed previously, we found significant contamination in the Nal-Dl région which perturbs the fit. After many tests we realized that for those ELODIE spectra the advantage of using a doublet (giving more constraints) is actually lost for almost ail data due to this contamination. For this reason, we decided to perforai a simple fitting using only the D2 transition as described below, M\D2 -( [TNaIi,Ti,Vri] X P\D2 J * G\, (9.2)

where M\ is the model that fit the spectrum, r is the optical depth, K is r doublet ratio, T is the apparent température, vr is the IS radial velocity, P\ is the polynomial function, and G\ is the instrumental function. The équivalent width and mean velocities measurements of the D2 line can be found in Appendix A. The whole set of fit results including individual velocities, optical depths and températures is too large to be included in the manuscript.

A spécifie problem for late-B and A stars when they are slow rotators is the narrow width of the stellar line prevents an easy disentangling between IS and stellar features. No further analyses were performed on these ELODIE data. But the measurements will be usecl in the future for inversion purposes and for implementing the kinematic database. kin/s, and are as narrow as the line. Thus, the spectrum was excluded.

Test using Spectra of the Carina Stars

It. has been known that interstellar sodium toward stars in the Carina Nebula (NGC 3372) for some time display sonie of the most extreme velocity profiles in the Galaxy (Walborn et al., 2002). In this section, we will show application of the Global Analysis of Nal D2-D1 and the Global Analysis of Call K-H to some spectra of target stars in the Carina Nebula. The spectra were observed by the FEROS spectrograph (R ~48000).

The observations were proposed to study a stellar binary. Thus, we hâve several spectra for eacli target allowing to verify the équivalent width measurement, or to study if the interstellar medium in this région is changing rapidly.

The spectrum observed by the FEROS instrument covered the Nal D2 DI and Call K H région. We applied the analysis separately because we note that they do not behave in the same way, i.e., we observed more absorption features in the Call région than the Nal région. Some examples of the fitting can be found in Fig. 9.9 to 9.12. The équivalent, width measurements can be found in Appendix D.

We compared the radial velocity of certain targets obtained frorn the global analysis with the independent UV interstellar absorption line observations from Walborn et al. (2002). The UV observations provide more detailed resolution compared to the optical observations. Interestingly, for the strong absorption features, we obtained consistent results. Some of the difficultés that we faced during the fit is that we dealt with many interstellar components (more than 10 components) that are widely distributed in velocity and, in a few cases, a polynomial function (third order) is not good enough to fit the spectrum. Thus, to solve this problcm, we need to replace the polynomial function with a more robust spline function. However, this requires a non-automated sériés of knots sélection to construct a good spline curve. Figure 9.15 shows the comparison between polynomial (3rd order) and spline functions to fit the complex stellar continuum. The red line shows the stellar spectrum, whereas the blue line shows the fitting resuit.

Dashed blue lines are the interstellar components. The red line shows the stellar spectrum, whereas the blue line shows the fitting resuit.

Dashed blue lines are the interstellar components.

Figure 9.12: Global analysis of HD303308. Upper: Nal D2 line. Bottom: DI line.

The red line shows the stellar spectrum, whereas the blue line shows the fitting resuit.

Dashed blue lines are the interstellar components.

Spline Global Fit

Spline fitting is used for having "hexi-curve" fitting to liandle the complex stellar contin uum. The spline is formed by joining polynornials together at fixed points called knots (piecewise polynornials). Obviously, spline functions produce often more realistic continua.

We made some attempts of continua fitting in this way, following the advise of Maîz Apellâniz (private communication). To implement this tool, we included and adapted the Baseline Spline Fit IGOR package.

The spline fitting is a preliminary step before applying the Global Fit. The knots are located manually with an interactive plot to obtain a good adjustment to the stellar continuum (see Fig. 9.13). Then, in the Global Fit, a user defined function will combine the predefined spline baseline (Sp\) and the interstellar models (^a), and convolve them with instrumental function (G\) to ht the data. For example for the D2 line,

M\D2 = ( Il $A[TNali, Ti,VTi] x SpXDi ] * Gx (9.3)
The strong shortcoming is the need for a user action during the dehnition of the knots.

We hâve not yet created a method that is able to combine spline continuum fitting and Global Fitting within a single fully automated ht. Due to lack of time this method will be the subject of future work. A comparison between the two methods (i.e., using polynomial function and spline func tion) shows that the différence in the équivalent width is about 8% (see Fig. 9.16). When anayzing the FEROS nearby star spectra, we hâve not extracted the radial velocity of the DIBs. While for this study, we attempt to obtain this information. To déterminé the radial velocity, the knowledge of the rest wavelength of the transition is necessary.

As we mentioned before, for DIBs, we do not know this information precisely yet, since laboratory or theoretical wavelengths are currently unknown for DIBs. However, the radial velocity of the IS matter associated with a given DIB can easily be derived, in the case of a single cloud, by comparison with other transitions. Here vve use as rest wavelength the central wavelength defined by Hobbs et al. (2008) which is based on comparisons with the interstellar Kl line (7698.9645 À). Small, physically real offsets may exist between the actual rest wavelength and the one deduced on the basis of Kl atoms, if, e.g., the DIB shape is modified in response to environmental conditions. However, we did not notice significant profile changes in any of our datasets yet, thus we expect those différences to be small, less than a few km/s, and as a conséquence on the sanie order than velocity measurement uncertainties.

Starting from those central wavelengths, we applied offset to the DIB's profiles determined previously from FEROS data (Puspitarini et al., 2013). The offset value is the différence between the wavelength of the deepest absorption in the DIB profile and the central wavelength from Hobbs et al. (2008). This is done to obtain the empirical DIB model that is in the rest wavelength.

As an example, in the case of global analysis between Call K, H lines with DIB, adjustment of model (Ma) of each dataset can be describe as follow, We note that the shared coefficients in this case are Tcain, T), and ?;?y.

Mxk = ^n$A[Tca//iAE VTi] x P\diMb 60, cO, d0]J * G\, Mxh = X Tcaiii,Ti,vri} x PAD2M, bl, cl, dl]j * Gx A'Ixdib -f JJ DIBi(ai: vri) x PxDiBi[^2,b2,c2,d2] \ * Gx 10.2 Test Using FEROS Spectra
We tested this inethod using FEROS spectra. No further analyses were performed with this method. A similar method was developed for handling late-type star spectra. for the spectra of late-type (cool) stars, it is often difficult to distinguish the IS lines from the stellar lines because both lines are narrow. Keeping only the early-type stars will limit the available number of target stars to be used for studying interstellar medium (ISM)

and for constructing inverted 3D ISM maps. Thus, we need to develop IS fitting methods, which are adapted for the cool star spectra.

The methods presented in this thesis use a synthetic stellar spectrum. The synthetic stellar spectrum is computed based on stellar parameters independently provided, thanks to the stellar surveys that aims at. determining those parameters. The synthetic stellar spectrum replaces the polynomial function, which is previously used in the IS fitting methods for early-type stars, to fit the complex continuum of the cool star spectra.

This chapter discusses the IS lines observed in spectra of late-type stars, the fitting method using the synthetic stellar rriodel, the related fitting problems, and some applications to FL AMES spectra, e.g., Gaia-ESO Suvey (GES) data.

Method

The computation use IGOR Pro software (WaveMetrics, Inc.). As previously mentioned, the late-type star spectrum is fitted by a combination of the synthetic stellar spectrum, the interstellar lines model (Voigt profile), and the telluric transmission model.

To be able to ht automatically, firstly, we first applied some operations to provide initial parameter guesses. The stellar radial velocity and the Earth's motion guesses were obtained by applying correlate operation between the models and the stellar spectrum (see Chapter G and 7 for correlate description).

The number of IS components and their kinematics were obtained by applying sliding findpeak (findcloud) operation (see Chapter 7) to subtracted spectrnm obtained after roughly removing stellar lines from the observed stellar spectrum (data). Figure 11.1

shows an illustration of the IS détection in the subtracted spectrum. We hâve prepared a user defined function to convolve the three models (stellar, telluric lines, and interstellar lines model) with an instrumental function represented by a Gaussian. If the actual spectrum is not norinalized, a constant or a linear function is included to compensate the continuum level. We can describe the model (Ma) that fit the data as here below, = jVilK-itol X tt ' Ix, m\. T,] x K x n,vn,Ti\ x Tx [Vteu,ateU] x pfj * Gx 

Synthetic Stellar Model

The synthetic stellar spectrum is computed using ATLAS 9 and SYNTHE (Kurucz, 2005, Sbordone et al., 2004). ATLAS 9 is a widely used LTE one-dimensional stellar atmosphère modeling code, whereas SYNTHE is "its companion" for the spectral synthesis. We use ATLAS 9 and SYNTHE under Linux with the help of the provided execution scripts. Some routines (in the IDL language) hâve been developed by Chen (private communication) to adapt the execution scripts.

For each target star, the synthetic spectrum is computed with the assigned stellar parameters, i.e., effective température (Te//), gravity (logg), metallicity ([Fe/H|), and micro turbulence (£). In general, ail of these parameters are provided, but sometimes, when micro-turbulence is not explicitly provided, it can be calculated as here below.

• If the star is main sequence and sub-giant (Te// > 5250 K and \ogg > 3.5), then £ = 1.15 + 2 x 10~4(i -10) + 3.95 x l0~7(t -to)2 -0.l'3{g -go) + 0.l'3(g -go)2. (11.2)

• If main sequence (Teff < 5250 K), then £ = 1.15 + 2 x 10~4(5250 -10) + 3.95 x 10~7(5250 -t0)2 -0.13(e/ -g0) + 0.13(g -g0)2.

(11.3)

• if giant, then Ç = 0.94 + 2.2 x 10"5(É -to) -0.5 x 10~7(t -t0)2 -0.1(g -g0) + 0.04(s -9o)2 -0.37m -0.07m2.

(11.4) The sélection was performed by sorting a list of GES UVES targets (first release data) by their estimated extinctions (Schlegel et al., 1998). Figure 11.3 shows the distribution of the 60 low extinction targets superimposed on HI rnap (Kalberla et al., 2005). These low extinction targets are found at high-latitude. The target list and the measurements can be found in Appendix E.

t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
No particular analyses were performed for these data, but the measurement resuit will be used to add inversion and kinematic database. 

11.3

Problems Encountered with the Synthetic Stellar Spectra It has been shown (i.e.,in Fig. 11.2,11.4,11.5,11.6) that this method (using the synthetic stellar spectrum) gives relatively good results. However, we hâve encountered the following difficultés:

• Under/over estimated stellar line model In inost cases, we do not hâve information about the the stellar rotation. This will be a problern when the target star is a fast rotator because the stellar rotation is underestimated. Figure 11.10 shows an illustration of the problern (see the lines at ~6609 Â). The Star, ename 08090250-4858172, is a fast rotator star (Vrot -9.53 km/s). We fitted the spectrum with synthetic stellar model with different stellar rotation values (0, 6, and 10 km/s). When strongly underestimating the Vrot, we remark significant residuals of the stellar lines.

By improving the stellar parameters, these problems will be solved in future works (Monreal-Ibero et. al., in préparation). from late-type star spectra. This can be doue only if the stellar features are identified, and for tirât reason we use a synthetic stellar spectrum. We start with the extraction of a single DIB, a method that is suitable in the case of an interstellar absorption radial velocity interval that is narrow compared to the DIB width. This is the case for nearby stars or very close to the Galactic center or anti-center directions.

More recently, we also developed a sirnilar method adapted to any line-of-sight, allowing for widely separated velocity components, and thus for multiple DIBs. This method allows the dérivation of the kinematic information along the line-of-sight. Although sonie improvements are still needed (see the conclusion). It is the most general method we hâve

for DIBs, and we plan to apply it to ail GES data for which no IS lines are available. A démonstration of its potentialities is contained in part of the article included in Chapter 15.

We categorized the DIB fitting methods based on the availability of the IS matter radial velocity prior(s) (see Fig. 12.1). If interstellar gaseous lines (i.e., Nal or Call lines) are part of the spectrum, the radial velocities of their major components can be detected automatically and used to guide the DIB location. However in this case it is obviously more appropriate to make use of the entire information contained the gas lines and perform a global analysis of DIBs and gaseous lines, which is the subject of Chapter 13. In the absence of gaseous lines, the prior may be derived from the main velocity structures appearing in the HI 21 cm émission spectrum for the same direction in the sky as the target star. However not ail HI components correspond to clouds that are in the foreground of the target star and it is necessary to devise a method able to exclude background cloud contributions. For this we follow a hierarchical technique described in the second section The method we présent here is based on the same concept, but it is different from the technical point of view because of the automated aspect. For example, as other automated methods that are described in this thesis, we used a correlate operation to obtain a guess for the target star velocity. When no IS radial velocity prior is used, we also apply a correlate operation to obtain a DIB radial velocity guess. This works well if the band is deep enough. If this is not the case, i.e. if the guess falls in a non realistic interval (a condition detected automatically) then we enter a null radial velocity as a first guess.

Since for most targets that can be analyzed with a single DIB the main absorber is in the Local Arm or ail absorptions fall close to zéro in heliocentric frame, this method is appropriate.

We prepared a user defined function that is a combination of ail of the constituent models.

We can describe the model (M\) as follows, M\ = (SaIVioi-I X DIBx\vr,aDIB\] x x Px) * Gx (12.1)

The constituent models are the synthetic stellar model (S\), the empirical DIB rnodel (DIB\), and the telluric transmission model (T\). Ail of the Doppler shifts are free to vary to adjust the spectra, i.e., the stellar radial velocity (Vstar), the interstellar cloud radial velocity (vr), and the Earth's motion (vteu). The DIB strength (ctd/ba) and the air mass coefficient {atea) are also free parameters. The function convolves the product of these models with the instrumental function, here represented bv a Gaussian {G\). When dealing with a non-normalized spectrum, we multiply the models with a linear function (P\) to fit the local continuum, P\ = aO -F 60À. aO and 60 are polynomial coefficients.

We hâve applied the late-type star, mono-cloud DIB fitting to the M4 spectra of Monaco et al. ( 2012) and Marino et al. (2008). The stellar parameters were obtained from their articles . The synthetic stellar spectra were computed by the ATLAS 9-SYNTHE suite.

The radial velocity prior for the DIB has been chosen to be 0 km/s for ail spectra. the stellar line at 6610 À is found to be systematically overestimated, and one line at 6614 Â is also sometimes underestimated. A careful examination of the results suggests that the small line that is right at the DIB center (dashed blue line in Fig 12 .3) iriay also be underestimated. In this case this may provide non negligible errors. The results can be compared with those from the early-type star method applied earlier (not fully automated silice requiring a stellar line mask on the visible stellar line). The resulting EWs are in good agreement and with about the same level of dispersion. These results

and the dispersion will be further discussed in Chapter 18. 12.2 Single/Multi-Component DIB Fitting Based on HI

cm Emission Peaks

One of the advantages of using spectroscopic data is that we cari extract the kinematic information. To do this, it is important to refine the initial guess. We used for the initial guesses on the DIB radial velocities the information on the veloeity structure contained in the HI 21 cm émission spectra. Current HI spectral datacubes allow to dérivé the HI spectrum within less than half a degree from any target. We assume that the absorption bands are due to IS clouds that also appear as HI émission main features. However, HI émission spectra also contain background cloud émission peaks and for this reason we must perform the DIB fitting hierarchically. We start with a single IS coinponent at the HI radial veloeity that corresponds to the local Arm average, i.e. the closest to zéro veloeity in the LSR frame. When the fitted DIB radial veloeity is found to deviate significantly from this first HI guess, we consider that it is due to the existence of more than one velocity-component and add a second IS coinponent. The two guesses then are the one doser to the LSR and the one of the second peak adjacent to the first one, and so on (see the schéma in Fig. 12.4). The spiral arm rotation is such that according to the quadrant it is possible to infer whether larger or smaller radial velocities must be considered. For the multiple comportent, the model (M\) that fits the data can be described as follows, FI\ = ^^ [Kstar] x DIB^vF, cTDIB)\ X T\[' Utel l i Ort ei l ] x ^J * (12-2)

It is pretty much the sanie as équation 12.1, but with multiple IS component. DIB\ is the individual DIB model for component i.

If IS lines are présent in the spectrum, we can use the global analysis method between them and DIB (see Chapter 13).

12.2.1 Example Chapter 13

Global Analysis of Interstellar Lines and DIB (s) in Late Type Star Spectra

In this chapter, we discuss the automated global analysis of both interstellar (IS) lines and diffuse interstellar bands (DIBs) in late type star spectra. Again, althougli we do not know the carriers of DIBs, we expect t.hat their kinematics to reflect the one of the IS clouds, and thus the one of the gaseous lines. Within this assumption it is possible to apply a global analysis that links their radial velocities. Furtherrnore, since it is easier to identify the cloud structure in the interstellar lines due to their narrow widths and the number of interstellar components required for the fit, the multi-component DIB structure will be derived in a more realistic way.

Method

This method has the saine concept as the previous methods. We fit the stellar spectrum with a combination of the three principal models which are a synthetic stellar model, a synthetic telluric transmission, and interstellar model(s). We use the Global Fit 2 package in IGOR Pro (WaveMetrics Inc.) software. With the global analysis method.

we can fit multiple data sets simultaneously with multiple fittinf functions (see Chapter We can describe the rnodels that, fit the stellar spectrurri as follow, Ti,Ti,vri] x JJ $adi [P x P, Tb-ur*] * Tx [atea, Vieil] x P\[aO,bO]j *G\ 

M\D2,Dl ^[Ktar] X Y[$\D2[

Test using 60 High Extinction Target Stars

For the test, we used some of the first data from the Gaia-ESO Survey (GES) data. Here the data are 60 target stars selected for the high value of the total reddening in their direction. They were obtained by sorting a list of GES UVES target stars in line with decreasing extinctions from Schlegel et al. (1998). Table 13.1 shows their names and properties. Figure 13.2 shows their locations in Galactic coorclinates, superimposed on the HI 21 cm rnap (Kalberla et al., 2005). They are randomly distributed in the sky within dark régions. Some of the targets are located in the same direction (the saine field)

in the sky. The angular size of each field can be up to ~1°owing to several exposures with FLAMES.

The targets were observed by the UVES spectrograph P ~48000 and spectral range from 5822 Â to 6831 Â. This spectral range allows the study of interstellar Nal (D2-D1) lines and some rather strong DIBs. We applied the global analysis to the interstellar Nal (D2-D1) lines and the 6613.6 À DIB. We chose this band because it is a rather strong band and has a good relationship with E(B-V) (see Friedman et al., 2011, and references therein). For each target star, its stellar parameters hâve been previously determined. We used the stellar parameters derived by Caffau (private communication) as part of Gaia ESO consortium. To start the global fit, we prepared the initial guesses. The interstellar coinponents were determined from the interstellar Nal D2 line(s) in the subtracted spectrum using a modified IGOR findpeak operation, sliding findpeak (see Chapter 7), which allows to locate absorption peaks.

In the global analysis, the sodium lines were fitted using Voigt profiles with three free parameters: optical depth, radial velocity, and apparent température. In usual sodium fits for nearby stars, we constrain the apparent température of sodium lines with the condition T < 10000 K (température of the IS cloud and the turbulence). As a matter of fact, above this température the sodium is ionized and neutral sodium is too small to produce significant absorptions. Such constraints resuit in large numbers of clouds and realistic estimâtes of their columns. Here, however, as we are dealing with highly saturated sodium lines, it is impossible to disentangle clouds that are separated in radial velocities by a few km/s (they are also in very large numbers) and most columns can not be estimated. In order to avoid having too many interstellar components, but still deriving the velocities of the main clouds, we allow for higher apparent températures.

This means that we can not use the derived column densities of sodium. Equation 13.1

shows the constituents and coefficients of the model that fits the observed spectra. For now, the stellar model problem is taken into account by means of an associated error.

The error is estimated from the différence between the EWs that are measures with and without masking the spécifie stellar line: this équivalent width error (ottew) is given by eVTEW ^/y d (El\f unmasked EWf maskedi ) (13.3)

where o is the variance associated to signal-to-noise ratio, AA is the width of the DIB,

Npnts is the number of points used in AA, EWf rnasked is the équivalent width of DIB based on the fitted DIB model while masking the spécifie stellar line that is located in the DIB région.

The measurements can be found in Appendix F. A flag (*) is added as a warning signal in the case of a doubtful resuit. Future improvements of the stellar models should be able to remove some of them, at last partially. Around the stellar radial velocity results are flagged or rejected.

Independently, Bayesian methods (Babusiaux et al., 2014) hâve been applied to estimate stellar distances and extinctions (Ay or Aq) to GES targets (see Table 13.1). From the EWs of 6613.6 À DIB and the estimated distances and extinctions, we can dérivé DIBdistance profiles and DIB-extinction comparisons for the 60 stars (see Fig. 13.8, 13.9 and 13.10). Each figure contains the results for 2 to 4 fields. Since UVES observed the brightest objects, and thus rather nearby, the target stars in each field are not widely distributed in distances. As a conséquence, sonie groups of targets hâve about the same DIB strength, for example the stars in the GES_MW 170024 051200 field (see Fig. 13.8 in the middle, purple points). For tliese stars radial velocity values are also in agreement ('vrhel --14 km/s).

However, we also notice spreading in some fields. This spreading also inay arise from uncertainties of the EWs and the estimated distances. It may also arise by the fact that they are not probing the same IS clouds because the angular size is not negligible. Also, there may be a contribution from stellar radiation field (IS environment) that affects the carriers of DIB along line-of-sight.

Furthermore, in our knowledge, DIB-Avr profile normally should show a positive linear trend. In this case, we see this trend (see Fig. 13.10), but there is a very strong spreading in some fields, especially toward Rho Oph and Chai, which are well known for their complex combinations of dark clouds and UV-bright young stars.

More widely distributed target stars along the line-of-sights and more précisé distances from Gaia will help to stndy IS structures and kinematics in our Galaxy. Chapter 14
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Two-DIBs Global Analysis in Late

Type Star Spectra

The global analysis method can handle the case of two different diffuse bands. In this case their radial velocities are linked. This method can be used to dérivé the average ratio between two DIBs and the ratio variability. It can be a strong advantage in the détection itself too: as an example, it helps constraining the radial velocity interval for a very wide DIB frorn its association with a much narrower one, or it helps detecting a weak DIB from the constraint on its radial velocity deduced from a stronger one. This is why we hâve also developed and tested this tool.

Method

The tool was developed in the frame of the IGOR Pro Global Fit 2 package. The tool will adjust two datasets simultaneously, one for each DIB. The initial guess for the IS kinematic cornes from the first chosen DIB (the primary DIB) through the application of the correlate operation comparing the DIB model and the spectrum. For this reason it is préférable to choose, for the primary DIB, the stronger and narrower DIB. During the fit, the radial velocities of the DIBs are linked, but remain a free parameter. For each dataset, the spectrum is fitted with a combination of constituent models, that are a stellar model Similarly, we applied the global analysis to the 6196 and 6614 Â DIBS (Fig. 14.6 to 14.9). In future similar studies, it will be interesting also to understand if this can be related to the Ry value of the extinction law. For now, it is clear that the application of this method is a promising tool to study the relationship between IS condition and the DIB carriers.

A r b i t r a r y u n i t r e s . A r b i t r a r y u n i t For most, of the GES targets, extinction estimâtes (Ay or A0) and distance estimâtes (D) are available (Babusiaux, G., private communication), the spectral analysis provides précisé stellar parameters, and the combination of those parameters with the photometric data can be used to dérivé both Ay and D. It, is thus possible to compare how both the DIB and the extinction vary with distance.

Tracing IS Structures and Kinematics

Here below are some tests showing that DIBs can be used to trace Galactic IS structures and kinematics. is in good agreement with the expected general évolution of the IS radial velocity in tins direction (note that the DIB profiles for more distant stars include the DIB components observed in the nearby stars).

Another test has been performed using 5 fields widely distributed in Galactic longitude.

For each field the radial veloeities of ail the fitted DIBs hâve been assembled and the velocity distributions are represented as a function of the Galactic longitude of the field The spectra are fitted with a combination of a synthetic stellar spectrum, a synthetic telluric transmission, and empirical DIB profiles. The initial number of DIB components and their radial velocities are guided by HI 21 cm émission spectra, or, when available in the spectral range, IS neutral sodium absorption lines. The methods used for the DIB fitting are the hierarchical (multi-component) DIB fitting (when using HI spectra) or the global analysis (when using Nal lines), both described in previous chapters.

In parallel, stellar distances and extinctions were estimated self-consistently by means of a 2D Bayesian niethod, from spectroscopically-derived stellar parameters and photometric data (Babusiaux et al., 2014). For each field, we compared how the DIB strengths and the extinctions vary as a function of the stellar distance from the Sun. They are found to be in agreement. In case of targets widely distributed in distance, marked steps in DIBs and extinction radial distance profiles correspond to the expected locations of spiral arms, e.g., Local and Perseus arm in the CoRoT anti-center direction.

For the kinematics, Doppler velocities of DIBs, of HI émission main peaks, and of IS Nal main lines are found to be in agreement. In addition, Fig. 15.3 shows that the DIBs are also in agreement with the radial velocities of the CO (Dame et al., 2001), i.e., vrhei -17 -67 km/s (for the CoRoT anti-center field). This demonstrates that DIBs can advantageously be used to locate the Galactic interstellar gas and to study its kinematics at the kpc scale.

Finally, the comparison of the DIB to extinction ratios among ail helds suggests that, at Galactic scale, DIBs are globally more abundant than what previous studies based on early-type nearby stars suggested. and 8600 Â (Hobbs et al., 2008[START_REF] Hobbs | [END_REF]McCall & Griffin, 2013), and their number in the infrared and ultra-violet Windows is still growing (Joblin et al., 1990;Geballe et al., 2011). Identifying the carriers of those irregular features that appear in absorption in stellar spectra is a subject of active research for many years (see reviews by Herbig, 1995;Sarre, 2006;Friedman et al., 2011;Cami and Cox, 2014, and référencés therein). A lot of effort has been put to extract the most précisé information on the DIBs from high resolution, high signal stellar spectra and dérivé their various properties, in particular their fine structure and the way they react to the radiation field (see e.g. Jenniskens & Desert 1994;Krelowski et al. 1995;Galazutdinov et al. 2000;Tuairisg et al. 2000;Cox et al. 2005;Welty et al. 2006;[START_REF] Hobbs | [END_REF]Vos et al. 2011) DIBs were extracted from hot (early-type) stars because of their smooth, easily fitted continuum.

This introduces a limitation on the number of potential target stars that can be used to study DIBs.

In the case of nearby stars, it favors highly variable conditions in irradiation and in subséquent DIB carrier destruction or ionization State changes (e.g. Vos et al. 2011).

Recently, progresses were shown on the extraction of DIBs from cool (late-type) star spectra, in particular a method using synthetic stellar model devised by Chen et al. (2013). Such a tech nique has the advantage of enormously increasing the number of potential targets, probing average conditions in the interstellar medium (ISM) far away from the strong radiation field of UV stars, and simultaneously providing some feedback to improve both the synthetic stellar spectrum and the DIB détection (Monreal-ibero et al., in préparation). Other methods hâve been applied to cool stars, i.e., using comparisons with unreddened star spectra (Kos et al., 2013),or statistical methods based on principal component analysis (PCA) (Zasowski & Ménard, 2014).

Independently of the search for their carriers, our goal here is to study how they can be used to trace the ISM at the Galactic scale, both its distribution and its kinematics (see previous work in this direction by [START_REF] Van Loon | [END_REF][START_REF] Van Loon | IAU Symposium[END_REF]Zasowski & Ménard 2014). In particular, DIBs used as an interstellar (IS) tracer may potentially help to build 3D ISM maps by means of inversion methods, similar to the inversion of neutral sodium or extinction data (Vergely et al., 2001(Vergely et al., ,2010;;Lallement et al., 2014) More precisely, no spectral interval sélection for continuum fitting is needed, and there is a total absence of manual "guesses" (most profile-fitting methods are only partly automated and require those "manual" steps). Each component has a pre-determined shape derived from high resolution spectra of hot nearby stars. The methods are suitable for any type of stars as long as their stellar parameters hâve been determined and their synthetic spectra can be computed.

We hâve applied these new fitting techniques to a sériés of spectra of cool target stars for which stellar atmospheric parameters and estimated distances hâve been determined spectroscopically.

Part of the data are from the Gaia-ESO Spectroscopic survey (GES) (Gilmore et al., 2012), a pub lic spectroscopic survey that started in 2011 and that aims at recording VLT/FLAMES spectra of ~100000 stars in our Galaxy down to magnitude 19, systematically covering ail the major components of the Milky Way and the selected open clusters. This survey will provide a wealth of précisé radial velocity and abundance déterminations. The other data is part of an earlier program devoted to the study of the inner disk (Hill et al., 2012(Hill et al., ,2014)). Deducing propertiesof the ISM is a by-producl of these stellar-oriented programs.

Seven FLAMES fields were selected for being widely distributed in galactic longitudes, to probe very different interstellar cloud complexes, and close to the Plane, to ensure significant ab sorptions. They were chosen totally independently of the primary objectives (i.e. open cluster studies, bulge star properties, etc.., and of the target star properties themselves). We also gave priority to fields with targets widely distributed in distance. Our goal is (i) to test our interstellar absorption fit ting methods, (ii) to study the variation of the DIBs as a function of the distance along the LOS and show the potentiality of the DIBs for 3D mapping purposes, and (iii) to study the DIB-extinction relationship in different régions of the Milky Way (MW) disk.

Section 2 présents the data and some general properties of the selected DIBs. Section 3 describes the spectral analysis method for multi-component DIB extraction and illustrâtes its appli cation. Section 4 describes the results and the observed DIB properties. In this section we compare the DIB équivalent widths with the estimated extinctions and draw LOS profiles of DIBs in the various directions. Section 5 discusses future improvements and the mapping potentialities.

Data and choice of DIBs

Of the seven fields, five fields are GES data. We complemented the GES data with previously recorded spectra from two fields tovvards the bulge. Along with one of the GES LOS, this allows comparisons between DIBs in directions that differ by a few degrees. Overall we tried to probe a variety of cases to test our methods. Ail of the selected spectra are characterized by a good signalto-noise (S/N) ratio, S/N > 50, which ensures good results. Table 1 lists the selected fields, the number of targets in each field, the field center coordinates, the observing modes, and the whole range of estimated stellar distances and extinctions (see the next section). The full list of target stars along with their coordinates, estimated extinction and distances can be found in the online Appendix. There are 429 target stars, from which about half We focus on the 6614 and 6283 Â DIBs that are strong enough to ensure a détection in most targets. When recorded, we also analyzed the shallower 8620 Â DIB. The 6614 Â DIB is is a widely studied, strong and narrow DIB and has a good corrélation with E(B-V) (see Sonnentrucker et al., 1997;Friedman et al., 2011;Vos et al., 2011 ;Puspitarini et al., 2013;Kos & Zwitter, 2013, etc). The broader 6283 Â DIB is is a strong, broad DIB that was also widely studied and is known for being signifieantly influenced by the radiation field (Vos et al. 2011). The 8620 Â DIB is rather weak band that has been recently studied as part of the RAVE spectroscopic Survey (see Munari et al., 2008;Kos et al., 2013) and is of particular interest in the frame of Gaia. It seems to be quite well correlated with the reddening, although the number of studies is still limited.

Data analysis

Description of the fitting method

The principles of the fitting method are essentially the same as in Chen et al. (2013), the main différence being that vve allow here for multi-component DIBs, and subsequently extract kinematic information. As the length of LOS increases, différences in cloud radial velocities may become comparable or larger than the DIB width, making the use of a multi-component fit necessary. We model the observed spectrum as the product of a synthetic stellar spectrum (S a), a synthetic telluric transmission (Ta), and a DIB model that is itself the product of several DIB profiles, each one representing one absorbing cloud complex. When the telluric absorption is very weak or negligible, Ta -1. Finally, to take into account the local slope of the unnormalized spectrum, we allow for a continuum that is simply represented by a linear polynomial with A and B as the coefficients. This appears to be sufficient for our limited wavelength interval around each DIB. The model spectrum (M) can be therefore written as,

M(a) = SÀ[Vstar) X TÀ\Vtell]a>'" X x (| A] + |£?| x /i) . ( 1 
)
is the stellar radial velocity, Vteu is the Earth's motion, and veV is the interstellar cloud radial velocity. The various terms are detailed below, as well as the coefficients ateu and or,.

The computation of the stellar model Sa requires the preliminary knowledge of the stellar parameters. For each of our target stars, the effective température, gravity, metallicity, and micro turbulence hâve been previously determined: (i) for the GES targets we use the stellar parameters jointly determined by the GES team members (Smiljanic et al., 2014;Recio-Blanco et al., 2014;Lanzafame et al., 2014); (ii) for the additional archivai data, see Hill et al. (2012). Based on the stellar parameters, a synthetic stellar model was computed for each target star using an ATLAS 9 model atmosphère and the SYNTHE suite (Kurucz, 2005;Sbordone et al., 2004;Sbordone, 2005).

In the case of GES targets, this may yield a synthetic spectrum which is not exactly the same as the one of the synthetic spectral library used in GES. Similarly, inner disk spectra may be slightly different from those used in the first analysis. However, in both cases the différences should be too small to influence the déterminations of the DIBs, see section 5.

The synthetic telluric transmissions Ta were computed by means of the LBLRTM code (Line-By-Line Radiative Transfer Model, Clough et al. 2005), using the molecular database HITRAN (HIgh-resolution TRANsmission molecular absorption (Rothman et al., 2009). This telluric trans mission model is available online in TAPAS web-based service (Bertaux et al., 2013). Telluric fines are strong in the 6283 Â spectral région and negligible for the 6614 Â band. We make use of the same telluric models for the dérivation of the fitting of neutral sodium fines. The coefficient aleu is proportional to the optical depth of the telluric fines.

The models for the 6614 and 6283 Â bands are empirical profiles that hâve been previously determined from high signal to noise spectra of nearby stars (Puspitarini et al., 2013). Silice the laboratory wavelengths for the DIBs are currently unknown and their profiles are irregular, the choice of rest wavelengths that correspond to a null Doppler shift of the absorbing matter is somewhat arbitrary. Throughout this work, we use, for these first two DIBs, the wavelength values derived by Hobbs et al. (2008) who cross-calibrated the DIB profiles and interstellar Kl absorption fines.

We assumed that the rest wavelength corresponds to the deepest point in the profile. Because our model profiles may slightly differ front the Hobbs et al. (2008) profiles, a small offset may exist between the rest wavelengths, of the order of few km/s, that we neglect here. On the other hand, it is well established that the 6614 Â DIB has substructures, and that these substructures may slightly vary from one LOS to the other (Galazutdinov et al., 2002). This results in small changes of the overall profile. In our case, the GIRAFFE and UVES spectral resolutions do not allow these subtle changes to be distinguished. We ignore the profile variability to simplify the modeling. For at least the 6614 Â DIB, it has been shown that in very rare, extreme conditions for the radiation field, the DIB profile may evolve and be characterized by a redward wing (Oka et al., 2013). We neglect this possibility here, a reasonable assumption since our LOS do not target particular strong infrared sources. The model for the 8620 Â DIB is also an empirical model, obtained by averaging DIB profiles from several spectra based on the Chen et al. ( 2013) data analysis. For this band the rest wavelength is chosen to be the one defined by Munari et al. (2008). The three empirical DIB pro files are defined over the AA 6609-6619 Â, 6263-6303 Â, and 8612-8628 Â intervals respectively.

Finally, », is an adjustable coefficient that is the ratio between the optical depth of the absorber that produces the DIB and the optical depth of reference.

The fitting procedure adjusts to the data the convolution of the above product by the instrumen tal function, here represented by a Gaussian (G). During the adjustment of the composite stellar-DIB-telluric model, we allow Doppler shifting of the stellar model by a free quantity Vstar to take into account the stellar radial velocity, of the telluric transmission model by a free quantity Vteu to take into account the Earth's motion, and of the DIB profile i by a radial velocity vel' to take into account the ISM kinematics. We could evidently use the star radial velocity that cornes out from the stellar spectrum analysis and is derived over a much wider wavelength range, and we could also make use of the telluric information linked to the observing conditions. However, a crosscorrelation operation has been actually integrated in our code to make a first estimate of these offset values which is convenient for handling any spectroscopic data, and allow for their fine tuning during the adjustment. Our derived values actually conform to the expected ones. We allow for changes of the ateu parameter and a' to adjust the telluric fines and DIB strength, respectively.

The DIB équivalent width (EW) is derived in two different ways: (i) by using the best fit DIB strength a' and the équivalent width of the DIB model, which provides a first resuit we refer to as the fitted EW (EWj•), or (ii) by measuring the true area of the absorption band with respect to the continuum, which provides a second resuit that is independent of the DIB model and we name the continuum-integrated EW (EWCI). The EWCj is obtained after subtraction of the other components (stellar and telluric fines) in the normalized spectrum. In the multiple component case, the EW for each absorbing cloud can be independently derived using the EWf method. The total of intervening matter corresponds to the sum of the fitted EWs from each DIB component. In contrast, the EWd method does not detect the individual components, but only measure the total absorption.

The spectral interval used for the computation of the DIB EW is the same as the one of Friedman et al. (201 l),or in the case of 8620 Â DIB is taken from -7 to +7 Â from the DIB center.

In principle, sky émission fines disappear after background subtraction, however there are potential residuals. The spectral ranges we consider here for the DIB extraction are free of strong sky émission fines, e.g. OI at 6300 Â does not overlap with the 6283 Â DIB. There is an exception in the case of the red wing of the 8620 À DIB where émission fine residuals may influence the DIB fitting (see next sections). Similarly, there may be a presence of features within strong stellar Unes which are not accounted-for by stellar atmosphère models, e.g. circum-stellar H alpha émissions or interstellar permitted and forbidden émissions, but they do not overlap with our selected DIBs.

Fitting strategies and examples of adjustments

For ail multi-component adjustments, it is necessary to start with initial parameters that are as close as possible to the actual solutions, in order to avoid secondary minima and in order to converge more rapidly toward the final solution. Here, the initial guesses for the number of required velocity components, their radial velocities and strengths corne either from interstellar Nal Unes as in the case of UVES spectra, or, in the absence of any absorption line, from a simplified décomposition of the HI émission spectrum, taken from the spectral HI cube in the direction of the target star as in the case of GIRAFFE spectra. Prior to the use of those guesses we performed profile-fitting tests without any such initial parameters, and compared with the subséquent results. We did not find any négative influence of the guesses such as biases towards a non realistic solution, instead we always found the expected positive effects of fast convergence towards the primary minimum.

Use of the Nal absorption lines

In the case of the Nal lines, they are not only used as sources of the first guesses of the cloud parameters, but they also enter in the global analysis of lines and DIBs, which means that they are simultaneously measured together with the DIB components. Their radial velocities are linked to remain identical throughout the adjustment, component by component. Such a method is justified by the fact that any Nal line must hâve a (strong or weak) DIB counterpart. From the previous observations, we know that ail of the detected DIBs were found to be associated with strong neutral sodium lines. There may be a small Doppler shift between the DIB and interstellar Nal line center due to the preferential presence of the DIBs carriers in a particular phase, e.g. at the cloud periphery or in the core. However, those shifts remain small compared with the DIB widths and we will neglect this effect. On the other hand, such a global fitting method is particularly tractable here because the détermination of the initial guesses for the parameters can be quite précisé, especially if the interstellar lines used are not saturated.

The automated global analysis procedure is developed in the frame of the Igor Pro (2009) software and environment which allows to fit multiple data sets simultaneously while linking some of their parameters. Initial guess values for the radial velocities of the interstellar Nal components are preliminarily determined from the observed spectrum on the basis of the main absorption peaks.

The sodium lines are modeled by Voigt profiles with three free parameters: opacity, radial velocity, and apparent température. In normal, realistic profile fitting of Nal lines, the apparent température (combination of thermal broadening and turbulence) is constrained to be T < 10000K, since Nal is negligible in warmer gas. However, here we are interested only in the first order kinematics, and neither the actual number of clouds nor the Nal columns need to be known in details. This is why, in order to avoid having too many interstellar components, we extend the line broadening and allow for a significantly higher apparent température (T < 100000). In turn, we list EWs only, and omit Nal coluirm densities that are too imprécise. Figure 2 shows an illustration of the global analysis of the Nal-D2/D1 lines and the 6614 Â DIB. In ail cases the fitting results reveal a good agreement between the DIB/Nal radial velocities and the main H1 21 cm velocities. Figure 3 

Use of the Hl 21 cm émission profiles

In the second case, i.e. when no Nal fines are available and instead HI émission spectra (Kalberla et al., 2005) are used, the fitting scheme is different. Since the HI émission spectrum represents the totality of the IS clouds, both in front of and beyond the target star, a global analysis based on ail main HI components is inappropriate. The HI émission spectrum is therefore used to construct a table of velocity guesses (%,) and provide upper and lower limits to the velocity range. Then, the DIBs are fitted independently of the actual HI measurement, using a hierarchical sequence of velocity prior values described below. Another significant différence in this second case is that the initial values of the cloud Doppler shifts are much less précisé than in the case of sodium fines, and the cloud velocity profiles strongly overlap (for the same gas température the Doppler width is about 5 times wider than for sodium). Finally, the HI map has a spatial resolution of ~0.6°, larger than the FLAMES field-of-view. Still, the émission spectra give an appropriate starting point for the fitting and initial parameters of the interstellar cloud components. However, the 6614 and 8620 Â DIBs hâve very different widths and only the 6614 Â DIB is narrow enough that multi-components with velocity différences on the order of 10 km/s or more can be distinguished in an automated way. Figure 4 shows an example of such a fitting of this DIB based on the HI initial guesses. The first adjustment involves a single component urHI and uses as a guess the smallest absolute value of the HI velocities, that in ail cases corresponds to local gas.

When the single-component velocity derived from the fit is significantly different from tyH(, the second velocity component from the vrH, table is included and a fit with those two prior values is performed, and so on. Using two components gives a significantly better fit, see the red part of the DIB.

The very broad 8620 Â band does not react with enough sensitivity to changes on the order of 10-20 km/s for guiding the fit to multi-velocity solutions, at least for our présent dataset. Moreover, many spectra are contaminated by sky émission residuals which make the fitting even more difficult.

For those reasons and after several négative tests we hâve chosen to keep the mono-cloud procedure,

i.e. we consider only the first step (see Fig. 5) and the prior is the velocity that corresponds to the smallest absolute value (the local value). Still, the dérivation of the DIB EW is made with a rather good précision, as tests made with one or more components hâve shown, again due to the large width of this absorption band. Exceptionally, we use the velocity results from the 6614 Â DIB fitting as the initial guesses of the 8620 Â DIB fitting to avoid the artificial effects of the sky émission contamination.

Dérivation of the DIB équivalent width and error estimate

As previously discussed, the DIB EW can be derived using two different ways: the EW/ and the EWCI . The results and figures that are presented in this article ail correspond to the first method. As already said it allows for the distribution into separate components, but it has also the additional advantage of being less influenced by the potential errors in the computed stellar lines. The reason why both EWs are computed in each case is that their comparisons acts as a flag for the quality of the fit and reveals bad quality spectra. For ail data we présent the two EWs are found to agréé within the observational and model uncertainties.

The errors on the EW hâve three distinct sources: errors on the stellar continuum détermination, statistical noise, and errors on the stellar model: cr2 -cr2.on, + cr2/N + <rjtellar The error on the stellar continuum placement is mainly linked to the statistical noise and both errors are estimated in a joined manner. In order to obtain a first, global estimate of those combined errors, we performed a preliminary study that is a sériés of simulations with varying random noise. For each simulation, we fitted the DIB and then compared ail resulting EWs. For a random noise représentative of the typical S/N of the spectra (S/N^100), we obtained a typical relative error of about 5% on the EW (more specifically a déviation of ~5 mÀ when the EW is 100 mÂ). This gives an estimate of the contribution of the first two errors. Regarding the third error linked to the stellar model, we already know that the data-model residuals are larger than average for some spécifie stellar lines and dépend mainly on the stellar effective température and metallicity (see Chen et al., 2013). To study the order of magnitude of the contribution of the stellar model to the error, we extracted ail of the residuals, and estimated their maximum level at the center of the DIB. This corresponds to the most contaminated cases for which the stellar line falls close to the DIB center. Then we performed again a random noise simulation with this new variance instead of the measurement noise, and we obtained a new error estimation on the order of 13 % and 15% respectively for the two DIBs. We estimate that this gives us a realistic estimate of the maximum total error from the three sources. Although our final estimate for individual spectra will be based on another method. described below, this range for the errors linked to the signal and the model illustrâtes the gain in précision we can expect in future by improving the stellar model.

Applying the above method to each of individual targets would be too time consuming. lnstead, we use a different approximation. For the first two errors, we use the following formulation, o's/N+com = o~s/n x Ad is width of DIB and N is number of points/pixels covering this width. The signal to noise ratio is estimated for each spectrum based on a linear fit in a clean area.

Secondly, to obtain the third error, crsteuar, we performed two consecutive fits without, then with masking of the strong stellar lines that fall in the DIB interval. The number of masked lines dé pends on the DIB and on the stellar radial velocity (it varies between one and three lines). The différence between the two calculated EWs (when stellar lines are not masked and when they are masked) gives us an estimate of crslenar, crs1eiiar = ÀEWf = EWf -EWfmasj^. Finally the total error is o2 = + o2tellar. This method gives errors that are in agreement with those from the preliminary study described above.

For the 8620 Â DIB, we hâve an additional complication because the right wing of the DIB région is sometime contaminated by sky émission residual cr^y. Correcting for this émission is beyond the scope of this work, and estimating its effects can not be done in the same way as for the two other DIBs because the contamination results in a "bumpy" feature which changes the absorption shape and produces a non realistic runaway shift from the true DIB radial velocity.

lnstead, we calculated the error as the sum of four terms: <x2 = cr2.ont + £t2/jv + crjtellar + CT^ky The term a^y is obtained by calculating the variance in the région of sky contamination and multiplying by the full width half maximum (FWHM) of the DIB profile. We plan to incorporate in future the pixel-by-pixel estimated uncerlainties provided by the pipeline.

Distance and reddening estimâtes

To estimate the distance and extinction of the GES data, we used the 2D Bayesian method de scribed in Babusiaux et al. (2014) (see also Burnett & Binney, 2010). Ail our targets hâve 2MASS

NIR photometry (Cutri et al., 2003) as well as V magnitude from different sources: OGLE-II photometry Udalski et al. (2002) for the bulge directions, [START_REF] Deleuil | [END_REF] for the CoRoT fields, and Bragaglia et al. (2014) for the open clusters. We will use here the V-K colour which is more sensitive to the extinction than the J-K colour used in Babusiaux et al. (2014).

We used the Bressan et al ( 2012) isochrones (Parsec 1.1) with a step of 0.05 in log(Age) be tween [6.6, 10.13] and a step of 0.05 dex in |M/H] between [-2.15, 0.5|. Each isochrone point i, corresponding to a metallicity [M/H |,. âge r, and mass A1/, has a weight associated to it P(i) according to the Initial Mass Function (IMF) Ç{M) and Star Formation Rate (SFR) iI/(t). We used here the Chabrier (2001) lognormal IMF (integrated over the mass interval between isochrone points) and a constant SFR (considering that we hâve a grid sampled in logAge this means that the SFR associated weight is proportional to the âge), and we did not introduce any age-metallicity corrélation.

We computed the probability of a star with the observed parameters Ô (TCfr,logg,|Fe/H|,V,/0 to hâve the physical parameters of the isochrone point i (Tetr,,loggr,|Fe/H|,, r(-, A4,, V°, K9),

(2) 13 P(i\0) ex P«9|f)P(0.

To compute P(Ô\i), we assume Gaussian (AO observational errors eo on the atmospheric parameters and the magnitudes. Assuming a distance d and an extinction Ao for the isochrone point i, we hâve P(Ô\i,d,Ao)ocY]M(Ô-Oi,eo).

(

o However the atmospheric parameters derived from spectroscopy (Teff,logr/,|Fe/H|) are not independent. For the inner dise fields we derived corrélation coefficients that we applied in the above équation using a multivariate normal distribution. For the GES UVES parameters, the GES Consortium provides the individual node values, so instead of using only the recommended value we use ail nodes individual values (in general around 5 nodes provides parameters for the same star), which mimick the corrélation we want to introduce on a star by star basis. For the GES G1RAFFE parameters we hâve no information about the corrélations available.

The apparent magnitude m, derived from the isochrone i is a function of the absolute magnitude M?, the extinction Am, and the distance d:

m, = M(°+ 5 logd -5 + Am.

(4)

We therefore derived P(Ô\i,d, A0) for a very thin 2-D grid of distances d and extinction A0. A0

is the absorption at 5500 Â and is roughly équivalent to Ay (e.g. Bailer-Jones 2011). To dérivé the extinction in the different photometric bands Am, we used the extinction law EA = 10~a4^of Fitzpatrick & Massa (2007). We used a typical red clump SED F°{ from [START_REF] Castelli | [END_REF] ATLAS9 models. With TA the photometric total instrumental transmission we hâve 7 FATAEA/dA' Am = -2.5 log.

f FATAdX

(5)

To take the non-linearity of the above équation into account, we used a discrète table of Am as a function of Ao. No prior on the distance nor extinction is added.

What we seek is the distance probability P(d,Ao\Ô), which we obtain by marginalization over the isochrone points: P(d, A0|Ô) ex: £ P(Ô|i, d, Ao)P(i).

(6) i Marginalization over the extinction leads to P(d\Ô) and marginalization over the distance leads to P(Ao|0). The resulting distance and extinction estimâtes used hereafter corresponds to the mode of the distribution and the errors corresponds to the 68% highest Bayesian confidence interval (or highest density interval HDI).

Results

The first subsection discusses the measurements of the two CoRoT fields, whereas the second subsection discusses the measurements of the five other fields that hâve less targets.

CoRoT Fields

DIBs in these sight-lines were derived following the fitting strategy described above. Ail of the measured EWs, uncertainties and Nal/DIB velocities are listed in the Appendix.

For the CoRoT anti center field, the target stars are located about the Galactic Plane, and are widely distributed in distances (from 0 to 7 kpc from the Sun). This allows us to probe not only the local arm, but we also expect the Crossing of external Galactic arms. As the distance of the target star increases, the LOS intersects more ISM and therefore the EW of the DIB is expected to increase, with abrupt increases corresponding to dense cloud crossings and plaleaus to interclouds/interarms. Figure 6 shows the 6614 and 8620 bands DIB strength as well as the estimated extinction Ao as a function of the target distance. We do not show the 6283 band profile due to the very limited distance range of the measurements. We remark that the DIBs and Ao profiles, i.e.

three quantifies that are totally independently derived, are in good agreement. Ail of the three show a clear increasing trend, which is expected for a field of view as narrow as the one of FLAMES, also show' the same global pattern. There is an increase between distances 0 and 1 kpc, and a second increase beyond 2.5 kpc, up to 6 kpc. These two ramps correspond to two distinct interstellar cloud complexes, that we identify as the local and Perseus arms. The plateau from 1 to 2.5 kpc iikely corresponds to the gap between the two Galactic arms. In this distance range there are two groups of stars with EWs that differ by about 30%. They seem to correspond to two different régions within the field of view, i.e. Iikely the two groups do not intersect the same parts of the densest clouds, which is not surprising, the targets being distributed over ~30 arcmin. Better précisions on distances and extinctions, which will be provided by Gaia, may help refine this point. We note We hâve represented in Fig. 9 the velocities of the detected components that corne out from the automated fitting following the strategy described in the previous section. For ail individual stars standard déviations including both the measurement uncertainties and the stellar line resid uals were estimated from the best adjustments, and new adjustments were performed using these standard déviations. The errors on the free parameters were estimated using the full covariance matrix and take into account ail corrélations between the parameters. Resulting the CoRoT anti-center field, while lower velocities are predicted by Vallée (2008). If the higher HI velocity corresponds to the Outer Arm, then apparently none of our targets is beyond a significant column of gas/dust belonging to this Arm and ail the detected IS matter is from Perseus, albeit (i)

the target estimated distances are reaching at least 4.8 kpc (6.8 kpc is the most probable distance),

(ii) there is a strong and cohérent increase of DIBs and extinction with distance found from the 6 most distant targets, and, (iii) as discussed above the Planck integrated reddening is on the same order than the reddening towards our most distant targets. In this case the fastest HI arises beyond 5-6 kpc, and is too poor in dust to produce a significant additional reddening. Conversely, if the faster gas belongs to Perseus, a potential explanation is that the ensemble of distant targets may miss those clouds. HI maps hâve a lower resolution compared to Planck, the Perseus Arm is highly fragmented and the distant targets are distributed over ~15 arcmin. If there is a strong inhomogeneity within the field the path to the distant targets may not cross the higher velocity matter. More data are needed and more accurate distances should help answering this question.

For the CoRoT center field, target stars also widely distributed in distance, however, its higher latitude (b = -7°) has a strong impact on the results. For this field, the 8620 Â DIB is not extracted due to significant sky émission line residuals. Figure 10 targets in this field, ail of the data points are clustered. Still. an increasing trend is clearly observed.

For this field, the kinematics is also rather simple (Fig. 9). There was no need for more than one IS component,all velocities fall close to each other in agreement with the peak of the HI émission spectrum at Uhei --14 km/s.

Fields 3 to 7)

For the field3/NGC4815 direction (see Friel et al., 2014;Magrini et al., 2014), we analysed 14 red clump stars that were observed with UVES. Only six are open cluster members. We performed the simultaneous fitting of the Nal lines and the 6283 Â DIB (respectively the 6614 Â DIB). The Nal absorption is characterized by two velocity components, at Vhei --25 and -5 km/s (see Fig. 12), that are well separated and was useful to test our multi-component technique. The results are displayed in Fig. 11. The extinctions and DIB strengths are on the same order for most stars,

showing that at their distances on the order of 2 kpc, they are located beyond the main, nearby absorber, in agreement with the 3D ISM map (Lallement et al., 2014). The two stars with lower extinction are not cluster members and must be foreground stars. Their most probable distances are 1.7 and 1.9 kpc, which shows that not ail the absorption is local and pinpoints another absorber between 1.9 kpc and 2.5 kpc (cluster distance). From the results of the most distant target, there is no significant additional IS absorption between 2 and 4 kpc. The comparison between the DIBs and the estimated extinctions shows they are well correlated (Fig. 11 and another dense cloud. In none of the spectra do we detect velocities above +10 km/s, which implies that those HI structures at higher velocity are located beyond 4 kpc.

For the y Vel direction (field 4) (see Jeffries et al., 2009Jeffries et al., , 2014;;Spina et al., 2014), the most significant différence from the other directions is the distribution of targets over a much wider area (1°x 1°). As we will see (in Figure 13) this has a strong impact on the star to star variability, especially for this région that is well known for having a complex interstellar density and ionization structure, partly under the strong influence from the Wolf-Rayet (WR) star. For the 6614 Â DIB.

unfortunately.the profile is significantly scattered due to the relatively strong influence of the stellar residuals and the resulting large relative errors. The HI spectrum présents a strong peak at Vhei 35 km/s, a velocity that is in good agreement with the Nal and DIB absorptions (see Fig. 14). The second component in the HI spectrum at 50 km/s is found to be very weak or null. Whereas, the HI component at =* 100 km/s is not detected in any of the spectra and corresponds to more distant clouds.

The last three fields point to the Galactic bulge. This first field corresponds to the commonly used, low extinction direction at (l,b) =* (1°,-4°), the Baade's window (BW). Figure 15 (left)

shows the extinction, and the 6283 and 6614 EWs along this LOS. As for the previous field, the 6614 Â profile is consistent with the two others, however much less precisely defined because the absorption is weaker and the stellar line residual hâve a stronger impact. Figure 16 shows the HI émission spectrum in this Bulge direction, a spectrum characterized by a dominant émission peak at -5 km/s (heliocentric frame). Here again, the comparison with the DIB velocity that cornes out from the automated fitting shows a good agreement with HI, with a dispersion of a few km/s around the central velocity.

For the next two fields (INNERDISK O and W resp.), IS absorptions are expected to be confined within a narrow interstellar radial velocity range, which is confirmed by the HI émission spectra. As discussed in section 1, a large number of studies were devoted to the corrélation between the DIBs and the extinction. Our results provide an opportunity to study further this link, with for the first time a large sélection of DIBs in very different régions of the Galaxy. Figure 19 shows the whole set of 6283 and 6614 Â DIB EWs as a function of extinction. We also display the DIBextinction relations obtained from previous studies using early-type star data (Puspitarini et al., 2013;Vos et al., 2011). To convert the color excess values E(B-V) listed in the previous works into extinction values Ao, we hâve assumed that Aq/E{B -V) = 3.2882 + 0.04397 x E(B -V) in ail directions. We hâve fitted the DIB-extinction relationship independently of the error bars, and also using both errors (in extinction and EW) using the orthogonal distance régression method (ODR) (Boggs et al, 1989).

We hâve compared our corrélation coefficients with those obtained from previous studies based on early-type target stars, characterized by well known extinctions and excellent spectra. It is remarkable that despite the complexity of the global adjustment and the presence of the stellar lines, the corrélation between the 6283 Â DIB and the reddening is found to be tighter, as shown by the In the case of the weaker and narrower 6614 DIB, our corrélation coefficient is 0.83, i.e. on the same order than the Friedman et al (2011) coefficient. We believe that here the absence of a corrélation increase is due to the strong impact of the residual stellar features. This impact is much stronger than on the 6283 DIB due to the smaller DIB width, doser to the stellar line width. Better synthetic stellar models should help to reduce this source of uncertainty.

From Fig. 19, we remark that our measured EWs are globally higher than what has generally been derived from early type stars. This is especially clear for the bulge and CoRoT anti-center fields and may be explained by the fact that we avoid some of the strong DIB suppressions that arise in the environment of UV-bright stars. For other sight-lines like the one towards NGC4815 there are no significant différences from the DIB-color excess relations based on early type stars.

Finally, we note that more dispersion seems to be présent for the local clouds, which may be explained by averaging effects along large distances. 6614/6283 and 8620/6283 ratios. When LOS are about the Plane, the EW reflects the spiral arm crossings. This is no longer the case when the latitude is increasing, as can be seen in the figure

Spatial distribution

where the latitudes are indicated for each LOS.

Discussion and perspectives

We hâve developed and applied automated methods of extraction of multi-component DIBs from stellar spectra. These methods can be applied to any kind of stellar spectrum, as long as the stellar parameters are known. In particular it can handle cool star spectra despite their complex con tinua. Here we hâve presented the results of our automated adjustments when they are applied to ESO/FLAMES high resolution spectra of red giants and F, G, K dwarfs that are part of the GES The comparison between the DIB strengths and spectro-photometric estimated extinctions reveals a significant corrélation and demonstrates that we successfully extract the DIB EWs despite the stellar and telluric absorptions. This corrélation suggests that the link between the DIB strength and the extinction does not vary in a large extent among régions of the Galaxy that span galactocentric radii from 2.5 to 13 kpc. From this dataset we find broad consistency between the DIB distance profiles and the estimated locations/extents of the Local, Perseus arms. We also find agreement between the line-of-sight velocity structure deduced from the HI 21 cm émission spectra and the DIBs velocities. This shows that on the large scales DIBs may be a kinematical tool in the same way IS gaseous fines are commonly used. This opens perspectives for the study of the most external arms for which very few measurements of the DIB abundance do exist.

Altogether these results show how DIBs can be used to reconstruct the large-scale distribution of the interstellar medium in the Galaxy, and may be especially useful for distant clouds because in this case they are strong enough but not saturated. In addition, DIBs in more distant clouds (like Perseus) are found more tightly correlated with the extinction and less spatially/ angularly variable than in the local clouds, which we interpret as an effect of distance-averaging. It also confions that when using cool (respectively, both cool and distant) stars the effects of a strong radiation field on the DIB abundance and/or ionization are minimized (respectively, both minimized and averaged out), and DIBs follow more closely the extinction. This latter aspect is quantitatively confirmed by the corrélation coefficients we obtain when assembling ail measurements. In the case of the broad 6283 Â DIB, the Pearson coefficient is 0.91, significantly above previous déterminations based on early-type stars despite the extremely large distances between the probed areas and the presence of v_hel (km/s) v_hel (km/s) Fig. 16. Baade Window direction: kinematics. AU DIB velocities are found to be consistent with the local HI, around 5 km/s. The second velocity component allowed by the fitting procedure is found to be unnecessary or negligible. Note that the discrcpant data point at +15 km/s for the 6283 À DIB (lower panel) is due to the effect of a strongly discrepant stellar line and disappears when the fitting is repeated after masking of the corresponding région (the total EW is found to be unchanged).

the stellar lines. This implies that DIBs can be used as a first prior for the extinction in the absence of any other information. Hovvever, we note that for one field, the y Vel cluster direction, there is a more complex relationship between DIBs and extinction estimâtes. The proximity of the absorber and the presence of bright UV stars is probably responsible for this complexity and the departures from the average conditions. Finally, we note that for two sight-lines the measured DIBs are slightly stronger than previous relationships based on early-type targets hâve predicted. We believe that this is also due to the absence of strong environmental effects. This deserves further study, as the data presented here are still too limited to permit to draw definitive conclusions. 
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Jorder of EW error There is still room for a number of improvements of the synthetic stellar spectrum compu tations, and subséquent DIB measurements. Here we hâve used the most probable values of the stellar parameters, and did not allow for any uncertainty. Moreover we did not make any use of individual abundances, although in the case of the GES spectra most of them are determined. One reason is our choice of a homogenous treatment of both GES spectra and other data for which the dist (kpc) AO (mag) number of velocity components. We hâve explored criteria based on the DIB velocity shift, however other methods should also be elaborated and tested. This will be the subject of further studies based on largerdatasets. Finally.residuals from sky émission removal are still limiting significantly the DIB extraction in some cases, and spécial attention must be devoted to this problem.

Globally these results pave the way to three-dimensional mapping of the Galactic ISM based on DIB absorption measurements from current or future stellar spectroscopic surveys. Like ali threedimensional maps, future DIB-based maps are expected to gain in accuracy in a considérable way when Gaia parallax measurements will be available. Finally, as illustrated by the CoRoT anti-center line-of-sight, a very promising aspect that is spécifie to these DIB spectroscopic measurements is the potential detailed comparison, sightline by sightline, between the distance-limited absorption measurements and émission spectra that trace the gas at ail distances. This comparison by means of the radial velocities should bring interesting information on the location of the poorly known dust-poor distant gas in outer parts of the spiral arms. The residuals at chosen wavelengths. The 8611 Â région shows higher négative residuals due to underestimate od stellar line model.

DIB-E(B-V) Relationships from Nearby Early-Type Tar get Stars

As mentioned in Chapter 9, from the automated DIB fitting applied to the nearby earlyt.ype target stars observed with the FEROS instrument, we looked for the relationships between the DIB strengths and the color excess data. The color excess data are based on the seven-color Geneva photometric System (Burki & Cramer, private communication, Cramer, 1999) converted to the commonly used Johnson System E(B -V). We hâve selected 16 rather strong DIBs in the optical (see the list in Table 16.1).

The computation of the average linear relationships of the 16 DIBs with the color excess was performed in two ways:

• by performing a simple linear fitting without taking individual errors into account on both quantities (ordinary least square, OLS).

• by applying the orthogonal distance régression (ODR) method (or total least-squares method), taking individual errors on both the EWs and the E(B-V)s into account.

For this method, we used the ODRPACK95 package (Boggs et al. 1989) impieinented in the IGOR PRO (WaveMetrics Inc.).

Following most of the studies, we did not impose a strict proportionality between the two quantities, that is the relationship need not start from (0,0). The Pearson corrélation coefficient is deduced from the OLS method, with two values listed, the first one for the totality of the measurements, and the second one for after removal of peculiar stars.

Table 16.1 shows the corrélation coefficients of the selected DIBs. Those corrélation coefficients are in agreement with previous DIB studies using bright earlier type stars.

Figure 16.1 shows the DIB-E(B-V) relationships. Despite some scatters, we notice a linear relationship. Using distant cold stars to establish a DIB-Mo relationship has an advantage of producing a more general picture representing Milky Way interstellar conditions. It is because we probe longer distances and therefore avoiding bias from the local ISM (LISM). The LISM is possibly a particular condition, i.e., a star formation région known as the Gould Belt.

Does the DIB Profile Change?

Although its is known that the profiles of different DIBs are characterized by different shapes and widths, the cause of these différences generally are not understood. While sonie DIB profiles appear to be symmetric, others are asymmetric. Moreover, we also observed small variations in the profiles (fine structure) of individual DIB in different sight-lines (Galazutdinov et ah, 2002(Galazutdinov et ah, , 2008)).

Dahlstroin et ah ( 2013) reported the discovery of highly broadened DIBs and absorption from excited CH+ in the J=1 level and from excited CH in the J=3/2 level in the spectrum of a star, namely Hersehel 36 (see Fig. 16.3). To our knowledge, neither those excited Unes nor strongly extended DIBs hâve been previously been seen in absorption. The unusual features probably due to strong far IR radiation from the adjacent infrared source. In the spectral analyses in this thesis, we hâve not encounter this problem. The empirical DIB models work well to fit DIBs. For the future work, there is a need to study variations in the DIB profiles due to spécifie environmental différences, especially if we want to use DIBs for ISM mapping.

Chapter 17

Interstellar Environment and Gaseous

Lines: Carina Nebula Targets

The Carina nebula is a star forming région. It is located at an estimated distance between 1.9 and 6 kpc from the Sun, in the Sagittarius-Carina arm.

This nebula lias been investigated with powerful optical and ultraviolet instruments for over 30 years (see Walborn et al., 2002, and references therein), its definitive explanation remains elusive. The stars towards this nebula shows remarkable interstellar (IS) absorp tion profiles. The profiles show up to ~20 velocity components over a total velocity range of 600 kin/s. Furthermore, the profiles change drastically over small angular séparations.

From other aspect, X-ray observations toward the Carina nebula suggest a newly-discovered X-ray émission mechanism in HII régions, possibly charge exchange between the cold neutral material and the hot X-ray-emitting plasma. Therefore, we may expect to observe strong IS absorption from neutral tracers and ionized gas tracers at the sanie time in background star spectra.

This chapter describes a brief spectral analysis of the target stars toward the Carina neb ula. We will show the rich interstellar environment and the complex absorption profiles.

We also compare interstellar radial velocities obtained from the optical observations with one from a previous study in the UV.

Data

The target stars were observed by the FEROS instrument (R ~47000) as part of OWN Project (Barba et al 2006). There are 37 target stars with a total of 106 spectra. Table 17.1 shows the list of targets with their coordinates and parallaxes (when available from SIMBAD database). A target star may lias been observed in different epoch. Therefore, this allows us to clieck if there is any rapid change of the interstellar structure between these different epochs. Reddening Variability within the M4

Cluster from DIB Measurements Messier 4 (M4) is the nearest globular cluster to us, at a distance less than 2 kpc. However, it is located behind a dark nebulosity in Scorpio-Ophiuchus as can be seen in Fig. 18.1.

This stellar cluster is interesting to study because of its multiple stellar population. As a matter of fact, based on the abundance analysis, there is evidence that M4 hosts two distinct stellar populations, one is Na-rich & CN-strong, and another one is Na-poor & CN-weak (Marino et al., 2008). However, the study of those populations requires the knowledge of extinction, and the differential extinction over the field.

We hâve attempted to study the ISM variability toward the cluster using Nal absorption and diffuse interstellar bands (DIB) as IS and extinction tracer. However, for the Nal lines, it was found to be very difficult to draw any firm conclusions (see Chapter 6).

In this chapter, we will go back to the DIB measurements. We will see that from the DIB also there is no firm answer yet on the variability, only a slight indication of a small variability.

Data

To investigate the ISM spatial variation, we use three sets of data of stellar spectra:

1. M4 stars observed with the FLAMES/GIRAFFE instrument with the LR2, HR,12 and HR15 settings (from Monaco et al., 2012). There are 99 target stars, of which 91 were studied (détermination of stellar parameters). For these data, we looked for interstellar Nal D2-D1 lines (see Chapter 6 and 9) and a rather strong DIB, G614 À (see Chapter 8).

2. M4 stars observed with the FLAMES/UVES instrument (from Marino et al., 2008).

There are 166 target stars. For these data, we only analyzed 6614 À DIB. 3. M4 stars observed with the FLAMES/GIRAFFE instrument with the HR15 setting (from Mucciarelli et al., 2011). There are 86 target stars. We only investigated 6614

A DIB observed in the spectra.

Methods and Analysis

We hâve applied two different methods to measure the 6614 Â band.

1. The first method was a DIB fitting without any synthetic stellar spectrum (see Chapter 8). We avoided some stellar lines in the DIB région by masking them. We hâve cautioned that if a stellar line was blended with the DIB, then we can not measure the DIB properly.

2. To avoid tins shortcoming, the method devoted to late-type stars with a stellar model lias been used (see Chapter 12). This latter method could be applied only to the first two data set owing to the availability of complété stellar parameters.

Ail équivalent width measurements of the 6614 Â DIB can be found in Appendix B and in Fig. 18.3. Figure 18.2 shows a comparison of the adjustments using the two methods:

without stellar rriodel (see upper plot); and with a stellar model (see lower plot).

As mentioned previously, there is a dispersion in EWs over the M4 field that was found to be similar for the two methods. If the dust column (or the DIB absorption) was actually constant over the fielcl, which is a rnatter of debate, then the dispersion would be purely an observational uncertainty in both cases. Thus, we hâve not gained in accuracy using the second method (using a stellar model). We hâve gained in automation but this gain is probably counteracted by sonie effects, eitlrer signais of insufficient quality or a badly estimated stellar line. Conversely, the dispersion inay be real (due to inhomogeneity). datasets. For the first two datasets (Marino et al., 2008, Monaco et al., 2012) measure ments are based on the second method using a stellar model, while for the third (Mucciarelli et al., 2011) they are derived from the first method (without q stellar model).
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The comparison reveals a slightly larger scatter for those latter data, very likely due to a smaller signal quality.

We derived the reddening indexes by converting the équivalent widths into E{B -V')s using the "FEROS relationship" (see Puspitarini et al., 2013). For the 6614 Â DIB, E(B -V) -0.0059 + 0.0051 x EW, where EW is the DIB équivalent width in mÂ.

Excluding the Mucciarelli et al. (2011) data, we obtain E(B-V)s ranging from 0.16 to 0.35 and E{B -V)average -0.26. This is quite different from the E(B-V) value derived independently by Hendricks et al. (2012), E(B -V) ~0.37. Since M4 is behind starforming régions, it is likely that the strorig radiation fîeld decreases the DIB (see Chapter 16).

Figure 18.4 shows a reddening map derived by Hendricks et al. (2012) and the comparison with the DIB strength. Visually, there are sonie similar trends over the field, however there is a lot of dispersion in the DIB strength that has no counterpart in the Hendricks et al.

(2012) map. This suggests that the DIBs refiect some real spatial variability, but there is sonie additional strong dispersion that is of observâtional origin.

We also attempted to compare the DIB strength with the infrared émission map recorded with the Wide-field Infrared Survey Explorer (WISE) satellite. Figure 18.5 shows the dis tribution of the target stars that are color coded according to the DIB EW, superimposed on the WISE w3 band (12 fim map). Again there are some trends (e.g., the three targets with the weakest DIBs (purple marks) are located in the less emissive région), but a large part of the DIB dispersion is not reflected in the map. However, we note that the 12 gm émission is not only due to the dust émission, but there is also some stellar contribution, and the comparison is very difficult. we built a reddening-corrected CMD (shown at lower left). Clearly there is a very large trend seen now (see the colors and the CMD shape), showing that this correction is largely overestimated. We then performed the same exercise but dividing the reddening correction by a factor of 5 (resulting CMD shown at lower right). In this case, colors are more uniformly distributed. This confirms again that the DIBs reveal well some of the differential reddening, but there is an additional dispersion that is observational in origin.

In other words, the real variability is hidden in the noise. It is hard to evaluate this real variability.

To summarize our attempts, there is very likely some reddening variability over the M4 field, and this variability is partly refiected in the DIBs, however further improvements in the DIB extraction ( e.g., empirical stellar line corrections) or in the data quality are needed to draw firmer conclusions about the actual degree of variability. iiii1iiii1ii i i 1 i '' i 1 i i i i 1 0.7 0.8 0.9 1.0 1.1 B-V_emp. is the volume élément in 3D space, and singular kernel Kt is given by Ki(x) = Ki(r: 6, /) -Qi(r)6(b -bi)ô(l -h). (19.3) ©i(r) is equal to l/r2cos(6i) inside the interval [0, Ri] and null outside, and 5 is Dirac's distribution.

The prior distribution (pref) is assumed to decrease with the distance froiri the Galactic Plane,

. |rsin&|. . pref(r, b) = p0 exp( ), (19.4) 
riQ where ho is a chosen scale height (here for the dust).

Because the density is a positive quantity, it is convenient to make change of variable: pop(x) = pref exp(a(ar)), (19.5) where a is the log of the opacity. a is obtained by using a regularized Bayesian approach and least square criterion, as described in Vergely et al. (2001Vergely et al. ( , 2010) ) The inversion rnethod is Bayesian: the posterior probability of the opacity distribution fpost(®\E) can be written in ternis of the conditional probability and the prior solution, fpost(a\E) = f(E -g (a)) fprior (a) = L(E\a)fprior(a) (19.6) Where L is the likelihood function, which corresponds to the adjustment to the data, and fprior{ot) is the a priori value. Tarantola & Valette (1982) formalism corresponds to an itérative solution of this inverse problem toward the final distribution, applicable when ail errors are Gaussian and also for continuous functions in space.

In our case, the inverse problem is massively under-constrained because of the limited sample of the target stars (or line-of-sight data) and additional constraints must be introduced. The problem can be regularized by imposing that the true solution is smooth in some suitably quantified sense (Craig V Brown, 1986, Tworney, 1977). The covariance operator for the model now includes a corrélation kernel 'i/j(x,x'), which is the corréla tion of the opacities at points x and x'. The existence of this kernel Controls the spatial variability of the random function a and forces the distributions to be smoothed

For example a single Gaussian Kernel, such as = exp(--l X ^-), ^so (19.7) where £0 is the smoothing length équivalent to excluding clouds smaller than this length.

Evidently the optimal choice of £o is strongly dépendent on the spatial distribution of the target stars. It is not possible to map clouds of a size smaller than the inean inter-target distance, and conversely restricting to clouds much larger than this distance (large £o) does not rnake use of ail the information. When a srnall value of £ is chosen, the corrélation between nearby lines of sight will be disfavored and the information will be concentrated along the line of sight and this may resuit in elongated radial features in régions where targets are scarce. On the other hand, if £ is too large, small details will disappear and the density fluctuations will be too smoothed.

The simple Gaussian Kernel lias been tested prior to this thesis and shown to yield a poor data fit because the ISM clearly shows different characteristic lengths. It is welladvised to use multiscale kernels [START_REF] Serban | [END_REF]) in those conditions. Vergely et al. ( 2010) used a double (two-scales) kernel. One terni with the larger £ is optimal to characterize the warm diffuse matter and the second with a smaller £ si more adapted to the compact clouds, <j(x)cr(x')ï/j(x,x') = ao(x)a0(x') exp(-\x x\) + (Ji{x)gi{x') exp(-~-) (19.8) so si

In the validation test (see next section) and also Lallement et al. (2014), double kernel made of two different functions is used, i.e., an exponential wing and a gaussian core to take into account in the optimal way the larger and smaller détectable structures of the ISM, cr(x)cr(x')'ip(x, x') -<Jo(x)o"o(.x/) We created a simulated fake 3D distribution of IS matter by accumulating a vast. number of particles and following the "Lévy fiight" technique. Lévy flights are Markovian stochastic processes whose individual distance jumps hâve lengths that are dist.ributed with the probability density distribution function decaying at large x. Thus, there are fewer long jumps than short jumps which gives a clumpy look. We modified the algorithm to randomly select the flight departure points in the saine plane to simulate the Galactic Plane (in LISM région).

We assumed that the Sun is located in the center of the simulated space. As we would like to hâve a simulated distribution which resembles the LISM, we set sonie constraints to force a void volume surrounding the Sun, a "Local Bubble-like" empty région. We also forbid Lévy jumps too far from the Plane in order to obtain a disk-like structure -100 0 100 200

x-axis (arbitrary unit) To apply the Lévy flights technique, we use a random.paretovariate function from the Python software. We set 50 starting points that are located in the sanie plane. For each point, we run 20 Lévy flights and each fliglit lias 25000 jumps. Thus, we produced millions of particles in total.

We compute the quantity of those particles in 200 x 200 x 200 small cubes, each one representing a 5pc x 5pc x 5pc cubic volume. For ail subséquent computations, instead of using the particle density directly, we use its logarithm. Thereafter, we generated ~20000 random locations of "fake target stars" and computed the intégral of the log(density) between the cube center (the Sun) and each fake star. This intégral is an "extinction-like" quantity. In our case, the distribution is inhornogeneous, with details of a size significantly smaller than the mean distance between two target stars. This is a deliberate choice silice we want to test the inversion when being far froni the optimal situations and the ISM lias clumps smaller than inter-target star distances.

Figure 19.3 shows the distribution of the fake target stars in galactic coordinates. The colors describe the integrated quantity ("extinction"). However, we remark that the fake stars are not regularly distributed because of the rectangular shape of the overall density cube.

To continue the test, we need a simulation of the errors in the stellar distance (aa) and of errors on the extinction calibration (crca/), to see its influence in the inversion. We used a constant value for those uncertainties for ail target stars.

In order to test the regularization of the inversion by means of a smoothing kernel, we computed the auto-corrélation of the particle volume density within the horizontal slice in the 3D distribution and used the auto-correlation function to search for the optimal values of the smoothing length parameters of the covariance kernel mentioned in équation (19.9).

This was accomplished by adjlisting to the auto-correlation profile using a combination of hyperbolic cosine and Gaussian function. In our unit System we obtained a smoothing length of 50 with the corresponding variance of 0.77 for the hyperbolic cosine term and of 10 with the corresponding variance of 0.60 for the Gaussian term. An illustration of the adjustment can be found in Fig. 19.4.

Results of the Simulated Data Inversion Tests

We hâve used the simulated line-of-sight data integrated within the simulated distribution to perforai the inversion and compare the resulting 3D distribution with the initial one.

This subsection présents a fraction of the test results using different parameters (e.g., an unrealistic prior for the volume density model, a large value of the data fluctuation level, and the effect of increasing the number of target stars). Such exercises help to understand the response to the various parameters and optimize the inversions of real data. The black line shows the auto-correlation profile (see text). The blue line shows the fitting to the corrélation profile using hyperbolic cosines and Gaussian. The red line shows exponential wing derived from hyperbolic cosines terni to take into account large structure in the distribution. The dash red line shows Gaussian core to take into account the small structure.

19.2.2.1

Use of A Non-Appropriate Value of the Prior Opacity in the Plane (A.)

We applied the inversion method to the simulated data using an unrealistic prior po> here taken too small (see Fig. 19.5). We were unsuccessful in reconstructing highly dense région at longitude b ~308°. A more realistic solution was obtained as we increased po (see Fig. 19.6), i.e., with p0 = 5 x 10~4.

Fluctuations due to Uncertainties in Data

Increasing uncertainties on the extinctions produces smoother structures and the disappearance of the small structures in the 3D distribution (i.e., small structures near the center) see Fig. 19.7, but it still gives a favorable outcome for the major structures.

Inversion with More Target Stars

In this case, we generated 10000 target stars in the longitude interval l = 270°to 360°, which corresponds to a significant increase in the number of target stars in this area compared with other régions. We applied the inversion method in this spécifie région. Here, we could check the code and that the obtained distribution is more detailed and realistic (see Fig. 19.8).

As a conclusion, the inversion allows the effective reconstruction of the 3D distribution of our simulated data. The quality and realism of this reconstruction are increased when using a realistic density prior. However, in reality, a unique uniform density is adapted for nearby maps. It will not satisfyingly represent ail régions in the Galaxy. The safest Lower: Comparison between modeled data vs. observed data using more target stars.

way to improve the map is to use more target stars with précisé stellar distances. This will be a possible task to do thanks to massive surveys (spectroscopic and photometric) (2010). This chapter discusses techniques used to represent the map and identification of some structures, e.g., Gould

Belt and high latitude shell (part of Loop I).

Visualization of 3D ISM Map

The output of the inversion method is a data cube in which each voxel gives information on density opacity. There are several ways to represent the resuit, e.g, slicing the cube, integrating from the center to a certain distance (projection), or extracting an iso-surface.

A detailed information on the 3D map can be obtained by slicing the cube in a certain direction. This can be doue by taking the values of the voxels (pixels in a three-dimensional array) following a spécifie geometry. As a matter fact, the data cube is scaled and defined in Galactic coordinates. For this purpose, we used a transformation coordinate from Cartesian (x,y,z) to Galactic coordinate (Z,6), or in reverse.

x -D cos (b) cos (/) (20.1)

y = D cos(6) sin(Z) (20.2) z -D sin(6) (20.3)
where, D is distance. The value of each voxel is obtained using the IGOR interp3D function that returns an interpolated value for the chosen location in a 3D scalar distribution.

Another way to represent the map is to integrate the density from the Sun (the cube center) to a certain distance in the cube. For each intégration step, the value of the voxel is obtained with 3D interpolation using the InterpSD function. (biggerbiggercube. u3d)

Figure 20.2: Interactive 3D iso-opacity surface for 0.0004 mag. pc represented by a square.

The Sun is

For the iso-surface extraction, we used a free Python package, narnely yt (Turk et al., 2011). It is a package for analyzing and visualizing volumétrie, multi-resolution data, yt has the ability to extract iso-surfaces from volumétrie data using a marching cubes algorithm. In general, the surfaces can be represented in a classical surface plot. Nowadays, it is possible to hâve a 3D interactive graphie. The yt package can produce obj file, a typical 3D file, which can be transform into a u3d file. This type of file can be included in FTgXusing the moviel5 package, and therefore can be embedded in pdf as a 3D interactive graphie. Figure 20.2 shows an example of visualization with it.

yt can also produce the 3D interactive graphie by exporting the surfaces to a web platform, i.e., sketchfab. See the following links: https://skfb.ly/y9Y6; and https://skfb.ly/ yyAx.

Interstellar Structures in the 3D ISM map

After discussiong the possible ways to represent the 3D map, this section discusses inter stellar structures seen in the map.

Gould Belt and Nearby Molecular Clouds

The Gould Belt is a ring-like distribution of molecular clouds and young stars within 600 pc from the Sun. It is a higli rate of star formation région where many stars hâve formed in a surprisingly fiat and inclined disk.

We compared the characteristic of the Gould Belt from Perrot &;Grenier (2003) with the 3D distribution of IS dust from the inversion. From their modeling, Gould Belt has a semi-axes of (373 ±5) and (233 ±5) pc, and an inclination of 17.2°±0.5°. The belt center is found at a distance dc = 104 ± 4 pc from the Sun, in the direction lc = 180°± 2°. The ascending node longitude Iq is 296.1°±2.0°. To do the comparison, we first built an ellipse based on the Gould Belt's characteristic. We then superimposed this belt model on the 3D ISM map while taking into account the projection on the Plane. We also superimposed the distribution of molecular clouds that are used for the Gould Belt modeling (see their lists in Table A.l and A.2 in Perrot V Grenier, 2003). The nearby OB associations projected in the Plane are listed in de Zeeuw et al. (1999). Another way to represent this comparison is by using a 3D plot. Instead of projecting the belt to a spécifie plane, we described the belt and iso-surface of IS clouds in the 3D plot. 

Local Bubble, Cavities, and Chimneys

Figure 20.8 shows 3D plot of iso-surface of the 3D ISM map seen face on. The white régions show piercing cavities/chinmeys in the LISM. For example, about the Sun's location is

Local Bubble (LB), an asymmetric cavity that is a lower density région, and actually is filled by hot gas (as we will show later in Chapter 21). The LB inay actually be part of a cylindrical cavity ("chimney") that pierces the Galaxy.

In fact, LB is not the only cylindrical cavity in the LISM. At l ~250°, a giant cavity, is observed. This is the GSH238+10 cavity. Other cavity is at l ~270°is probably related to the Vêla supernova remnant (SNR). Piercing cavities are also observed at l ~300°and 330°.
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High Latitude Clouds, Part of Loop I

Froin radio observations, i.e., the HI 21 cm, shell-like structures in northern high-latitude of the Galaxy are observed. The shell is associated with radio Loop I and is thought to be the expanding boundary of an interstellar bubble inflated and reheated by stellar winds of Scorpius-Centaurus OB associations. Loop I itself is defined as a giant radio loop of ~58°radius centered at l ~329°or ~-30°and b ~17.5° (Berkhuijsen et al., 1971).

Figure 20.9 shows a slice of the 3D ISM map toward the center of the Loop I according to Berkhuijsen et al. (1971). A cavity at b ~17.5°is surrounded by denser clouds in higher and lower latitude. A fîlament-like fature at northern high latitude (Fig. 20.9) is likely to be associated with the HI shell.

To get an idea of its distance, we hâve analyzed spectra of 30 target stars distributed in high-latitude (see Puspitarini & Lallement, 2012, and Fig. 20.10). locate interstellar (IS) clouds, the map can be used to loeate IS bubbles or cavities that are blown by stellar winds or supernovae, and that are filled by hot gas. This million kelvin (MK) hot gas generates diffuse émission in the soft X-ray domain, and thus there should be a corrélation between the directions of the cavities and the X-ray features. To demonstrate this, and to dérivé a clearer picture of local ISM, we compared our 3D IS dust map with the Rôntgen satellite (ROSAT) soft X-ray diffuse background maps. This study has been published in Puspitarini et al. (2014), and is attac.hed to this manuscript.

21.1

Local ISM 3D Distribution and Soft X-ray Back ground. Inferences for Nearby Hot Gas (Article IV)

ROSAT was an imaging X-ray telescope launched in 1990. It has produced observations of the diffuse X-ray background in several bands, from 0.25 keV to 1.5 keV (cf. Snowden et al., 1995Snowden et al., , 1997)). The diffuse X-ray background is due to a combination of different sources. For example, in the ROSAT 0.25 keV map (see Fig. 21.1), the most obvious feature is an enhanced intensity at high Galactic latitudes, that originates from Galactic halo. On the other hand, the émission observed in the Galactic plane must necessarily hâve a "local" origin due to the fact, that 0.25 keV photons are very easily absorbed by interstellar clouds. The existence of this diffuse émission thus demonstrated that the solar neighborhood is a cavity filled with hot gas (known as Local Bubble, LB) and that the local clouds are embedded in this cavity. Later on, the existence of a contaminating foreground émission due to charge exchange of solar wind high ions with geocoronal and heliospheric/interstellar neutrals was discovered. This signal was not understood at the time of the first ROSAT analyses, but is now increasingly well studied. A debate about the relative contributions of the LB hot gas and the solar wind charge-exchange lias since been ongoing. According to the most recent analyses and data the solar wind may contribute up to 40% of the observed émission at 0.25 keV in the Galactic Plane, the direction of the lowest intensity (Galeazzi et ah, 2014), but the LB hot gas température and density are still somewhat uncertain. At higher energies, 0.75 keV (see Fig. 21.2), the ROSAT map reveals numerous bright régions corresponding to hot gas at températures above 1.5 MK contained within more distant cavities, and a huge, prominent and 100°wide région of bright émission centered at approximately (/,6) = (330°,+10°). The origin of this conspicuous structure is still a matter of debate. The brightest part is the North Polar Spur (NPS), an elongated structure that lias also conspicuous counterparts in radio continuum maps and is connected to a gigantic arch, Loop I, also seen in radio continuum and bordered by HI shells. The NPS is thought to be the X-ray counterpart of a nearby cavity blown by stellar winds and supernovas from Scorpio-Centaurus OB association (see Egger k Aschenbach, 1995). In complété opposition, it has been suggested that it. is connected to a structure whose origin is at the Galactic center (Sofue, 2000) (see Fig. 21.4). The debate has been reactivated silice the discovery of the gigantic Fermi bubbles and new studies of NPS spectra hâve either reinforced or questioned the local interprétation. 1995). Right: toward (l ~20°) (image taken from Willingale et al., 2003).

The Local Bubble Hot Gas Pressure

As said above, the LB is traced by an ultra-soft X-ray émission, essentially the ROSAT 0.25 keV band maps. We hâve modeled in a simple way the 0.25 keV surface brightness along the Galactic plane as seen from the Sun, based only on the 3D dust maps. To do so, we assume tliat ail régions devoid of dust (cavities) appearing in the 3D ISM map are X-ray emitters, i.e., they are filled witli MK gas (we assnmed 1 MK for the computations).

At the same time, we assume that ail rnapped clouds absorb the soft X-ray signal coming from those cavities. To do so we couvert the dust into H columns using the classieal ratio:

N(H)-5 x 1021 x E(B -V) cm-2. In this way we can estimate the resulting X-ray intensity (/) that should be observed at the Sun location by integrating émission and absorption from a given large distance D to the Sun. Here, we selected D = 1500 pc, but computations hâve shown that for D > 300 pc, the obtained angular pattern does not change signifieantly (except for the third quadrant), see Fig. 21.8.

In order to compare the modeled hot gas surface brightness along the Galactic Plane with the ROSAT data, it is necessary to remove the heliospheric contribution from the ROSAT signal. To do so we use a model of the heliospheric émission from Lallement (2004).

Figure 21.5 shows the heliospheric surface brightness along the Galactic Plane estimated for the time period and the observational geometry of ROSAT. There is unfortunately a significant uncertainty in the actual level of the heliospheric signal, that dépends on the global solar wind and interstellar fiow models. Figure 21.6 shows the model superimposed on the dust distribution in the sanie planar surface that is a eut, through the 3D map.

To remove the heliospheric contribution from the ROSAT 0.25 keV data, the heliospheric model was scaled in such a way the maximum value of the heliospheric model in the Plane is equal to the minimum value of the X-ray émission (see Fig. 21.7). Model derived by Lallement (2004). Unit is arbitrary.

Integrating from a large distance towards the Sun, the X-ray brightness obeys the simple differential équation, -= de -Ikp, (

ds where the first terni accounts for the émission generated along ds, if and only if there is hot gas at distance s, i.e., ô = 1 if p < p0, and 6 = 0 if p > p0, p0 being a threshold corresponding to the transition from cavities to clouds (it lias been taken as 0.00015 inag/pc, corresponding to the orange color in the rriap). The second term accounts for the absorption along the distance ds, assumed to be proportional to the differential color excess p. k is a coefficient converting the differential color excess E(B-V) into the 0.25 keV differential opacity.

If 1 MK gas produces 1 count s~l arcmin-2 per 7.07 cm-6 pc émission measure. Using tins relationship and masking bright régions, such as the Vêla at l = -100°, the average ROSAT X-ray brightness in the Plane is 0.0003 counts s-1 arcmin-2, or 0.0022 cm-6 pc.

On the model side, the average calculated intensity from the simplified radiative transfer computation is I = 112 x fx and using parsecs as distance units. If we exclude the third
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Figure 21.6: The heliospheric contribution model superimposed on a slice of the 3D ISM map in the Galactic Plane (Lallement et al., 2014). The Sun is at the center and Galactic center direction is to the right. Cavities (in red) are potential soft X-ray emitting sources if they are filled with hot gas. A polar plot of the unabsorbed (foreground) 0.25 keV diffuse background derived from shadowing (see Snowden, 1998) is shown in black (thic.k line). Also shown is the estimated average heliospheric contribution to the signal (dashed blue line). 
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These are smaller than what lias been inferred previously (15000 K cm-3 Snowden et al., 1998). However, such a lower pressure is in better agreement with pressure in the local interstellar cloud surrounding the Sun (see also Snowden et al., 2014).

About Nearby X-ray Cavities and the NPS Distance

We hâve attempted to use the 3D dust map to study the correspondence between the directions of the bright 0.75 keV régions and the 3D cavities appearing in the map. The study has sonie similarities with the studies of the HI (or IR) vs X-ray anti-corrélations or the shadowing experiments. However, we use here the local ISM 3D distribution, and not quantifies integrated up to infinity.

We found that the brightest 0.75 keV areas hâve corresponding void régions in the 3D

ISM map (see région 1-4 in Fig. 21.9, and Figures 5 and 6 in Puspitarini et al., 2014).

However, no tunnel or nearby giant cavity is found to match the low-latitude brightest part of the NPS (/ ~25 -40°and b ~10°) (see NPS slices in Fig. 21.9 and Fig. 8 in Puspitarini et al., 2014).

A parallel comparison between analyses of the NPS X-ray spectra and the 3D map also concludes that very likely the émission starts beyond at least 150 pc (see Figure 8 and text in Puspitarini et al., 2014), which is hardly compatible with the large nearby bubble scénario linked to the Sco-Cen associations.

To get a clearer picture, we hâve proposed a sériés of observations of the Southern terminus of the NPS (b ~10°) with the more recent X-ray telescope, X-ray Multi-Mirror Mission -(XMM) Newton, to détermine whether it is émission or absorption bounded. Those observations are currently being conducted. Fig. 21.10 shows the observational directions for the Southern terminus of the NPS superimposed in different multi-wavelength émission maps.

In brief, we hâve illustrated the potential use of the 3D ISM map for interpreting the diffuse soft X-ray background. Better maps and future observations, i.e., eROSITA, the prirnary instrument on the Russian Spectrum-Roentgen-Gamma (SRG) mission, and Astro-H, a planned X-ray astronomy satellite under development by the Japan Aerospace Exploration Agency (JAXA), should allow firmer the conclusions.

Slice 3D IS dust in X^ray bright région direction The numbers (1 to 4) and "NPS" mark link the ROSAT map and the slices.
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I S M 3 D D i s t r i b u t i o n a n d t h e S o f t X -r a y B a c k g r o u n d 1. Introduction
Multiwavelength observations of interstellar matter or interstel lar medium (ISM) in émission are providing increasingly de tailed maps, bringing information on ail phases. However, the information on the distance to the emitting sources and their depth is often uncertain or lacking. This applies in particular to the diffuse soft X-ray background (SXRB), an émission produced by 106K gas filling the cavities blown by stellar winds and supernovae, by the Galactic halo, and in a minor way, by extragalactic sources.

The Rontgcn satellite (ROSAT) was launchcd in 1990, and it lias produccd observations of the diffuse X-ray background in several bands, from 0.25 keV to 1.5 keV (Snowden et al. 1995(Snowden et al. , 1997)), providing unique information on the nearby and more distant, soft X-ray emitting hot gas. However, détermina tion of the properties of this gas is not straightforward, because it dépends on knowing the ISM distribution for both the X-ray emitting gas (dimensions of the volumes filled by hot gas) and the X-ray absorbing gas (foreground clouds). A number of dcvelopments hâve addressed this problem and succeeded in disentangling the various contributions to the signal by modeling the intensily and the broad-band spectra (Snowden et al. 1997) or by means of shadowing techniques bascd on IR maps (Snowden et al. 1998(Snowden et al. , 2000)). Information was thus obtained on the contri butions to the diffuse background of extragalactic émission and of émission from the bulge, from the halo, and from the nearby cavities. In particular, the ROSAT soft X-ray data (0.25 keV) brought unique information on the hot gas filling the so-called

Local Bubble, a low density, irregular volume in the solar neigh borhood.

Still, many uncertainties remain about the physical proper ties of the emitting gas. As a matter of fact, even if its tempér ature can be delermined spectrally, its density (or its pressure) can only be derived if one knows the extern of the emitting ré gion along each line-of-sight (LOS), and the situation becomes rapidly very complex if several régions contribute to the sig nal. Finally a strong additional difficulty is the contaminating Article published by EDP Sciences A13, page 1 of 12 foreground émission duc to charge exchange of solar wind ions with interstellar and geocoronal neutrals (the so-called SWCX émission). This signal was not understood at the time of the first ROSAT analyses, but is now increasingly well documented (e.g., Wargelin et al. 2004;Snowden et al. 2004;Fujimoto et al. 2007).

It is highly variable with time and also dépends on the obser vation geometry (look direction and LOS through Earth's exosphere and magnetosheath). During the ROSAT All-Sky Survey (RASS), it manifested as sporadic increases of the count rate lasting for few hours to days (called long term enhancements, LTEs). Those LTEs were found to be be correlated with the solar activity, especially solar wind events (Freyberg 1994). Cravens

(2000) convincingly demonstrated thaï LTEs are the product of the highly ionized solar wind specics acquiring électrons in an excited State from exospheric or heliospheric neutrals, which then émit X-rays.

The exospheric (geocoronal) contribution is highly variable with time and can be removed relatively casily, at least to a min imal zéro level. This minimum zéro level of geocoronal SWCX was not subtracted from the RASS data as it was not understood al the time. The strong positional corrélation and near-zero offsets of the -keV data (Snowden et al. 1995) with the previous 4 all-sky surveys of Wisconsin (McCammon et al. 1983), SAS-3 (Marshall & Clark 1984), and HEAO-1 A2 (Garmireet al. 1992) suggest a minimal zero-level offset in the RASS data. A more rccent analysis of the corrélation between the solar wind flux and LTE count rate suggests that the zero-level contribution of the geocoronal SWCX may be roughly 25% of the minimum 1/4 keV band surface brighlness found in the Galactic plane.

The heliospheric SWCX émission is produced by interac tions of solar wind ions with IS neutrals drifting through the so lar System. This émission did not contribute significantly to the LTEs as the time scales are typically significantly longer than the hours-long to day-long variation of the geocoronal SWCX.

However the zéro level of heliospheric SWCX is thought to be on the order of the 1/4 keV background itself and must be laken into account. Bccause the distribution of interstellar hydrogen and hélium atoms in the heliosphere is governed by the relative motion between the Sun and the local interstellar cloud and is characterized by marked maxima along the corresponding direc tion, this SWCX contribution is expected to be oriented in the same way and hâve two strong maxima in opposite directions, one for hydrogen and one for hélium. Lallement (2004) estimated the SWCX heliospheric contribution based on the hydro gen and hélium atom distributions and, for the ROSAT geometry, found that parallax clfccts attenuatc strongly the effects of thèse emissivity maxima and make the SWCX signal nearly isotropie for those ROSAT observing conditions. This has the négative conséquence of making ils disentangling more difficult and pro vides an offset in the measurement of the 0.25 keV background. This is unfortunate silice, as said above, the heliospheric émis sion is far from negligible compared to the LB or halo émission, which adds to the complexity of the modeling, especially duc to its anisotropy, temporal and spectral variability (Koutroumpa et al 2007(Koutroumpa et al , 2009a,b) ,b) on long timescales. The contribution of the heliospheric SWCX is explicitly considered in the following analysis.

At higher energies (0.75 keV-1.5 keV) the ROSAT maps revealed numerous brighl régions corresponding to hot gas within more distant cavities. One particularly interesting examplc is the so-called North Polar Spur (NPS), a prominent feature in the X-ray sky, with conspicuous counterparts in radio contin uum maps (Haslam et al. 1964). Despite its unique angular size, brightness, and shape, its location is still an open question. It is thought to be the X-ray counterpart of a nearby cavity blown by stellar winds from the Scorpio-Centaurus OB association, which lies at a distance of ~170 pc (Egger & Aschenbach 1995).

This is in agreement with a study of the shclls and global pat tern of the polarized radio émission by Wolleben et al. (2007), who modeled the émission as due to two interacting expanding shells surrounding bubbles. The distance to the Loop I/NPS cen tral part is found to be doser than 100 pc, and in both scénar ios the source région is supposed to be widc cnough to also explain the X-ray and the radio continuum enhancements seen in examples of potential studies based on the combination of 3D maps and diffuse X-ray émission.

We address in particular the two questions previously mentioned: (i) we compare the shapes and sizes of the nearby cav ities with the soft X-ray data, in a search for properties of the nearby hot gas; (ii) we search a potential source région for the NPS émission in the new 3D maps.

In Sect. 2, we présent the inversion rcsults in the Galactic plane, a model of the soft X-ray émission based on this inverted distribution and its comparison with the ROSAT 0.25 keV émis sion. Uncertainties introduced by the correction from the helio spheric émission are discussed. In Sect. 3, we search for IS struc tures in the 3D distribution that could correspond to X-ray bright régions and to the NPS source région. We use ROSAT survey images, Newton X-ray Multi-Mirror Mission (XMM-Newton)

X-ray spectra and the 3D maps and discuss the possible location and origin of the NPS. We discuss our conclusions in Sect. 4. Hot gas (T -106 K) emits soft X-rays and produces a back ground that has been well observed during the ROSAT survey (Snowden et al. 1995(Snowden et al. ,1997)). The 106 K gas is primarily traced in the 0.25 keV band, while hotter areas appear as distinct cnhancements in the 0.75 keV maps, whose sources are supernova rem nants, young stellar bubbles or super-bubbles (Snowden et al. 1998). In the softer bands a fraction of the X-ray émission is generated in the Galactic halo, and there is also an exlragalactic contribution.

With the assumption that the Local Bubble and other nearby cavities in the ISM are fîlled with hot gas, then in principle knowledge of the 3D geometry of the ISM may be used to synthesize SXRB intensity distributions (maps), as well as spectral information to compare with observations. This can be done by computing the X-ray émission from ail empty (low density) ré gions, and absorption by any matter between the emitting ré gion and the Sun. Provided maps and data are précisé enough, it should be possible to dérivé the pressure of the hot gas as a function of direction and partly of distance. This is what we illustrate here, in a simplified manner, using only the X-ray surface brightness. This work will be updated and improved as higherresolution 3D maps bccome available.

Figure 1 shows the large-scale structure of the local ISM as it cornes from the inversion of stellar light reddening measuremenls. About 23 000 color excess measurements based on the Strômgrcn, Gcneva and Gcncva-Copcnhagen photomctric Sys tems hâve been assembled for target stars located at distances distributed from 5 to 2000 pc. The photometric catalogs, the merging of data and the application to this dataset of the robust inversion method devised by Tarantola & Valette ( 1982) and dcveloped by Vergely et al. (2001) and Vergely et al. (2010) are described by Lallement et al. (2014). This inversion has produced a 3D distribution of IS clouds in a more extended part of the solar ncighborhood compared to previous inversion maps.

E.g., clouds in the third quadrant are mapped as far as 1.2 kpc.

On the other hand, this dataset is still limited and precludes the production of high resolution maps. The corrélation length in the inversion is assumed to be of the order of 15 pc, in other words ail structures are assumed to be at least 15 pc wide. As a con séquence of this smoothing and of the very conservative choice of inversion parameters (ntade in order to avoid artefacts), the maps do not succeed in revealing the detailed structure of the local fluff in the Solar vicinity, whose reddening is very low duc to both a small gas density and a sniall dust to gas ratio.

Along with the mapping of the dust clouds, quite paradoxically those datasets are especially appropriate to reveal voids (i.e., cavities), essentially due to a bias that favors weakly reddencd stars in the database. The maps indeed show very well the contours of the LB. seen as a void around the Sun, and a number of nearby empty régions (Lallement et al. 2014). Among the Al 3, page 3 of 12 lutter, the most conspicuous mappcd void by far is a kpc wide cavity in the third quadrant that has been identified as the counterpart of the GSH238+08+I0 supershell seen in radio (Heiles 1998). It is a continuation of the well known /?CMa empty, extended région (Gry et al. 1985). It is of particular interest here as a potential source of strong diffuse X-ray émission.

In the following we make use of two different quantities de- Background Experiment (DIRBE) (Schlegel et al. 1998).

An important question is the fraction of heliospheric émis sion that has not been rcmoved to obtain the true signal, based on time variability. It is a difficult task to estimate it precisely, and this will be addressed in future works using the most recent he liospheric models. Since our purpose here is to illustrate the potenlialitics of the 3D maps, we will use the publishcd estimâtes of the solar wind contribution to the cleaned signal (Lallement 2004), and allow for a large uncertainty, which will also cover the small geocoronal zéro level remaining contribution.

Galactic plane: morphological comparisons

As mentioned above, we are using recent 3D ISM maps rcsulting The huge cavity in the third quadrant is the largest cavity that is directly connected wilh the LB. We note that the direction of this conspicuous cavity (also, as noted above, of the eloserySCMa tunnel) corresponds to the direction of the hélium ionization gra dient found by Wolff et al. (1999), suggesting that the same par ticular event might be responsible for the formation of the big cavity and also influenced the ISM ionization close to the Sun.

The cavity is partially hidden behind a dense IS cloud located at ~200 pe towards / = 230°. We also see an extended cavity (presumably a hot gas région) at / ~60°, and smaller, less welldefined extensions of the LB towards / ~285°and / ~340°.

We hâve superimposed on the opacity map the ROSAT un distance is re-absorbed by the doser matter. For this first atlempt we assume that ail cavities (or low density) régions hâve the same X-ray volume emissivity, proportional to a coefficient (e). As a criterion to distinguish between a cavity (X-ray emitter) and a cloud, we assume that there is X-ray émission (ô = 1 ) everywhere the differential extinction is lower than a chosen threshold, and that there is no émission everywhere the density is higher than this threshold value. We hâve selected here the threshold po < 0.00015 mag.pc-1, that corresponds well to the marked transition between the dense areas and the cavities (this corresponds to orange color in Figs. 1 or 2). Finally, we also as sume that at any location the opacity to X-rays is proportional to the dust opacity in the optical (which implies that the gas in the mapped cavities is also absorbing, however since the dust opacity is very small this is a negligible effect).

Our assumption of a two-phases medium, one emitting X-rays and one absorbing them, corresponds to an oversimplified situation. Indeed, hydrodynamical models of the ISM physical and dynamical évolution under the action of stellar winds and supernovae show that these processes lead to extremely complex structures, and, especially, show that a large fraction of gas that is out of collisional equilibrium and can not be part of the two categories (see a review of the modcls by de Avillez et al. 2013). Régions that hâve been recently shock-heated are filled by under-ionized gas that does not émit in X-rays despite lheir high électron température, and conversely gas rapidly expanding may be cooling so fast that ions remain in charge States much above the equilibrium levels and continue to contribute to the X-ray background (de Avillez & Breitschwerdt 2009, 2012). The first case is more important here, since it The coefficient k is estimated in the following way: in the visible E(B -V0cius, = 1 corresponds to /V(H) ~5 x 1021 cm-2, while, at 0.25 keV, T0.25 keV = 1 corresponds to ~1 x 1020 cm"2.

We thus simply assume here that the coefficient k is of the order of 50.

The intégral is computed by discrctizing the LOS into 1 pc bins. The differential opacity p at the center of each bin is obtained by interpolation in the 3D cube. The intégral is computed inwards, from the distance D to the Sun location.

The resulting brightness is displayed as a polar plot and superimposed on the GP map in Fig. 2 (right). It can be seen that the model is closely resembling in shape the unabsorbed émis sion computed by Snowden (1998a) A quantitative comparison between the model and the data requires some assumptions about both the emitting gas propcrties and the instrument sensitivity. Here we make use of the estimâtes of Snowden et al. (1998), namely that a 1 MK gas with solar metallicity produces 1 count s-1 arcmin~2 per 7.07 cnr6 pc émission measure, for a spectral dependence corresponding to the thermal equilibrium mode] of Raymond & Smith (1977). Using this rclationship and masking the Vêla région at / = -100°, the average ROSAT X-ray brightness in the GP is 0.0003 countss-1 arcmin-2, or 0.002 cm"6 pc. On the model side, the average calculated intensity from the simplified radia tive transfer computation is / = 112 x /x for e = 1 and us ing parsecs as distance units, and, if we exclude the third quad rant, / = 78 x /x. Within the assumption of a homogeneous showing here that this new method based on the extinction maps provides reasonable results, despite the numerous assumptions made here such as a canonical dust/gas ratio and the hot gas température homogeneity. Furlher work however is needed to improve the knowledge of the SWCX contribution, since underestimating this contribution would resuit in a lower hot gas pressure.

We hâve seen that under the assumption of hot gas homogencity, and if the filling factor is assumed to bc of the order of unity in ail directions, then the model overestimates significantly the émission in the third quadrant. This discrepancy is not due to an absence of emitting gas beyond 100-150 pc, as demonslrated by the shadowing cffcct of the / ~230°, d ~200 pc cloud discusscd above. Instead, this discrepancy is very likely cxplaincd by different physical properties in this part of the sky, namely the existence of large quantifies of warm gas, or equivalently of a filling factor significantly smaller than one. Snowden (1998b) already noted that there is a large quantity of warm, ionized gas in this area and that this gas may occupy a significant fraction of space. In our simple dichotomy of cavities and dense clouds, we overlooked the rôle of such ionized, low density and low dust régions. In order to investigate this potential rôle, we hâve used in conjunction both our database of ionized calcium absorption data (data recently compiled by Wclsh et al. 2010) and the 3D dust maps: for ail stars for which interstcllar ionized calcium has been measured, we integrated from the Sun to the target star through the 3D differential dust opacity distribution, to obtain the total LOS opacity. We then computed, for each target star, the ratio between this integrated dust opacity and the Call col umn. Results are displayed in Fig. 3 for ail stars that are located within 100 parsecs from the GR The figure clearly shows that the third quadrant is strikingly depleted in dust, or enriched in Call, or both simultaneously. As a matter of fact, the Call to ex tinction ratio is larger by more than an order of magnitude than the corresponding ratio in the three other quadrants. Indeed, it is well known that in shocked and heated gas dust grains are evaporated and calcium is released in the gas phase, two effects thaï both contribute to incrcasc the Call to dust ratio. It is thus clear that our assumption that every région with very low opacity is filled by hot gas is équivalent to neglecting the volume occupied by ionized and heated gas (but not hot enough to émit X-rays) and that may be the source of the observed déviation in the third quadrant. For stars located in the third quadrant at about -300 pc or more, Call columns reach 1012 to 1013 cm-2. Approximate conversions to distances by means of the average values found for the local clouds (sec c.g., Redfield & Linsky 2000) results in large distances, between 100 and 1000 parsecs, confirming that a large fraction of the LOS may be filled by warm ionized gas and not hot gas, and that /x < I in the third quadrant large cavity. Morcover, our assumption of a homogeneous dust to gas ratio also results in underestimating the absorption by the warm dust-depleted ionized gas, which may also contribute to the discrepancies. Such results illustrate the need for additional various absorption data in the course of using 3D dust maps and diffuse X-ray background. The fourth quadrant is also mapped as largely devoid of dust.

Howcver, at variance with the third one, there arc very opaque régions at about 100 to 300 pc, which introduces a bias in the sense that very few targets are part of the database lhat are located beyond those opaque clouds. Not much can be said about this quadrant at large distance, except that according to the available targets the Call to dust ratio is lower than in the big cavity of the third quadrant, suggesting that the event that has evaporated the dust and ionized the gas in the third quadrant has not operated in the same manner in the fourth quadrant.

Meridian plane

Out of the Galactic plane, the comparison between the 3D maps and the SXRB is much more difhcult. As a matter of fact the above study benefited from the following favorable conditions:

(i) the 0.25 keV émission in the GP is solely due to nearby hol gas as the ncarest HI clouds are optically thick; and (ii) the maps hâve the greatest accuracy there, due to the large number of target stars used for the inversion. At variance with the GP, at high latitudes condition (i) is not fulfilled, because there is additional émission from the halo and cxtragalactic sources, nor condition (ii) , bccausc 3D maps arc much more imprécise and limitcd in distance due to the poorer target coverage. For those reasons, and because the lack of précision is maximum in the rotation plane (plane that is perpendicular to meridian plane to Galactic ccnter, or slice in / = 90-270°), wc will restrict out-of-plane studics to a brief comparison between the dust distribution and the SXRB in the meridian plane. Figure 4 shows the meridian plane dust map resulting from the color exccss data inversion, with the 0.25 keV émission (before and after subtraction of the heliospheric coun terpart, also shown) superimposed in polar plots.

The émission has two well defined maxima along a ~70°inclined axis that corresponds to the two chimneys to the halo, an axis that is known for being roughly perpendicular to the Gould belt plane. The plane itself is traced by the main masses of IS matter above and below the GP towards / = 0°and / = 180°respectively. Such qualitative results were already obtained based on previous ncutral sodium and extinction maps (Lallementet al. 2003;Vergely et al. 2010), and are simply confirmed using a larger number of targets. In those chimney directions the signal must be decomposed into the extragalactic, halo, LB, and he liospheric contributions. This requires a carcful analysis of the latter contamination, which will bc the subject of future work.

On the other hand, the simple comparison between the the improved distribution and the X-ray pattern interestingly shows that the most conspicuous émission at / = 0°, b ~60-75°that corresponds to the well known NPS/Loopl enhancement does not correspond to a particular nearby (<300 pc) cavity. This lack of apparent nearby counterpart suggests a distant émission or a different émission mechanism for the NPS arch. We corne back to this point in the next section that is entircly devoted to the NPS seen in the 0.75 keV range. Here, we attempt to use the inverted 3D distribution to study the correspondency between the bright 0.75 keV directions and the nearby cavities or cavity boundaries appearing in the maps.

The study has some similarities with HI (or IR) vs X-ray anticorrelations or shadowing experiments. However here we use the local ISM distribution and not quantities integrated up to infinity, and our new approach is fully complcmentary. Our goal here is to infer in which way the NPS is similar (or different) from other bright features.

We hâve selected the main bright régions in the Galactic center région besides the NPS which are wider than a few degrces, avoiding b < 5°région for which the émission is likely to be generated far outside our mapped volume (e.g., Park et al. 1997).

Numbered 1 to 5 in the following, their approximate centers are thin and its absorption would not very much influence the X-ray pattern. In this case the NPS would be a northern feature, with no counterpart in the south. This potential solution has the advantage of potentially explaining HI shells at high latitudes as extensions of this cavity. However, we are not aware of any OB associations at such latitudes which could potentially hâve given rise to such a cavity. Also, as we will see in the next section, absorbing columns derived from X-ray spcctra do not match the opacity of the clouds in front of the cavity. Thus, contrary to the other 5 cases mentioned above, here we could not find the same type of obvious correspondence between the X-ray pat tern and the 3D distribution, if if distances are restricted to less than 200 pc.

3.3. Inferences from maps and previous NPS spectra Willingalc et al. (2003) and Miller et al. (2008) hâve analyzed in detail XMM-Newton and Suzaku spectra towards different di rections within the NPS. An outpul of their spectral modeling is the estimated A(H) absorbing column towards the emitling région. We hâve used our 3D distribution to integrate the differential opacity along the four directions they hâve studied.

We compare in Fig. 9 the radial opacity profiles, converted into hydrogen column profiles using Ah = 5 x 102] E(B -V) cm-2,

with their estimated absorbing columns on one hand, and the to tal HI column dedueed from 21 cm data (Kalberla et al. 2005) on the other hand. We caution here again that the map resolu tion is of the order of 20-30 pc in this volume, i.e., there is a strong averaging of the structures that explains the smooth increases in opacity. Another characteristic of the inversion must also be mentioned here, namely the use of a default distribution, a distribution that prevails at locations where there are no constraints from the reddening database. Such a default distribution has no influence on the location of the mapped clouds, but when computing opacity intégrais there maybc a non ncgligiblc influ ence of this distribution, cspccially outsidc the GP and at large distances where there are fewer targets. In the maps we use here the / = +25°slice), it can bc seen that this boundary is beyond the densest cloud complex appearing in the maps between -100 and 250 pc depending on directions. We hâve shown in Fig. 8 the dust distribution in the / = 30°meridian plane, with three potential source régions for the bright NPS. The above results are in contradiction with the cavity centered at 150 pc (circle A in Fig. 8) as the origin of the NPS émission, because the inner boundary of this cavity A is at ~100 pc, and thus significantly doser than the 15()pc limit. This is in agreement with the ab sence of a strong dust opacity increasc bclow b -10°in the foreground of the cavity, while this increase is necessary to explain the brightness pattern (see Fig. 5). The cavity B is also very unlikely since it starts at -100 pc, and there is very little absorb ing mattcr in front of it. The most likcly région is the cavity C for which the absorbing column is close to the value deduced from the X-ray spectra, however there is no visible ouler edge and the émission could be generaled anywhere. We caution that our arguments based on the absorbing columns rest on our chosen relationship between the color excess and the gas column, which may be somewhat different in supernova heated régions.

Still, the absence of a marked opacity increase below b -10°i n front of cavity A, which disfavors it, docs not dépend on this relationship.

Integrated dust opacity and 3/4 keV émission

Based on our 3D inversion cube, we hâve integrated the IS opac ity up to 300 pc, in order to gain a more global view of the corrcspondence between the nearby ISM column and the X-ray map.

The 300 pc integrated opacity is shown in Fig. 10. Superimposed is an iso-brightness contour from the ROSAT 0.75 keV map. We definitely see a négative corrélation between the 0.75 keV bright ness and the integrated opacity, as expected. However, there is no anti-correlation in the région discussed above at b = +8 deg, / = 20,25°, where the X-ray signal has an abrupt discontinuity.

Conclusions and discussion

We hâve made a first attempt to compare qualitatively and quan- we havc computed a simplifiée! radiative transfer model, assuming hot gas homogeneity. The data-model comparison allows to infer the average pressure in the Local Cavity, found to be on lhe order of 10000 Kern-3, in agreement with previous studies. On the other hand, the comparison with ionized calcium absorption data confirms that the wide cavity in the third quadrant contains a significant fraction of warm ionized gas.

In the case of the 0.75 keV maps, we fmd good correspondences between lhe existence of tunnels or cavities in the 3D maps and X-ray enhancements. At variance with lhese results, our search for a nearby cavity that could be at the origin of the very bright 0.75 keV émission from the NPS gave a négative re suit, instead we find evidence that the NPS signal originates from hot gas beyond -200 pc, at a larger distance than previously inferred. The same conclusion is reached from the comparison be tween the dust distribution and foreground absorbing columns deduced from NPS X-ray spectra. Since we can only dérivé a lower limit for the NPS source région, a rnuch larger distance, including up to the Galactic center, is not precluded.

More detailed 3D maps are required to improve the type of diagnostics on the X-ray emitting régions we hâve presented here, in particular in the case of the NPS for which there is no definite answer hcrc. Hopcfully incrcasing numbers of target stars will allow to built such maps and reveal more detailed IS structures. Indeed, numerous spectra and subsequently large datasets of individual IS absorption and extinction measurements arc expectcd from spcctroscopic surveys with multiobject spectrographs. In parallel, précisé parallactic distances will hopefully be provided by the ESA cornerstone GAIA mission. used in the inversion. The comparison between the 550 pc-integrated maps shows many similarities. Ail main structures are présent in both maps and areas devoid of matter are also similar. E.g., we encounter nearby dense clouds at l ~30°and l ~80°-140°, and much less matter at ~60°and 180°-215°. At variance with this 550 pc map, at doser distance (e.g., see the 150 pc map), there are strong différences. The IPHAS map is characterized by a higher extinction and a look at ail the IPHAS maps shows that ail structures that are présent in the 550 pc map are already présent at 150pc, which is not at ail the case based on our 3D ISM maps (see Fig. 22.3). We believe that the short and large distance similarities in the IPHAS maps are linked to their methodology, and that our maps, although very coarse, are better representing the distributions at sinaller length scales (nearby structures). 
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Using the high-latitude target stars observed witli NARVAL as well as Hipparcos distances, we showed that the high latitude Arch (b ^70°) in the fourth quadrant that is part of the ensemble called Loop I, is located at 98 ±6 pc. Whereas, the corresponding lower-latitude part (55°^b ^70°) is at 95-157 pc. The location of these filaments within the existing 3D maps suggests that this high-latitude gas is an extension of the local chimney wall to larger distances from the Plane. Overall the geometry is difhcult to reconcile with a nearby shell bounding a giant cavity centered close to the Galactic plane. This is in disagreement with the generally accepted origin of the North Polar Spur/Loop I structure. 4762.6, 4963.9, 5780.4, 5797.1, 5849.8, 6089.8, 6196.0, 6203.0-6204.5, 6269.8, 6283.8, 6379.3, 6445.3, 6613.6, 6660.7, and 6699.3 Â. The mean relationships between the DIB équivalent width and the color excess were calculated, and the parameters of the linear corrélation relationships were positively compared with published values, when existing.

Most corrélation coefficients were found to be higher than those based on earlier type, UV bright target stars, which confinns the influence of the radiation field on the DIB carriers.

We i.e., the strongest DIB. 4430 Àband. Further analyses are required to study these objects.

Using GES data, we demonstrated that DIBs measured toward distance-distributed target stars can be used to locate dense IS clouds, and to probe a line-of-sight kinematic structure.

In particular, from GES-CoR.oT anti-center field, DIBs probe external Galactic arm, i. Chapter 24

Future Improvements in the Spectral

Analysis Tools

The spectral analysis tools that hâve been cleveloped in this thesis still require improvements as we describe liere below.

• Synthetic Stellar Spectrum

As shown in section 11.3 in Chapter 11, when dealing with late-type star spectra using stellar models, spécifie stellar fines are probably still not well-adjusted.

For example, in 6283 Â DIB interval, a stellar line at 6285.5 Â is sometimes underestimated. In 6614 Â DIB interval, a stellar line at ~6613.5 Â is sometimes underestimated, whereas a stellar line at ~6609.5 is often overestimated. In addition, the ability to reproduce synthetic spectra of a binary star (Simon & Sturm, 1994), or of a peculiar object will also be useful to increase the possible target stars for the mapping.

• Automated Fitting with Spline Continuum

As described in subsection 9.5.1 in Chapter 9, when extracting interstellar fines from early-type star spectra, a polynomial function is probably not good enough to fit the spectrum continuum. It would be more appropiate to use a spline function as shown in Fig. 9.16. However, the choice of the knots for the spline function is hardly performed in an automated way. This is a problem if we want a fully automated spectral analysis. As a matter of fact, we need to find how to assign the number of knots (control points) and the distribution of control points without interactive user action.

To obtain a fully automatic spline fitting, an additional routine lias to be developed in the near future. We may consider the automated spline fitting proposed by Chain then the spline fitting. The knots for the spline are positoned in clean régions free frorn IS lines as found by the previous fit using the polynomial continuum.

• Empirical DIB Profile

We know that profiles of individual DIBs may vary slightly from one sight line to the next (Galazutdinov et al., 2002). However, for this tliesis work, we ignore this problem. In fact, the spectral resolution of our data are not high enough to see sub-structures within DIBs.

For the future study, it is worthwhile to establish a more realistic DIB profile from very high resolution data, and to combine our understanding of DIB profiles, i.e., taking the influence of the interstellar environment into account (i.e., UV radiation, IR source).

• IS Lines-DIB Relationship

As mentioned in Chapters 10 and 13, we hâve developed tools to fit simultaneously IS lines and DIBs. When fitting together interstellar lines (e.g., Nal lines) and a DIB, we note that only when we hâve strong (or often saturated) Nal line that a DIB feature will also be detected. It will be useful for future works to study a lower limit of Nal so that a DIB can be detected to estimate an accurate IS components.

If available in the spectral range, Call lines can be used also in the global analysis (see an example in Chapter 10). These lines are less saturated than Nal lines.

In most of the previous DIB studies, radial velocities of DIB are compared to the Kl line, which we can also use in the global analysis. It will be interesting to test which IS gaseous tracer will be the best used for the global analysis. Of course, the choice will also dépend on the spectral range of our data. Spectroscopic surveys which cover DIBs and IS lines will help to push forward this study.

• Hierarchical DIB Fitting

When applying multi-component DIB fitting using information from HI 21 cm émis sion spectra, we use hierarchical fitting by adding DIB components following the number of HI peaks. Nevertheless, criteria for the number of components used in the fitting is still need to be improved. In this tliesis work, we only compare the fitted (obtained) velocity with the one from the guesses. When using more com ponents, chi-square value is found to be smaller. But, to avoid fitting the noise, a more robust goodness of fit test is needed.

Up to now, the spectral analysis tools developed in this tliesis hâve been written using IGOR Pro WaveMetrics 6.2 software (WaveMetrics, Inc.), tlius the IGOR Pro programming language (similar to C, Pascal, or modem Fortran programming language). With current improvement, cross-language progrannning is possible, e.g., reading IGOR files from Python with Python package. The improvement will allow distribution of the spec tral analysis tools for more users in the future.

Chapter 25 General Conclusions and Perspectives

The work presented in this thesis is a préparation step toward a précisé 3D ISM descrip tion. Here below is a list of general conclusions and perspectives from the thesis works.

1. In this thesis, it has been demonstrated that absorption data and stellar distances can give information on the distribution of the ISM between observer and target stars.

2. Spectral analysis tools to measure interstellar absorption hâve been tested and developed during this thesis. Some of the tools are dedicated for analyzing early-type star spectra, and the others are for analyzing late-type star spectra. A new inethod using a synthetic stellar spectrum to distinguish interstellar lines from stellar lines is introduced. This will increase the potential target stars to be used to study ISM and ISM mapping. Routines hâve been included and allow a fully automated fitting. This allows rapid analyses of a large number of stellar spectra.

3. The spectral analysis tools hâve been applied to the study of different interstellar tracers, not only the classical tracers, e.g., Nal and Call lines, but also DIBs.

Despite the unknown carriers, DIBs can be practically used to trace the 3D spatial distribution of the ISM. To be able to measure DIBs, einpirical models of individual DIBs hâve been determined by averaging high résolution spectra of nearby stars.

Nevert.heless, these models can still be improved for the future work, such as using spectra observed by ultrahigh-resolution spectroscopy.

4. Global analysis methods hâve been developed to fit multiple spectral régions and to link IS parameters when appropriate, e.g., the radial velocities of different absorption lines from the same cloud. These tools will be useful to study relationships between the tracers, and to extract their kinematic information at the same time.

Radial velocities of absorption features, e.g., Nal, Call, DIBs, and of émission features, e.g., from HI and CO maps in general are found to be in agreement. In fact, they follow the sinusoidal longitude-velocity behavior of the Galactic disk. 5. For this thesis, corrélations between DIBs and other interstellar parameter, e.g., color excess or extinction, hâve been studied. They were derived from DIBs observed in the spectra of nearby earlier type stars, and from DIBs observed in the spectra of distant later type stars.

DIBs extracted from distant later type stars, especially in Galactic anti center direc tion ("calm" région) are stronger compared to DIBs extracted from nearby hot stars.

More studies can help to confirm the rôle of the stellar radiation field in destruction of DIB carriers.

The corrélation results can be used to give a clne on the sensitivity of DIB to the stellar radiation field. The ratio between DIBs may indicate the interstellar environment.

6. It has been demonstrated that DIBs are a potential tracer to probe distant interstel lar cloud. They are not easily saturated. They can be used to trace Galactic arms by using the DIB-distance profile. A strong increase of DIB strength as a function of distance from the Sun indicates the presence of Galactic arms. 7. A validation test of the inversion has been performed by using simulated data, and gave positive results. The inversion method can reproduce major structures despite the under-constrained problem. A good initial distribution is important to hnd a realistic solution. Otherwise, the best thing to do is to increase the line-of-sight data with précisé stellar distances. These will be soon obtained thanks to Gaia mission. 8. From the recent 3D interstellar dust map, structures hâve been identified, not only for IS clouds, but also cavities. Structures on the map hâve been compared to with émission maps, e.g., radio and soft-Xray map. 9. Finally, 3D ISM maps are useful in many respects, not only for describing the ISM distribution, but also helping to understand physical and Chemical condition of ISM.

The recent 3D IS dust map has helped to describe the distribution of local clouds, Gould Belt, nearby cavities or bubbles, and it has helped to détermine the properties of Local Bubble (LB).

By gathering more interstellar measnrements, and précisé stellar parallaxes measurements from Gaia, a better 3D ISM description in the Galaxy will be possible in the near future.

The future description, will not only give the locations of interstellar clouds, but also their kinematics as derived from spectroscopic data.

During this thesis, some observational proposais hâve been requested to add spectroscopic data or to study particular object or IS tracer:

• ESO Large Program (période 94A), "ESO Diffuse Interstellar Bands Large Explo ration Survey (EDIBLES)", Observations with UVES instrument, PI: Cox, N.

• NorthStar Proposai, Project ID 2014B PCMI002, ''Distance to the North Polar Spur", observations at TBL for July-August, PI: Lallement, R.

• NorthStar Proposai, Project ID 2014B PNP001, "Détection of exocomet and circumstellar activity around nearby A-type stars", observations at TBL-Narval for semestre 2014B, PI: Welsh, B.

• XMM-Newton Proposai, "Where in the Milky Way is the North Polar Spur", PI: Snowden, S.

These data are subject of future works. In addition, results from other large surveys are or will become public, e.g., extinction data from IPHAS, and spectroscopic data from APOGEE, SDSS, and of course GES. Tliese surveys can hâve a strong impact on our understanding of the distribution of ISM and the building of précisé 3D ISM maps. 

Appendix A ELODIE Data

  resuit of the inversion method with an unrealistic po prior 19.6 A resuit of the inversion method 19.7 Sanie as Fig. 19.5, but with an increase in extinction uncertainties from previously (Teï 0.001 to 0.1 19.8 Inversion version in certain région / = 270°to 360°236 20.1 Intégration of the clensity in 3D IS dust map 20.2 Interactive 3D iso-opacity surface 20.3 A slice of 3D ISM map in Galactic Plane superimposed with the Gould belt mode] 20.4 A slice of 3D ISM map in Gould Belt Plane superimposed with the distri bution of the molecular clouds witliin 1 kpc of the Sun 20.5 A slice of 3D ISM map in Gould Belt Plane superimposed with the Gould belt model 20.6 3D plot of iso-opacity of the 3D ISM map superimposed with Gould Belt model (edge on of the LISM) 20.7 3D plot of iso-opacity of the 3D ISM map superimposed with Gould Belt model
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 21 Figure 2.1: Illustration of the Milky Way (edge-on) with several components indicated (not to scale).

Figure 2 . 2 :

 22 Figure 2.2: Illustration of the Milky Way (face-on). This sketch was made by Robert Hurt of the Spitzer Science Center in consultation with Robert Benjamin at the University of Wisconsin-Whitewater. The image is based on data obtained from the literature at radio, infrared, and visible wavelengths. Units are in ly. 1 light year (ly) is ~0.31 pc. Image is taken from Churchwell et al. (2009).

Figure 2 . 3 :

 23 Figure 2.3: The multiwavelength Milky Way from different observations. Froin top to bottorn are soft X-ray 0.75 keV (ROSAT observation), optical (Mellinger), and radio map (Planck), CO survey, and Haslam 408 Mliz Map. Maps are taken from SkyView Virtual Observatory <http : //skyview. gsf c. nasa. gov/current/cgi/query. pl>.
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 3 Figure 3.1: Interstellar cloud types and associated photodissociation région model

Figure 3 . 2 :

 32 Figure 3.2: Kirchoff spectroscopy law: continuous (top left), absorption (top right), and émission spectrum (bottom). Absorption Unes are caused by an absorber in cloud of gas. Image is taken from Addison Wesley.

Figure 3 . 3 :

 33 Figure 3.3: Radial velocity.

Figure 3 . 4 :

 34 Figure 3.4: Illustration of an observed stellar spectrum from the Earth.

Figure 3 . 5 :

 35 Figure 3.5: Illustration of absorption data. Absorption data as a constrain on the distance to IS clouds. Star A and B are in about the saine line-of-sight, and star C is in nearby sight line. From the absorption lines and stellar distances, we can roughly estimate the IS clouds distribution.
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 3 Figure 3.6:The équivalent width is the width of a rectangle below the normalized

Figure 3 . 7 :

 37 Figure 3.7: Curve of growth.

  Figure 4.1: Map of GES targets observed as part of Data Realease 1 and 2 (in Aittof proj., équatorial coordinates), provided by Cambridge Astronomy Survey Unit (CASU). MW = Milky Way, CL = Cluster, SD = Standard. Image taken from <http ://casu. ast.cam.ac.uk/gaiaeso/overview>.

Figure

  Figure G.l shows the telluric transmission model for ail of the significantly contributing molécules. We can also décomposé the model for a spécifie molécule, e.g., O2 only or H2O only, depending on atrnospheric condition at spécifie observatory and at spécifie tiirie.

Figure 6 .

 6 Figure 6.2 shows atinospheric Unes due to water vapor (blue line) and due to 02 (green line).

Figure 6 . 2 :

 62 Figure 6.2: Telluric transmission model from spécifie molécules: O2 (green) and water vapor (blue).

Figure 6 . 3 :

 63 Figure 6.3: Telluric transmission model before and after convolution with instrumental function.

Figure 6 . 4 :

 64 Figure 6.4: Determining sliift value by using cursor. The shift value (i.e., the différence between cursor A and A') is shown in the grey footnote (ô\ = AX).

Figure 6

 6 Figure 6.5: Determining shift value by using correlate operation. Top figure is an example of the stellar spectrum (red) and an example of the telluric transmission model (green) in certain wavelength range. Lower figure shows the output or corrélation resuit.The location of the maximum value (V_max) gives the shifting value SX.

FigureFigure 6 . 7 :

 67 Figure 6.6: Illustration of the total length of the spectrum.

Figure 6 .

 6 Figure 6.8 shows an example of a stellar spectrum in Nal D2-D1 région before and after the telluric lines correction using a simple offset and itération to minimize the total length applied to NARVAL spectra. When analyzing other spectra (e.g. ELODIE observations), we used the optimize operation to obtain the a coefficient. See the following sections.

FIGURE 6. 8 :

 8 FIGURE 6.8: Illustration of telluric lines subtraction. The red line is the stellar spec trum HD94766, a nearby star observed by NARVAL instrument, before the telluric lines subtraction. The black line is the corrected spectrum. The green line is the corresponding telluric transmission model convolved with Gaussian instrumental profile.

Figure 6 .

 6 Figure 6.10: An example of a step in classical profile fitting: spectrum normalization.Top figure is the non-normalized spectrum and selected région for continuum. The blue bar is the chosen points to define the continuum. The lower image is the normalized spectrum.

Figure 6 .

 6 Figure 6.11: Joined two parts of normalized spectra (D2 and DI transitions) for simultaneous fit. Red points are the data points with their associated error bars. Blue points are the model.

Figure 6

 6 Figure 6.12: An example of profile fitting resuit, spectrum of HD94194 observed by NARVAL. The top figures are the non-normalized spectra. The lower figures are the normalized spectrum D2 (left) and DI (right). The thick blue line shows the interstellar fines model (fitting resuit).

Figure 6 .

 6 Figure 6.13: Some examples of preliminary telluric Unes removal in NARVAL spectra.

  Figure 6.14: Distances of the target stars. Red mark shows target with no IS absorp tion. Black mark shows target with IS absorption.

  updated the maps and published a catalog of 2000 Nal and Call absorptions with new data from various observatories. In parallel, tools were developed by Vergely et al. (2010) and applied to extinction measurements. About 6500 stellar color excesses from Strômgren photometry and Hipparcos distances were inverted to producc a 500 pc-wideopacity cube, with the same inversion code being applied to the updated sodium dataset of 1700 Nal columns. The similarity Article published by EDP Sciences A21, page l of 14 bctwcen the locations of the major clouds dcduced from the independcnt and very different sodium and extinction datasets demonstrates that the inversion method is efficient. However, the number of target stars is at présent insufficient for obtaining a high spatial resolution, and allows mapping only the closest major features. Moreover, beyond 300 pc Hipparcos dis tance accuracy rapidly becomes poor, with errors of the order of 10% at 300 pc. More recently, Reis et al. (2011) also used a large set of Stromgren individual photometric data to map the nearby gas opacity in the Galactic center direction with a different method. For such mcthods using individual targets, great progress is expectcd on both target numbers and dis tances, thanks to Gaia. On the other hand, 3D studies of dust based on stellar photometric surveys and photometric distances hâve been undertaken. Instead of individual measurements, they use statistical properties of a massive number of objects in various ways. Marshall et al. (2006) used the Two Micron Ail Sky Survey (2MASS) survey and the Besancon stellar popula tion model (Robin et al. 2003) to select giant stars and produce 3D maps of the extinction for the entire Galactic disk. This approach was successful in revealing the spiral arms. More re cently, Gontcharov (201 I) used 2MASS F dwarfs and the same method to map the more local dust, while Sale et al. (2009) undertook the construction of maps based on the Isaac Newton téle scopé Photometric H-Alpha Survey (IPHAS) database. Finally, Jones et al. (2011) used the Sloan Digital Sky Survey (SDSS) spectra of M stars to build local extinction maps. For ail those studies, future cross-matching with Gciia will allow improved and refined mapping. However, these methods require a large number of stars to produce an average extinction as a function of distance, resulting in a limited resolution (of the order of 100 pc). As such, they are not appropriate for the local ISM as opposed to the inversion of individual data. In addition, the approach based on individual gas absorption Unes is the only one that provides kinematical information, thus making it pos sible to identify the clouds in the radio spectral cubes and benefit from their high précision. The price to be paid, however, is the requirement for huge sets of individual spectral observations.

  delect and position due to both the density fall-off with distance from the plane and the lack of suitable bright background stars, in particuiar early-type target stars required for absorption mea surements because of their smooth continuum. Nevertheless, as previously mentioned, these features are particularly important for current missions. Loop I is a Galactic giant radio contin uum loop of 58°± 4°radius, centered at / = 329°± 1?5 and b = +1725 ± 3°(Berkhuijsen et al. 1971). Several lilamentary arches are visible in the radio maps. A bright, conspicuous verti cal structure at the bottom left of the main Loop I arch, centered at / ^30°and extending between b = +5 and +40°has been called the North Polar Spur (NPS). H1 shells hâve been observed

  The high-latitude (b > 55°) HI shells hâve no known dust or absorbing gas counterpart that could confirm their distance. The 3D maps of the nearby ISM should, in principle, reveal them, but due to the previously mentioned lack of high Galactic latitude data, this is not very clear yet. The inverted 3D opacity distribu tion of Vcrgely et al. (2010) reveals a dust cloud within 5°from the North Pôle, which coincides in direction with the highest por tion of the Loop I shell and the brightest area above 60°latitude seen in Fig.1, and is possibly associated to the HI émission feature. This cloud is visible, e.g., in Fig.10of Vergely et al. in the top part of the vertical half plane containing the Sun and sightlines with / = -35°. Its closest part is at about 110-120 pc in this low-resolution map. But this cloud has no detected counterpart in the current Nal maps, which may be due to the low number of high-latitude targets available and the absence of sightlines Crossing the shells. On the other hand, the huge cavity supposedly bounded by Loop I has not been found in any inverted map yet, probably because it doesn't hâve enough spatial resolution and size.

  in the direction of the Loop I northern shells and possessing a Hipparcos parallax distance. The target locations are shown in Fig.1, superimposed on the Leiden-Argentina-Bonn (LAB) HI map(Kalberla et al. 2005). The map here is restricted to local standard of rest (LSR) velocities between -15 and +10 kms'1 and clearly reveals the whole Loop 1 structure.The targets are of early A-type stars or later A stars that are fast rotators, allowing easier détection of the narrow interstellar absorption lines imprinted on the stellar lines.High signal-to-noise ratios (>200) and high-resolution (R = 75 000, ôv = 4 km s-1) spectra of 30 targets were recorded with NARVAL, the spcctro-polarimeter of the Bernard Lyot telescope (2 m) at Pic du Midi Observatory. Here, wc used NARVAL in its spectrométrie mode. Observations were distributed over 15 nights between December 2010 and February 2011 in order for each star to be observed under optimal conditions. The data are ail of excellent quality and corne from the standard réduc tion pipeline. The signal-to-noise ratio always exceeds 100. For stars which benefitted from several exposures, they were performed during the same night and their spectra were simply coadded. Exposure times range from 100 s to two hours, according to brightness, spectral type, rotational velocity, and potenlial constraints on the cloud distance (targets doser than 200 5895 Â) in the 30 recorded spectra and derived Doppler velocities and column densities by means of classical profile-fitting methods. Prior to the line-profile fitting, telluric water vapor absorption lines in the sodium doublet spectral région were removed on the basis of a synthetic telluric trans mission spectrum, individually adjusted to each observation (see Lallement et al. 1993). The spectra were then normalized, based on polynomial or Gaussian adjustments of the stellar continuum around the interstellar lines. After that, the absorptions were classically modeled by products of Voigt functions representing the individual clouds, convolved by the instrumental response. The cloud characteristics, i.e., radial velocities, column den sities, and line broadening values (or ^-values, which are combinations of thermal broadening and micro-turbulence) are free parameters and were derived from a simultaneous adjustment to the D2 and DI transitions. The hyperfine structure has been taken into account, i.e., each D2 or D I line is a product

  get stars. The quoted errors are those associated with the profile fitting alone and do not take into account wavelength calibration uncertainties or uncertainties due to the continuum placement. The sodium Unes arc extremely sharp, errors on the central velocity are very small, even smaller than errors associated with the wavelength calibration. The fitted data and the individual HI émission spectra taken from the LAB Survey for each target direction are shown in Figs. 2, 3 and Appendix A. The Doppler velocities of the detected clouds were compared with the HI émission and conclusions were drawn on the basis of this comparison and the morphology of the shell.

FigFig. 2 .Fig. 3 .

 23 Fig. 5.

Fig. 4 .

 4 Fig. 4. Distribution of the target stars in longitude vs. distance (top) and latitude vs. distance (rniddle for b > 70°and bottom for b < 70°). The stars hâve been divided into two groups, according their latitudes (see text). In the top graph, the two groups of stars are separated by a yellow line, except for the three targets 14 to 16 that are at low longitudes but seem to be located in the direction of the high-latitude arch. The red (resp. black) numbers show the target star without (resp. with) inter stellar sodium lines at radial velocities identical to the HI loop I radio velocities. The stars with interstellar lines are also shown with rectan gular symbols.

Fig. 5 .

 5 Fig. 5. Distribution of the detected IS cloud radial velocities in LSR frame from Nal absorptions, superimposed on HI émission map -10 to 10 km s-1. When two components are detected, they are indicated above and below the star marker.

Fig. 7 .

 7 Fig. 7. Locations of the HI arches detected in absorption w.r.t. the lo cal ISM global structure, drawn as thick black curve Unes. The map represents a planar eut through the 3D opacity distribution derived by Vergely et al. (2010) from extinction data. The Sun is at the center (0, 0 coordinates) and the north pôle is directed to the top of the figure. The plane is oriented along the 150-330°longitude direction. Units are parsecs. Black represents high-opacity régions, white non-reddening medium. The spatial resolution of the map is 15 pc (see Vergely et al., for explanations). Iso-opacity contours hâve been added to emphasize the dense areas. Turquoise and green small dots are the stars close to the plane included in the inverted dataset and their distribution gives an idea of the constraints on the gas location. Pale dots indicate régions where no inversion was made due to insufficient data. The -1 below the plane on the right is the first digit of the -100 pc label (X counted positively toward the anticenter). We hâve represented the two arches detected in this plane, i.e., toward b = +85 and +75°. The first arch falls close to the dust cloud found by inversion of extinction data. The lower velocity gas is indicated by arrows pointing to longer distances. The cavity towards /, b = (330°, +20°) was very likely blown by stars from the Upper-Scorpius OB association. Interestingly, the HI gas here located falls in the continuity of the masses of dust, whose boundaries defining the local chimney are inclined w.r.t. to the polar axis.

Figure 6 .

 6 Figure 6.15 and Fig. 6.16 show some examples of telluric lines correction for the ELODIE spectra using a simple shift and optimize operation.

Figure 6 .

 6 Figure 6.17 shows an example of the profile fitting to a spectrum from Elodie archive. The top image is the non-normalized spectra (D2 in the left, DI in the right). We first htted the continuum with a polynomial function. The lower images are the normalized spectra (the spectrum is divided by the polynomial function). We then htted the data with the interstellar line model. The spectrum is shown in red. The red dotted lines are interstellar lines model of multiple cloud components. The blue line is the ht resuit. The three sharp absorption-like features in the DI région are artifacts. They may cause failure in the prohle fitting.

Figure 6

 6 Figure 6.15:An example of telluric Unes correction in Elodie spectrum, HD190397.

  Figure 6.16: An example of telluric lines correction in Elodie spectrum. HD223425.

Figure 6 .

 6 Figure 6.18: Distribution of M4 stars together witb D2 measurements.

Figure 6 . 19 :

 619 Figure 6.19: An example of classical profile fitting target star in M4 cluster. Upper figures are the non-normalized spectrum D2(left) and Dl(right). We see stellar Nal line next to the interstellar line. Lower figures are the normalized spectrum.

Figure 6 .

 6 Figure 6.20: Sky émission residuals in the right of fS Nal line. IS Nal line is at ~0 km/s

Figure

  Figure 6.22: Sky subtraction's resuit. Upper: non sky subtracted spectra. Lower:

  Figure 7.1: Interstellar component détection. Left axis is flux in arbitrary unit and the bottom axis is radial velocity. The top figure is the interstellar lines in the stellar spectrum (stronger transition région). The iniddle figure is cloud guesses (see dots) froin sliding findpeak. The lower figure is cloud guesses from sliding findpeak with constraints based on line width (see crosses).

Figure 7 . 2 :

 72 Figure 7.2: Another example of interstellar component détection.

Figure 8 .

 8 Figure 8.1 shows an illustration of deriving the empirical DIB model. The top plot is a stellar spectrum with a DIB feature. The lower plot shows the normalized and scaled stellar spectra used to dérivé the DIB model. The model is the average profile (and is smoothed, if necessary).

Figure 8

 8 Figure 8.1: Empirical DIB Model for 6196 band. Top: An example of DIB feature in the stellar spectrum. Bottom: Normalized and scaled spectra of the (rnost) reddened stars in the dataset used to dérivé the DIB model (shown in thick black).

Figure 8 .

 8 Figure 8.1 to 8.3 show the empirical DIB models.

Figure 8 . 4 :

 84 Figure 8.4: Telluric line correction using decomposed models, H2O (dotted-blue) and O2 (dotted-green).

Figure 8 . 5 :

 85 Figure 8.5: Ilustration of gliding method

  Friedman et al. (2011 and référencés therein), attempts to identify DIBs can be dividcd into four fïelds: (1) searches for signatures in the laboratory; (2) theoretical modeling of the detected profiles; (3) searches for corréla tions of DIBs with other interstellar parameters; and (4) searches * Appendix A is available in electronic form at http://www.aanda.org for corrélations between individual pairs of DIBs. Extensive datasets, in particular from stellar spectroscopic surveys, can be useful in the last two perspectives. However, analyses of large data sets require automated methods of DIB extraction. As part of this work we built and tested such methods. Another advanlage of extensive DIB measurements from spectroscopic surveys is their potential use as a tracer of the IS matter to build three-dimensional (3D) maps, by means of the derived spatial gradients of their strengths. This is made possi ble by the link between the DIBs and the amounts of intervening IS matter. Such a link has been extensively studied for extinc tion (or color excess) and atomic or molecular tracers. Many of them are significantly or weakly correlated with interstellar inlegrated quantitics, namcly the HI, Ht column or the color excess, as shown by numerous studics (e.g. Friedman et al. 2011; Vos

  ties and UV extinction law hâve been identified(Krelowski & Sneden 1994;Krelowski et al. 1995): the <f-type sightlines cor respond to UV-shielded cloud cores, while the rr-type sightlines probe cxtcrnal régions of thc clouds, which arc partially ionizcd by UV radiation field. The DIBs bchave diffcrcntly in rcsponse to those conditions, and there are families of DIBs that respond in a similar way (e.g.Krelowski & Walker 1987). Even if lheir degree of corrélation with the dust or gas column is poor, DIBs can be uscd to locate IS clouds in the samc way as interstellar lines are used, simply by detecting gradients that mark the cloud boundary; e.g., neutral sodium is very poorly correlated with HI.Nevertheless, abrupt jumps in neutral sodium columns clearly mark the boundary of atomic or partially ionized clouds.DIBs would be complementary to other tracers that hâve been used for IS mapping, such as atomic lines or color excesses(Welsh & Lallemcnt 2010; Vergely et al. 2010). The easily observed IS lines, such as the Nal D1-D2 and the Call H-K lines, saturate for moderate and high reddening so that the uncertainties associated to the derived gas columns are large. This is a problem when one uses spatial gradients of the absorbing columns to locate the IS clouds. At variance with those lines, most of the DIBS in the visible do not suffer from these satu ration effects and can potentially be used for longer distances.With thc advcnt of spectroscopic surveys, such as thc ESO-Gaia Spectroscopic Survey(Gilmore et al. 2012), large numbers of DIB absorption measurements are expected, which can feed databases for 3D mapping. Thanks to the Gaia mission, parallax distances should become availablc for billions of stars and allow 3D interstellar matter (ISM) maps to be built by mcans of inver sion methods(Vergely et al. 2001(Vergely et al. ,2010)). Even though assigning distances to clouds by means of absorption data does not require any proportionality between the measured quantity (column of a gaseous spccies, reddening, or DIB strength) and thc column of IS gas or dust, the existence of an established average relationship is useful for estimating average volume opacities of 3D dust clouds, in addition lo their locations. Because the belter the DIB corrélation is, the more meaningful the estimation of the dust (or gas) column that will be based on the DIB strength, it is interesting lo study ail corrélation coefficients in detail. In another respect, the possibility of estimating the extinction based on DIB strength and thc corrélation law may be extremely valuable in case photometric or spectrophotometric data are absent or ambiguous. As part of the présent work, we extend previous correlative studies and provide new average relationships for several DIBs.

(

  S/N > 100) spectra of nearby, early-type (B to A5), fastrolating stars that are moslly located within 400 pc. Observations were donc with the FEROS speclrograph al the ESO/Max Planck 2.2 m telescope in La Silla and were part of the LP179.C-0197 program. FEROS provides a broad spectral range: -3530 to -9210 A. This dataset has been previously used for interstellar (IS) neutral sodium and ionized calcium mcasurcments that, after merging to an existing database, hâve been inverted to produce 3D maps of the nearby IS matter(Welsh & Lallement 2010; Vergely et al. 2010). They hâve also been used to study the two strong bands at 5780.38 and 6283.84 Â(Raimond et al. 2012). Such high-quality and wide-range spec tra are well suited for the study of diffuse bands, including weak ones.

3. 1 .

 1 Choice of DIBsWe started with the recent and extended DIB catalog ofHobbs et al. (2008) and initially considered ali potential bands. DIBs were first selected when they were strong enough to be detected in more than about 20 target stars, in such a way that a corréla tion with the eolor exeess ean be established with some statistical significance. Because our targets are nearby and slightly reddened, this resulted in a drastic sélection of the strongest bands, despite the high S/N. In a second step, we excluded the strong but very broad and shallow bands such as the 4426 A band. In the case of our early-type stars, those bands hâve widths that become comparable to the stellar line widths and are difficult to disentangle from those stellar fines in an automated way (those DIBs are paradoxically casier to measure for late-typc stars). For the sélection we used a threshold of >0.05 for the ratio between the DIB équivalent width and the full width at half maximum (FWHM). For those broad and shallow bands, melhods based on stellar spectral models(Chcn et al. 2013) would be more appropriate and will be the subject of future work. TableIshows our 16 selected DIBs and lists their parameters as determined byHobbs et al. (2008). They hâve ail been detected in several objects, including in the Magellanic clouds, M3l, M33, and for ninc of them previous déterminations of the relationship with the reddening do exist for Milky Way targets and are listed in the table.

( 2012 )

 2012 and is already adapted to the résolution and instrumental response. When weak telluric fines arc présent, we use a tclluric transmission model that is fîlted in airmass and Doppler shift to the data and is used to eliminale those features. Then, we fit a pre-defined spectral inlerval around the DIB to a combination of a smooth continuum, represented by a polynomial function, here of third to seventh-degree, and the DIB model. The DIB model is allowed to vary in strength and velocity shift, and the polynomial

(

  1993), corrélations with gaseous fines and extinction; (4) Jenniskens & Desert (1994), DIBs survey with EW/E(B-F); (5) Sonnentrucker et al. (1997), Ionization properties; (6) Krelowski et al. (1999), relation with CH and CH+; (7) Thorburn et al. (2003), relation with C2 molécules; (8) Destree et al. (2007), cool stars; (9) Cordiner et al. (2008), M31; (10) van Loon et al. (2009), Tarantula survey; (11) Cordiner et al. (2011 a), M31 ; ( 12) Cordi ner et al. (2011 b), M31, M33; ( 13) Ordaz étal. (2011), O stars; (14) Friedman et al. (2011), Corrélations with gaseous fines sand color exeess; (15) Raimond et al. (2012), survey: corréla tion with color exeess; (16) Chen et al. (2013), cool giant bulge stars; (17) Xiang et al. (2012), compilation of corrélations; (18) Vos et al. (201 1), study of environmental effects; (19) Walkeret al. (2001), study of profiles. coefficients arc ail free to vary. The spectral intcrval over which the fit is done is pre defined, and it contains the DIB and broad enough intervals both short ward and long ward of the DIB to ensure a good fil of the stellar continuum. When strong telluric fines arc présent, instead of the combination of a DIB model and a smooth continuum, we fit the data to a triple combination of telluric transmission model (also fit in strength and shift), DIB model, and smooth continuum. In ail cases (non existent, weak,

  Atmospheric lines were modeled by means of a synthetic tclluric transmission computed using the line-by-line radia tive transfer model (LBLRTM) code and the Hlgh-Resolution-TRANsmission molecular absorption (HITRAN) spectroscopic database, here for a standard atmosphère profile and for the alti tude of La Silla(Clough et al. 2005; Rothman et al. 2009). For the 6283.8 DIB, telluric lines of diatomic oxygen are particularly strong. For this DIB, and this DIB only, the correction was not done in a preliminary phase, but instead we fitted the data to a triple combination of stellar, DIB, and telluric models, as dcscribed above. During the fit, both the DIB and the telluric trans mission are free to vary in Doppler shift and strength, allowing for Earth velocity and airmass variations from one spectrum to the olher. An illustration of the fitting can be found in Fig.1. For the5849.8, 6269.85, 6445.28, 6613.62, and 6660.71 DIBs that

Fig. 1 .

 1 Fig.1. Illustration of telluric line corrections using an automated fitting method that takes stellar continuum, telluric lines, and also DIB into account. The black line is the original spectrum of HD 176853, the green line is the synthetic telluric transmission, the blue line is the fitting result, and the red line is the residual. The very strong telluric lines are not entirely removed, but the residuals do not significantly affect on the DIB équivalent width.

3. 3 .

 3 Fig.4. Illustration of the automated DIB fitting method for the 6196.0 DIB. The first row image shows the spectrum of HD 147932 (red line) with the DIB band at about 6195.98 Â. The second row im age shows an empirical DIB shape model (black line). It is an average profile deduced from profiles of the most reddened stars, scaled to the same EW. The third row image shows an example of automated DIB fitting (DIB model + continuum fitting) The red line is the spectrum of target star and the blue line is the fitting resuit. The last row shows the corrélation between EWs and color excess values using OLS method.

Figure 5

 5 Figure5shows their comparison for the 16 DIBs. It can be scen that for almost ail DIBs the différences arc inferior to the uneertainties in the very large majority of measurements. As said above, DIB shape variabilities and velocity spread of the interstellar clouds must be reflected in the différences between the two EWs. The absence of significanl différences may be explained hcrc by the proximity of the target stars, which results in a small velocity dispersion. It also implies that the DIB shape is représentative enough of the majority of the absorptions in the nearby ISM. For that reason, we can use any of the EWs to study the corrélations with other parameters. The exception is the 6203-6204 Â DIB, and this is certainly related to the fact thaï there are two components and thaï their relative strengths do vary from one target to the other. For this System il may be interesting to consider both the fitted EW and the continuumintegrated EW in the search for corrélations (see the two results in Table2).

FigFig. 7 .

 7 Fig. 6. continued.

  parameters, using data front their tables. The parameters agréé with ours, within the uncertainties. Our Pearson coefficients are higher: 0.94 vs. 0.90 for DIB 5780, 0.94 vs. 0.89 for DIB 5797, and finally 0.92 vs. 0.75 for DIB 5849. The large différence for this last band suggests that it is very sensitive to radiation condi tions. Finally, Cordiner et al. (2011 a) quotes average coefficients of 88 and 50 mÂ/mag for the 6379 and 6660 DIBs, respectively, in their comparison with M31. Those values are similar to our results.

T

  ber of absorbing clouds and the small radial velocity différ ences among those clouds, in comparison with the DIB intrinsic width. For more distant targets, departures between the two EWs may be used to initiate a second fit with two or more DIB profiles centered al distinct velocity shifts, in an itérative manner. The exception to the equality of the two déterminations is the 6203-6204 DIB, which is composcd of at least two distinct bands (see e.g.Porceddu et al. 1991).Corrélations parameters with the stellar reddening are found to be in good agreement with previous déterminations, again within uncertainties, and we présent six new déterminations. The Pearson corrélation coefficients are between 0.89 for 6269.85 and 6699.32 Â to 0.95 for 6660.71 Â, in a very similar range to other DIBs in the optical domain. When compared with previous déterminations, our Pearson coefficients for ail DIBs are often significantly higher. We believe that this is due to the lack of strong stellar radiation field influences, because our targets arc cooler than most of those used in other studies (e.g.Friedman et al. 2011 ; Ordaz et al. 2011 ).We note that the two DIBs that correlate the best with the reddening, the 6196 and 6614 Â bands, are also those that hâve high degrees of corrélation with each other and other bands, such A25, page 10 of 18 5809, 6699 Â (sec details on corrélations in the récent work byXiang et al. 2012 and McCall et al. 2010).We conclude from this study that DIBs hâve been correctly extracted from spectroscopic data of early-type stars in the sim plifiée! automated way we tested. Stich treatments may be applied to building extended databases, available for corrélative studies, and studies of the environmental effects. The forthcoming ESA cornerstonc Gaia mission will provide the distances lo most targets observable with Galactic spectroscopic surveys, opening the way to three-dimensional mapping of the DIB car riers based on absorption measurements from surveys. In this perspective, the development of refrned automated methods is mandatory. A condition of success for such methods is the élim ination of binary stars, which must be dctccted prior to the DIB extraction. Here our targets are relatively nearby, and the sightline IS velocity dispersion is small in comparison with the DIB width. However, for distant targets, procedures allowing for mul tiple clouds with radial velocity shifts potentially broadly distributed will be necessary. They could be, e.g., based on itéra tions for an increasing number of components, using différences between fitted DIB EWs and continuum-integrated EWs as criteria for the number of clouds, following the above remarks on those différences. On the other hand, if one wants to rcach the best possible spatial resolution of the 3D maps, methods appropriate for cool stars will be required.Such methods are currently in development, and promising rcsults hâve been obtaincd from combinations of stellar synthetie spectra of cool stars, telluric transmission profiles, and DIB ab sorption templates(Chen et al. 2013). Again, spécial attention will hâve to be given to the case of binary Systems, for which automated tools may provide erroncous results. A preliminary détection of those Systems will hâve to précédé the DIB analysis itself. thank the referee for the useful continents on the manuscript. Part of this work has been funded by the French Research Agency in the frame of the STILISM project. H.-C. C. wants to acknowledge support by grants from Région Ile-de-France.

Figure 8 .

 8 Figure 8.6 shows an example of GOSSS spectra, and Fig. 8.7 to 8.8 show sonie examples of the adjustments. The DIB measurements can be found in Appendix D.

  Application to Later-Type Star Spectra (Stars of the M4 Cluster and of Chameleon)

Figure 8 . 6 :

 86 Figure 8.6: Example of GOSSS spectra wliich contains 4430 Â DIB.

Figure 8 . 7 :

 87 Figure 8.7: Example of the 4430 Â DIB fitting to the GOSSS spectrum using a Gaussian profile for star FO 15.

Figure 8 . 8 :

 88 Figure 8.8: Example of the 4430 Â DIB fitting to the GOSSS spectrum using a Gaussian profile for star WR 22 090722.

Figure 8

 8 Figure 8.9: Comparison of EWj 4430 Â DIB with EWci 4430 Â DIB. The agreement between the two quantities shows that the Gaussian profile is good enough to fit the spectra.

Figure 8 .

 8 Figure 8.10: DIB fitting in GES FLAMES Spectra of M4 stars

Figure 9 .

 9 Figure 9.1 shows an illustration of the fit coefficient linkage. The upper image is an example of global analysis (fitting). The lower image (table-like) shows the lingkage of the fitted coefficents. The saine color in the table shows the sharing properties, such as optical depth D2-D1 (dark blue), optical depth K-H (green), radial velocity D2-D1 K-H (purple), and température D2-D1 K-H (light-blue). While none of the continua coefficients (a,b,c, and d) share their properties one another.

Figure 9

 9 Figure 9.2: Global analysis D2-D1 and K-H for HD94266. The upper plots are Nal D2 (left) and DI (right). The lower plots are Call K and H.

  Figure 9.3 and 9.4 show some examples of the fitting resuit of interstellar Nal lines with the global analysis. The équivalent width measurements can be found in Appendix B and are quite in agreement with the previous measurements with the classical method (see Fig. 9.5). Variations are due to different fitting guesses (e.g., rmmber of IS components), normalization, etc. The measurements should be used carefully due to the sky subtraction problem in the Nal région.9.4Test using Spectra from the ELODIE archiveWe hâve tested the Nal D2-D1 automated global analysis on early type star spectra from the ELODIE archive: the same B-type targets stars that were fitted semi-automatically (see Chapter 6) and about 300 A-type targets. Figure 9.6 shows an example of the global fitting.

Figure 9 . 3 :

 93 Figure 9.3: Global analysis D2-D1 a for ID star 506. The upper plot is Nal D2. The lower plot is Dl. Red line show the stellar spectrum, whereas blue line is the fit resuit.

Figure 9 . 4 :

 94 Figure 9.4: Same as Fig. 9.3 but for ID star 1024.

  For those objects one must use other stellar lines to infer the location of the stellar sodium lines and compare this location with the observation. If the stellar and interstellar line shifts are very different one can do the disentangling, but in doubtful cases one must exclude the target. The exclusion criterion is a subject of the future work.

Figure 9 . 6 :

 96 Figure 9.6: Global analysis of HD223425 observed by ELODIE. Upper: D2 line. Bottom: DI line. The red line shows the stellar spectrum, whereas the blue line shows the fitting result. We note a small contamination in DI région.

Figure 9 . 7 :

 97 Figure 9.7: An example of a simple D2 fitting of BD005394 observed by ELODIE. The red line shows the stellar spectrum, whereas the blue line shows the fitting resuit. The radial velocity of the interstellar features was compared witli the one from the stellar feature (e.g., stellar Ha line in dotted-black and Iron line in dotted-pink). Tliis is a clear stellar-interstellar disentangling case.

Figure 9 . 8 :

 98 Figure 9.8: Saine as Fig 9.7, but for HD061273. This is a doubtful case, in which stellar Ha and Iron lines are at the same velocity as the suspected IS sodium at ~-40

Figure 9 . 9 :

 99 Figure 9.9: Global analysis of HD93205. Upper: Call K line. Bottom: Call H line.

Figure 9 .

 9 Figure 9.10: Global analysis of HD93205. Upper: Nal D2 line. Bottom: DI line. The red line shows the stellar spectrum, whereas the blue line shows the fitting resuit. Dashed blue lines are the interstellar components.

Figure 9 .

 9 Figure 9.11: Global analysis of HD303308. Upper: Call K line. Bottom: Call H line.

Figure 9 .

 9 Figure 9.13: Spline continuum. Demonstrated here is the use of a spline ht for the continuum spectrum where the green marks show the selected knots and the blue line shows the obtained continuum.

FIGURE 9 .

 9 FIGURE 9.14: Polynomial (3rd order) vs. Spline continuum.

Figure 9 .

 9 Figure 9.15: An example of Spline IS Fitting for HD93222.

Figure 9 .

 9 Figure 9.16: A comparison between the polynomial continuum (left) and spline con tinuum (right) for HD93222.

  M\oib are models for Call K, H, and DIB dataset respectively. 4>a is Voigt function which dépends on optical depth (r), apparent température (T) and radial velocity(vr). DIBi is the empirical individual DIB model. K is r doublet ratio, a* is the DIB strength, P\ is the polynomial function to fit the continuum, and G\ is the instrumental function. These models fit the data simultaneously using the global fit wrapper function.

  Figures 10.1 to 10.3 show the illustration of the DIB-interstellar lines global analysis. The interstellar lines can help to déterminethe nurnber of components in the DIB. From our test, the lines and DIBs hâve similar radial velocity (in agreement). We remark that strong IS lines are needed to be able to detect DIB.

Figure 10

 10 Figure 10.1: Illustration of global analysis interstellar Call K-H -5780 DIB. The fitting resuit of HD179029 which has single interstellar component. Marked black line is the data. The red line shows the global fit.

Figure 10

 10 Figure 10.2: Same as Fig. 10.1, but for HD52266 which use two interstellar components. Marked black line shows the data. The red line shows the global fit. The blue dashed line shows the profile for each component.

Figure 10. 3 :

 3 Figure 10.3: Illustration of global analysis interstellar Nal D2-D1 -5780 DIB for HD179029. Same as Fig. 10.1, the fitting use a single interstellar component. Marked black line shows the data. The red line shows the global fit. For this test, preliminary telluric line correction was not applied in Nal région.

Figure 11

 11 Figure 11.1: Automated IS détection in a subtracted spectrum. Upper: An observed stellar spectrum (data). Middle: A synthetic stellar model. Lower: A subtracted spec trum (data -synthetic stellar spectrum). The sliding findpeak is applied in the D2 line région.

Figure 11

 11 Figure 11.2: Automated interstellar line fitting for the late-type star spectrnm, cname 220018423, nsing a combination of a synthetic stellar spectrum, a model of interstellar fines, and a model of telluric transmission. The models are sliown in dotted fines (pnrple for interstellar fines, green for telluric fines models, and red for the stellar model). The spectrum is in black. The fitting resuit is the tfiick red-purple fine.

3 :

 3 Figure 11.3: Distribution of the 60 low extinction targets superimposed on an HI rnap. Higher extinction (column density) is shown as darker color. The target stars are shown as red triangles.

  Figure 11.4: Same as Fig. 11.2, but for cname 22003128.

Figure 11 . 5 :

 115 Figure 11.5: Saine as Fig. 11.2, but for cname 13594506.

From

  Figure 11.7: An example of a stellar model needing improvement (overestimate/ underestimate of spécifie stellar Unes). The stellar spectrum is shown in red (lower plot), the stellar model in dashed-orange, and the fit is in blue. The fit residual is shown in upper plot. The arrows show the overestimated and the underestimated lines, and the residnals.

  Figure 11.8: An exainple of stellar sodium line that is not well adjusted.

  Figure 12.1: Schéma of DIB extraction methods.

  Figures 12.2 and 12.3 show some examples of automated adjustments. As sliown in Fig. 12.3,

Figure 12

 12 Figure 12.2: Mono-cloud DIB fitting in Spectra of M4 Stars observed by FLAMES GIRAFFE (R ~17000) with LR2, HR12 and HR15 setting.

Figure 12 . 3 :

 123 Figure 12.3: Mono-cloud DIB fitting in Spectra of M4 Stars observed by FLAMES UVES (R ~47000).

FIGURE

  FIGURE 12.4: Hierarchical DIB fitting.

Figure 12

 12 Figure 12.5 is an example of multiple DIB fitting with the Hierarchical DIB fitting schemata. The spectrum was observed with the GIRAFFE/FLAMES instrument (R 17000)as part of GES data. The initial guesses for the DIB velocity centroids are 24, 40, 50 km/s and corne from the HI spectrum in tire sanie direction (see the top plot in Fig.12.5). We start the fit with a unique DIB component (rniddle plot). However, the fitted velocity is too large compared to the initial guess and therefore we add the second IS component (lower plot).

9

  ) provided the appropriate matrices of parameters are established. The first data set, in this case, is the interstellar line région, and the other dataset is the DIB région. The program brings together ail of the fit coefficients including the gaseous line, DIB and telluric radial velocities, the telluric airmass coefficient, the IS line optical depths and apparent températures, and the DIB strengths, ail free parameters. We link the radial velocity of each IS absorption component due to the saine cloud, i.e., the radial velocity of the D2 line, the DI line, to the one of the diffuse band(s).

  Figure 13.1 shows an example of global analysis of Sodium doublet, 6614, and 6283 band.

  Figure 13.1: Global analysis of Sodium doublet, and the 6614 and 6283 bands.

Figure 13 . 3

 133 to 13.7 show some examples of the global fit of the sodium lines and the 6613.6 Â DIB.Unavoidably, a problem arises for IS lines whose radial velocity is exactly at the stellar radial velocity Vr, and when the strong Nal (or Gall) stellar line is not well represented by the stellar model (see section 11.3). This makes the IS line extraction uncertain or sometimes produces a fitted IS line that does not exist. Until now, we only put a flag(*) for the Nal and DIB measurements affected by these problems. Work is in progress to solvc this problem. One solution is to extract from the spectra the IS features that are not affected, these results may be used in future in new codes treating separately the velocity inter vais.

Figure 13 . 3 :Figure 13

 13313 Figure 13.3: An example of global fit between sodium Unes and a spécifie DIB, 6613.6 band, observed in the spectrum of ename 16285779-2428046 in RHO OPH field. The vertical black line shows the IS component.

Figure

  Figure 13.6: Same as Fig. 13.3, but for cname 15532925-4059522 in GES MW 155400 410000 field.

Figure 13

 13 Figure 13.8: DIB-distance profile for the 60 UVES target stars. EW is in m and distance in kpc. The color in each figure shows that those stars are in the same field or about the same field.

Figure 13

 13 Figure 13.9: DIB-Av profile for the 60 UVES target stars. EW is in m and distance in kpc. The color in each figure shows hat those stars are in the saine or about the sanie field.

(

  S'a), a DIB model (DIB\), and a telluric line model (Ta), convolved with instrumental function (G\). A linear function (Pa) is added to adjust the continuum level. We describe the models as follow, M\DIBl = (^[Kcar] x DIB\i [oiDIBl, Vr\ X Ta [ottell, Keiz] x T^aO, 60]) * G\ (14.1a) M\dib2 = ('S'a[^Gtor] x DIBx2[ocdib2ivA x T\[ateii,Vteii\ x Pa[(z1,61]) * G\. (14.1b) M\dibi and M\dib2 are the models for the first and the second dataset. Terni Vstar, vr,and Vteii correspond to stellar radial velocity, interstellar cloud radial velocity, and Earth's motion, respectively. The ternis 0(dibu &DIB2, and ateii correspond to DIB strengths and airmass coefficient. We note again that in this case vr in M\dibi and M\dib2 is linked.14.2 Test using Targets from the GES CoRoT FieldsWe hâve applied this method to the GES/UVES targets that are contained within the two COnvection, ROtation et Transits planétaires (CoRoT) fields, called anti-center (AC:l,b ~213°,-2°), and center (C: l,b ~37°,-7°). The fields are almost diametrically opposite on the sky. There were 12 target stars available at the time of this study : 7 targets in the anti-center direction and 5 in the center direction.

  At variance with the previous comparison, the DIB ratio does not show a systematic différence between the fields, with -~5 (seeFig 14.11). Ail results are summarized in Tables 14.1 and 14.1.These différences may be explained by the spécifie behavior already found in several studies. Environmental conditions and especially the radiation may dest.roy or favor the DIB carrier(s). The 6283 Â DIB in particular has been shown to be one of the DIBs sensitive to the stellar radiation field, and has been found to be strongly reduced in clouds that are close to UV-bright stars in star-forming régions. Estimated distances and measured EWs for the two fields (see table14.1) can be compared with 3D maps of the nearby dust (Fig 14.1). The comparison shows that the absorption for the closest C field star is produced in the first 300 pc in the complex région below the Aquila Rift (see also the Galactic Plane map). For the other more distant targets the absorption occurs both in this cloud and in an additional complex at about 400pc. In the case of the opposed AC field the 3 doser targets within about 600 parsecs hâve small DIBs, in agreement with the map, and most of the absorption probably occurs at much larger distance (beyond the map shown in Fig.14.1). It is possible that the dense clouds crossed in the C field expérience more UV radiation than in the opposite direction and this radiation partly destroys the carrier of the 6283 Â DIB. Thus, the 6614/6284 ratio increases. On the other hand, the constancy of the 6614/6196 ratio confirais that the 6196 and 6614 Â bands are rather well correlated.

Figure 14 . 1 :

 141 Figure 14.1: CoRoT fields the target stars in a slice of the 3D ISM map (Lallement et al., 2014). Color-excess is shown in rainbow color. Purple shows higher reddening région. Red shows lower reddening région. The CoRoT anti-center direction encounters gradually denser clouds, whereas the CoRoT center field encounters nearby dense région (probably associated with Aquila rift).

  Galactic ISM tracers has some advantages over gaseous lines. As we already noted: they are numerous, and are not saturated even for distant targets. As a test of their potential use as IS tracers, we hâve applied the newly developed spectral analysis tools to GES late-type star spectra, focusing on sériés of stars contained within the same narrow field, and distributed in distance. For each field, we studied how the DIB strengths and radial velocities evolve with distance. The GES survey is particularly suitable for this type of study due to the simultaneous observation of a large nuinber of stars within the FLAMES ~20 arcmin field-of-view (FOV). In addition, GES observations of open clusters einploy several exposures in the saine direction, increasing the number of targets and the distance coverage.

Figure 15 .

 15 Figure 15.1 shows some results based on ~60 GIRAFFE targets from the GES-CoRoT anti-center field (l ~213°), with stellar distances reaching ~7 kpc. We hâve extracted the 6614 À DIB from ail spectra and stacked the measured DIB profiles in 8 groups of 8 stars sorted by distances. It is obvious from the figure that as the stellar distance increases, both the DIB strength and its mean Doppler shift increase. The Doppler shift increase

  Figure 15.2: Radial velocity of DIB along Galactic longitude

Figure 15 . 3 :

 153 Figure 15.3: Velocities of Perseus arms (based on the CO molécules) and CoRot Anti-Center field. Image from Dame et al. (2001).

  . Thanks to the Gaia mission, launched 19 December 2013, parallax distances should become available for a huge number of Milky Way stars, allowing to build more accurate maps. One of the observational advantages of DIBs over gaseous Unes is their spreading over a wide vvavelength interval (from optical to IR), and. more important, the absence of saturation for distant or particularly opaque sight-lines. Another strong advantage over the use of photometric extinction is the dérivation of the kinematic information, i.e., the radial velocities of the IS clouds.Ail of the individual IS clouds that are présent along a line-of-sight (LOS) imprint a spécifie DIB absorption whose strength and Doppler shift reflect the IS matter content and cloud radial velocity, respectively. This is why measuring DIB équivalent widths in a single-component approach becomes inappropriate when the radial velocity interval that is spanned by ail cloud projected mo tions is not negligible with respect to the DIB spectral width, i.e., it is not a valid technique for narrow DIB and/or distant sight-lines. However, the extraction of multi-component DIBs together with their kinematics has been rarely attempted.Cox et al. (2005) used the convolution of a template DIB profile and the multi-component Kl absorption profile, while Cordineret al. (2008) (resp. Cordiner et al. 2011) fitted separately the Milky Way and M31 (resp. M33) DIBs using Gaussian profiles. Here, we présent improved fitting methods allowing for multi-component of DIBs. The methods are fully automated. Automated here means that no intervention by the user is needed during the sériés of fitting that are launched in a unique run for a large number of spectra.

Figure 1

 1 Figure1shows the distribution of the fields in the sky, superimposed on a HI 21cm émission map. The projections to the Plane are also shown in Fig 20.Ail targets were observed with the FLAMES multi-object spectrograph at the VLT-UT2. We used both GIRAFFE (R -17000) and UVES (R ^47000) observations (seeDekkeret al., 2000, for UVES).The UVES spectra cover the 5822 to 6831 Â spectral range which contains the classical Nal (D2-DI 5889.9-5895.9 Â) IS fines as well as some rather strong DIBs, such as the 6283.8 (hereafter called 6283) and 6613.6 (6614) Â bands. Depending on the observed field, the GIRAFFE observations were made with the H665 (HR15N) setting (spectral range 6444-6816 Â) which allows study of the 6614 Â DIB at a lower resolution than UVES, and with the H875 (HR21) setting (spectral range 8475-8982 Â) which includes the 8620.4 (8620) Â DIB (informally known as the Gaia DIB, since it is contained in the spectral interval of the Radial Velocity Spectrometer (RVS) on board the satellite. The additional inner disk bulge data was observed with GIRAFFE H13 setting (spectral range 6170-6309 Â). The GES UVES and GIRAFFE reduced spectra are issued from the dedicated pipeline(Sacco et al., 2014), while the two OGLE field spectra were reduced by means of using our dedicated GIRAFFE tool based on the ESO pipeline.
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 224 hâve been observed as part of GES. A majority of those GES target stars are wfithin the GES-CoRoT (COnvection ROtation et Transits planétaires) fields (172 stars).

Fig. 2 .

 2 Fig.2. Illustration of the Nal doublet/6614 Â DIB global, multi-component analysis, here for the GES star 12574905-6458511 (field 3). The Nal région is shown at top and the DIB région at lower panel. The entire fitted spectral interval is shown at left, while the right figure displays enlarged the Nal-D2 région (top) and the DIB région (lower). In each figure the red line shows the stellar spectrum (lower plot) and the fitting residuals (upper plot). The dotted fines are the models: stellar (orange), telluric (green), and interstellar components (blue) respectively. The thick blue fine is the final adjustment. The radial velocities of the Nal and DIBs components are kept linked (see the black vertical fine). Velocities are heliocentric.

Fig. 3 .

 3 Fig.3. Same as Fig. 2 (except for the enlarged figure) for the 6283 Â DIB.

Fig. 4 .Fig. 5 .

 45 Fig.4. Illustration of the multi-component 6614 Â DIB fitting: GIRAFFE field 1, GES target 06441034-0048254. The red line shows the stellar spectrum. The dotted lines are the models: stellar (orange), telluric (green), empirical DIBs (grey). The thick blue line is the optimal model adjustment. The initial guesses for the DIB velocity centroids are 24,40,50 km/s and based on the HI spectrum in the same direction (see top plot).Middle: an example of a preliminary adjustment with a unique DIB component. The DIB velocity is found to be ~33 km/s. The large différence from the initial guess (24 km/s) demonstrates the need for the introduction of a second cloud component. Bollom: an example of a subséquent adjustment with two DIB components.The two fitted velocities are now close to the first two H1 émission peaks.

  Fig. 22 in the Appendix show the stacked residual of the DIB fitting for the 6614 Â and 8620 Â bands for ~160 GIRAFFE stars, and examples of dependence on the star effective température.

  a very discrepant point in the Ao-distance curve (marked by a red star in Fig 6, lower panel), with no corresponding anomalously small DIBs. Interestingly, this target star has sismologie parameters that are in marked disagreement with the spectrophotometric déterminations (R. A. Peralta, private communication), and for this reason its distance/extinction détermination may be wrong. It is encouraging that our most discrepant resuit points to such a contradiction. At large distance, it is not clear whether the strong increase beyond 4 kpc corresponds to the Outer Arm. Its location is in good agreement with a Crossing of the Outer Arm internai part as it appears in the schematic Galactic map ofChurchwell et al. (2009) (see Fig.20). Also, the total reddening E(B-V) from the Planck map(Planck Collaboration et al., 2013) varies between 0.5 and 0.9 over the field covered by the targets (-20 x 25 arcmin wide), and the spectrophotometric extinction (or the similar DIB-based extinction) for the most distant stars is found to reach the Planck integrated value (the maximum value is even slightly above the Planck value in the direction of the corresponding target). However, we do not detect clearly a corresponding distinct and strong shift in radial velocity (see below the discussion about the kinematics).

Figure 7 Fig. 6 .Fig. 7 .

 767 Figure7displays, for the three DIBs, their variations with the estimated extinction Ao based on ail of the target stars in the field. It can be clearly seen from the figure that the three DIBs appear to be linearly correlated with the extinction. Our three selected DIBs are among those that are reasonably well correlated with extinction in average conditions. However, previous studies based on early-type stars hâve revealed a strong dispersion about the mean relationship and in particular many oulliers that correspond to the bright UV stars. Here we note that there are no équivalent oulliers, which is probably due to our cool target stars and our intégrations over large distances. This corresponds to a less severely modulated character of the sight-line, or the ISM varies in a less extreme way (see the combined results in section 4.8).The need for a multi-component analysis in the case of the CoRoT AC field and the narrow 6614Â band is illustrated in the fig.8. For each star we derived the full absorption attributable to the DIB in the following manner: the full profile-fitting (whose results are described below) is performed first. The fitted continuum and the adjusted stellar spectrum are used to subtract from the

  errors are displayed in Fig 9. It can be seen that the resulting DIB velocities belong to two groups centered on: Vhei -15-32 and Vhei -40 -55 km/s (or, vLSr =* -2 -15 and vlsr ^23 -38, respectively). Velocity results for those targets for which DIB velocities were determined through global fitting and are consequently linked to the strong sodium absorptions are marked by triangles. They are in agreement with the main groups of radial velocities, showing a global agreement between the main HI, Nal and DIB structures. The first velocity group is tightly associated with the first H1 peak, that corresponds to the local arm. The second group corresponds to the second or blended second and third HI components at ~35-45 km/s, that corresponds to Perseus. Interestingly, none of our target requires absorption at around + 65 km/s, the heliocentric radial velocity of the reddest, strong HI émission peak (see Fig. 9). It is not clear whether this highest velocity component seen in HI corresponds to the Perseus or a more distant Arm, i.e. the Outer (or Cygnus) Arm. In their synthetic Figure 3, Dame et al. (2001) are attributing to the Perseus Arm a heliocentric velocity interval Uhei = 37 -67 km/s (v/sr = 20 -50 km/s) in the direction of

  Fig.9. Comparison between the fitted DIB radial velocities and EWs and the HI 21 cm émission spectra.Black (respectively red) markers and lines are GIRAFFE results and HI spectra from field 1 (respectively field 2). Error bars on the velocities are based on the full covariance matrix for the various paramcters.In the case of the narrow 6614 Â DIB (GIRAFFE observations) a significant number of spectra require two velocity components, that very likely correspond to the Local and Perseus arms. Small EWs and large error bars on velocities correspond to marginal results in low signal to noise spectra. UVES target results are displayed with triangles. At variance with GIRAFFE, UVES velocities are linked to the strong sodium lines through global fitting. Their agreement with the velocity structure derived from the GIRAFFE targcts shows the link between Nal and DIB velocities.

  Fig. 10. CoRoT CENTER F1ELD field. Left: DIB//40 vs. distance profile. Right: DIB vs A0: 6283 and 6614

  Fig. 11. NGC 4815 field: (left) DIB and A() distance profiles. Right: 6283 (top) and 6614 (lower panel) Â DIB EW vs the estimated extinction A0. The black "0" sign indicates the unique star with a single DIB velocity,for ail other targets adjustment to data requires two velocity components. Stars identified byFriel et al. (2014) as cluster members correspond to blue markers, non-members to red.

Figure 17

 17 Figure 17 and 18 show the radial profiles of the DIB strength and the estimated extinction. They both show a graduai increase. The profiles are in agreement with the profiles derived by Marshall et al. (2006) from 2MASS and the Besanon model in adjacent directions. We used A^ç/Ao=0.11 for the conversion. The DIB-extinction corrélation is shown in lower panel, and is compatible with a linear relationship within the measurements and the model uncertainties. The Pearson coefficients are found to be 0.55 and 0.76 for 1NNERDISK O and W resp.

4. 3 .

 3 Ail fields: Corrélation with the Extinction

Fig. 12 .

 12 Fig. 12. NGC4815 field: kinematics. Top: the6283 Â DIB. Bottom: the 6614 Â DIB.The black line represents the HI 21 cm émission spectrum (LAB Survey). The dashed blue lines are an example of the fitted 1S Nal lines (here from star cname 12581939-6453533) and triangles are the velocities of the DIB components derived from the global fit for ail targets.

  Fig. 13. The y Vel field. Left: DIB EW and estimated extinction as a function of target distance. Two groups of stars are présent that probe different régions of the foreground cloud. Right: The relation between EWs and extinction. There is a signifïcant scatter, the largest from the 7 fields. Several oulliers hâve stronger DIBs compared to the averaged relation. These departures from linearity are very likely linked to the influence of the Wolf-rayet star environment.

Figure 20

 20 Figure 20 shows the projections of the target stars onto the Galactic plane, superimposed on a face-on map of the Milky Way. The color represents the 6283 DIB EW when it is measured, and a 6283-equivalent value deduced by simply scaling the 6614 or 8620 DIBs based on the mean

Fig. 15 .

 15 Fig. 15. Baade Window direction: DIB vs. distance and Aq vs. distance

  Fig. 17.6283 DIB EW and estimated extinction as a function of distance (top) and DIB extinction relationship (lower panel) for the OGLE BUL_SC24 (INNERDISK O) field. We compare our estimated extinction with the profiles from Marshall et al. (2006) (see text) for adjacent directions.

Fig. 18 .Fig. 19 .Fig. 20 .

 181920 Fig. 18. INNERDISK W field: DIB vs. distance, Aq vs. distance, and DIB vs Ao

Fig. 21 .

 21 Fig. 21. Left: Fit residuals (the différence between the data spectrum and the fitted model) for ail of target stars in the CoRoT fields observed by GIRAFFE ( 6613.6 Â DIB). The left axis is the star stacking axis and the top axis is the wavelength (after spectra hâve ail been shifted to their respective stellar frames). The color shows the residual intensity. Zéro value (green) corresponds to well-fitted spectra. The residual (red and blue for positive and négative residual, respectively) is due to imperfect stellar modeling. Right: The residuals at chosen wavelengths: at ~6605 Â (shown in red mark) and at ~6614 Â (shown in green). The ~6605 Â région shows higher positive residuals due to overestimate of stellar line model in this région. At 6614 A, we hâve fit residuals about 0.

Fig. 22 .

 22 Fig. 22. Same as Fig. 21 but for 8620 DIB. Left: Fit residuals for ail of target stars over wavelength. Right:

Figure

  Figure 16.1: DIB-£'(5 -V) relationships derived from the nearby early-type FEROS target stars.

Figure 16 . 2 :

 162 Figure 16.2: DIB vs AO, ail fields.

Figure 16 . 3 :

 163 Figure 16.3: Variation of DIB profile. Profiles for the DIBs at 5780, 6196, and 6203-6204 Â. Image from Dahlstrom et al. (2013).

  Distribution of the target stars superimposed on diffuse X-ray map (from X-ray Multi-Mirror Mission -Newton, XMM-Newton, observation) and optical map (from Sloan Digital Sky Survey, SDSS, observation) is shown in Fig.17.1.

Figure 17 . 1 :

 171 Figure 17.1: Distribution of the target stars toward the Carina nebula. Image taken from XMM (upper panel) and SDSS (lower panel) observations.

Figure 17 . 5 :

 175 Figure 17.5: Interstellar absorption profiles observed in HD93129A spectrum.

Figure 17 . 7 :

 177 Figure 17.7: Interstellar absorption profiles observée! in CPD-58+2611 spectrum.

Figure 17 .

 17 Figure 17.10: Interstellar absorption profiles observed in ALS15 207 spectrum.

Figure 17 .

 17 Figure 17.13: Interstellar absorption profiles observed in Trl6-244 spectrum.

Figure

  Figure 17.14: Interstellar absorption profiles observed in WR25 spectrum

Figure 18 . 1 :

 181 Figure 18.1: M4 cluster behind dark nebulosity in Scorpio-Ophiuchus (from WISE 12/rm band). Black and purple indicate low intensity, while blue and green indicate high diffuse intensity.

Figure 18 . 2 :

 182 Figure 18.2: Comparison of the 6614 À DIB measured with the two methods (without and with a stellar model, see text). Upper: DIB fitting without a stellar model. The stellar spectrum is shown as the red line. The fitting resuit is shown as the blue line. DIB can be seen as the broad shallow feature in ~6613 Â. Lower: DIB fitting with a stellar model. The stellar model is shown in dotted black line. Apparently, a spécifie line lies on the DIB interval from which contaminate the results.

Figure 18 . 3 :

 183 Figure 18.3: Equivalent width measurements for the 6614 Â DIB and the three M4

  Figure 18.4: M4 reddening map. Upper: Reddening rnap from Hendricks et al. (2012). Red areas indicate a higher reddening compared to the mean value and bine areas indicate a lower reddening. Lower: Distribution of the target stars (the fîrst two datasets) color coded with DIB strength. The black contour shows the area in Hendricks et al. (2012) map. The bine contour shows lower reddening région. The coordinate is normalized to an arbitrary zéro (RA,DEC) = (16h 23m 15.12s, -26 25 15.4).

  FIGURE 18.5: Comparison DIB reddening estimation with WISE w3 band.

Figure 18 . 6 :

 186 Figure 18.6: Color magnitude diagram (CMD) based on DIB for Monaco et al. (2012) data.Upper\ CMD with non-corrected (observed) magnitude. Lower: CMD with corrected magnitude based on DIB.

Figure 19 . 1 :

 191 Figure 19.1: An illustration of Lévy flights technique in xy-plane which allowing small and long junips.

Figure 19 .

 19  resp.) and vertical slice on the simulated 3D distribution.

Figure 19 .

 19 1 shows an illustration of the Lévy flight technique to simulate a number of particles.Figure 19.2 shows an horizontal and a vertical slices in the 3D distribution of simulated particles. Different colors show the density of each cube.

Figure 19 . 3 :

 193 Figure 19.3: Distribution of the fake target stars in galactic coordinate.

Figure 19 . 4 :

 194 Figure 19.4: Smoothing length's détermination (autocorrélation profile adjustment).

Figure 19 Figure 19 . 6 :

 19196 Figure 19.5: A resuit of the inversion method with an unrealistic po prior (2.5 x 10~4, too small). The figure is an image of the Plane (horizontal slice of the 3D cube). Target stars at |6|< 5 are superimposed on the figure shown in gold triangles.

Figure 19 Figure 19

 1919 Figure 19.7: Sanie as Fig. 19.5, but with an increase in extinction uncertainties from previously <7^=0.001 to 0.1.

  et al. (2014) described a 3D ISM map based on color excess measurements with the inversion method. This 3D interstellar dust map has a better resolution and covers wider région in the Galaxy compared to the previous studies from Lallementet al. (2003),Vergely et al. (2001Vergely et al. ( , 2010)),Welsh et al. 

  Figure 20.1: Intégration of the density in 3D IS dust rriap (color excess) from top to bottom is to a distance of 100, 150, 200, 250 pc. Units in magnitude.

Figure 20 . 3

 203 Figure 20.3 shows a slice of the 3D ISM map in Galactic Plane, and the projected Gould Belt (blue ellipse), molecular clouds, and OB associations on the Plane. Most of the molecular clouds (shown in blue and green circles) are in agreement with the ring and the ISM map, except for a few clouds, i.e., the Vêla clouds, which are located outside the ring. Based on the ISM map, we are under the impression that Vêla clouds do not belong to the Gould Belt. They seem to be located farther away, about 700-1000 pc from the Sun. Star-like symbols show the OB associations. They are mostly not located in the ring. This is probably caused by error in their parallaxes, or they hâve moved quite far from their associated clouds. Sirnilar to Fig. 20.3, Fig 20.5 shows a slice of the 3D map but in the Gould Belt plane itself.

Figure 20 .

 20 Figure 20.6 and 20.7 show 3D plot of Gould Belt and iso-surface (iso-opacity) of the recent 3D ISM map produced using the MATLAB software. The tilt of the Gould Belt and of the local clouds are in agreement, although they are from independent détermination.

Figure 20 . 3 :

 203 Figure 20.3: A slice of 3D ISM map in Galactic Plane superimposed with the Gould belt model. Rainbow color shows the opacity of the ISM. Circles show the molecular clouds used for the Gould Belt, modeling. Star-like marks show the OB associations.

Figure 20 .

 20 Figure 20.11) shows slices of the 3D map along the longitude of the shell (/ = 340°-250°). Distance estimation based on IS Nal absorption analyses from Puspitarini & Lallement(2012) and the Hipparchos parallaxes is in a good agreement with the 3D IS dust map, i.e., D ~98 ± 6 pc for the structure at b -85°and 75°, and D = 143 ± 14 pc for the structure seen at (l,b) ~(250°, 55°). However, higher velocity HI structures in Fig.6ofPuspitarini & Lallement (2012) that are probably more distant than 200 pc, are not

Figure 20

 20 Figure 20.7: 3D plot of iso-opacity of the 3D ISM map superimposed with Gould Belt model (seen froni a certain angle). Iso-surface of color excess le-3 mag/'pc. Rainbow color shows Galactic latitude.

Figure 20 . 8 :

 208 Figure20.8: 3D plot of iso-opacity of the 3D ISM map (face on of the LISM)). Iso surface of color excess le-4 mag/pc. Cavities and "chimneys" are seen in wliite.

Figure 20 . 9 :

 209 Figure 20.9: Vertical slice on the 3D IS dust map to the Loop I center (/ ~-30°) Structures observed in high-latitude correspond to the Loop I.

Figure 20 .

 20 Figure 20.11: Vertical slices of the 3D IS dust map along the longitude of the 30 target stars (see text). Based on Nal absorption data and the Hipparchos parallaxes, D ~98 ± 6 pc for the structure at (l, b) = (> 250°, 70 -85°) and D = 143 ± 14 pc for the structure seen at (l.b) ~(250°,55°), which are in agreement with these rnaps.

  Figure 21.1: ROSAT 0.25 keV map in Aitoff projection. Bine shows higher émission, red shows lower émission.

Figure 21

 21 Figure 21.2: ROSAT 0.75 keV map.

Figure 21 . 3

 213 Figure 21.3 shows illustrations of the Loop I and NPS geometry from the previous studies.

Figure 21 . 3 :

 213 Figure 21.3: Loop I and NPS illustrations from previous studies. Left: toward (l 330°)(image taken fromIwan, 1980). Center: (image taken from Egger k Aschenbach,

Figure 21

 21 Figure 21.5: A polar plot of the heliospheric émission model in the Galactic Plane.

Figure 21 . 7 :

 217 Figure 21.7: Subtraction of the heliospheric émission

Figure 21 . 8 : 3 case

 2183 Figure 21.8: Comparison between ROSAT data and radiative transfer models.

  Figure 21.9: The 0.75 keV brightest régions and the corresponding voids in 3D dust map. Shown in the upper left is ROSAT keV map. Higher intesities are shown in brighter color. Figures shown in rainbow color are the slice of the 3D ISM map in the chosen directions.

FIGURE 21 .

 21 FIGURE 21.10: Observational directions (black circles) for the Southern terminus of the NPS (b b) ~(30°, 10°) superimposed in different multi-wavelength émission maps. i.e., ROSAT, Wilkinson Microwave Anisotropy Probe (WMAP), Fermi Large Area Telescope (LAT), and the HI map. Image taken from the XMM-Newton Proposai.

Fig. 1 .

 1 Fig.1. Differential color excess in the Galactic plane, derived by inver sion of LOS data (map taken fromLallement et al. 2014). The Sun is at (0,0) and the Galactic center direction is to the right. Cavities (in red) are potential SXRB sources if they are fîlled with hot gas. A po lar plot of the unabsorbed (foreground) 0.25 keV diffuse background derived from shadowing(Snowden 1998a) is shown superimposed in black (thick line), centered on the Sun. The linear scaling of the X-ray surface brightness, i.e., the ratio between surface brightnesses and parsecs, is chosen to be consistent with the physical extent of the LB. Also shown is the shape of the estimated average heliospheric contribution to the signal (dashed blue line). This contribution has been arbitrarily scaled to make it more visible and the heliospheric signal should not be directly compared here with the measured background.

2.

  Local cavities and inferences about nearby hot gasThe Local Bubble (LB) or Local Cavity is defined as the irregularly shaped, -50-150 pc wide volume of very low density gas surrounding the Sun, mostly fîlled by gas at ~1 million Kelvin (MK). In most directions, il is surrounded by walls of denser neutral ISM, while in other directions, it is extended and connected through tunnels to nearby cavities (see Fig.1). Such a foamy structure is expected to be shaped by the permanent ISM rccycling under the action of stellar winds and supernova (SN) explosions that inllate hot MK bubbles within dense clouds.Hydrodynamical models of the multi-phase ISM évolution un der the action of stellar winds and supernova remnants (SNRs, e.g., de Avillez & Breitschwerdt 2009) demonstrate how high density and température contrasts are maintained as shells are cooling and condense over the following thousand to million years, giving birth to new stars. Clouds engulfed by expanding hot gas evaporate. However, depending on their sizes and densities they may survive up to Myrs in the hot cavities. This is the case for the LB: as a matter of fact, beside hot gas, cooler clouds (-5-10 pc wide) are also présent inside the bubble, including a group of very tenuous clouds within 10-20 parsecs from the Sun, the Local Fluff.

  rived from ROSAT data: (i) the initial data measured in the Rl-R2 channcls that correspond to the 0.25 kcV range, after correc tion for the LTE's; and (ii) the unabsorbed émission in the same energy range, a quantity computed bySnowden et al. (1998) obtained after subtraction of any source that can be shown to be non negligibly absorbcd by foreground IS clouds. This rcsidual émission from hot gas in the solar neighborhood that is not hidden by dense clouds has been determined by computing the négative corrélation between the R1-R2 corrected background and the lOOpm intensity measured by the Infrared Astronomical Satellite (IRAS), corrccted using data from the Diffuse Infrared

  from the inversion of color-exccss measurcmcnts. The inversion provides the distribution of the differential opacity in a cube, and we generally use slices within this cube to study the IS struc tures in spécifie planes. Figurelshows a horizontal slice of the 3D inverted cube that contains the Sun. The differential extinc tion is color-coded, in red for low volume opacity and purple for high volume opacity. Despite the small offset of the Sun from the Galactic plane (hereafter GP), we consider this slice as corresponding to the GP. The map shows distinctly the ~50-15() pc wide empty volume around the Sun that corresponds to the LB.

  absorbed 0.25 keV surface brightness derived bySnowden et al. (1998), shown in Sun-cenlered polar coordinates. Although the curve represents surface brightness values and not distances, such a représentation reveals the correspondencc between X-ray bright régions and cavity contours. It is immediately clear that the two brightest areas correspond to the régions in the third quadrant that are not hidden by the ~200 pc cloud, sug gesting that a fraction of the signal contes from the wide GSH238+10 (or CMa super-bubble) cavity, and that towards the cloud this signal is attenuated. Other enhancements correspond to directions whcre the LB first boundary is quite distant (/ +80°, + 120°, +330°), strongly suggesting that part of the émis sion is associated to those elongated parts of the LB. Those co incidences are quite encouraging, showing that the ntapped cavities and the soft X-ray émission are eorrelatcd.

Figure 1

 1 Figure 1 also displays the shape of the averaged estimated heliospheric contribution to the signal, computed using the ROSAT observing conditions (values takenfrom Lallement 2004). Because this signal is not far from being isotropie in the GP, removing it from the total background results in an amplifi cation of the enhancements previously mentioned. This can be seen in Fig.2which shows the residual signal after removal of the same heliospheric pattern, for two different assumptions about the absolute level of this contamination (see Lallement2004). Considering those two cases also allows to figure out how the sublraction of a small zéro level of geocoronal contribution would impact on the hot gas émission pattern. In both cases, by using an appropriate X-ray brightness scaling for the figure, we can see that the corrected background shape agréés quite well with the LB contours, following the empty régions derived from the inversion results. On the other hand, this also shows the sensitivity to the heliospheric contribution and the importance of taking this heliospheric counterpart into account as accurately as possible.
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 122 Fig. 2. Same as Fig. I in a restricted area around the Sun. The color scale is identical to the one in Fig. 1. Left: a polar plot centered on the Sun shows the unabsorbed 0.25 keV diffuse background after removal of a heliospheric contribution. The black and blue curves correspond to different assumptions on the actual lcvcl of the heliospheric foreground (sce text). Right: polar plots representing the total 0.25 keV background (absorbed + unabsorbed), after removal of the larger heliospheric contribution (see black line), and the resuit of a simplistic radiative transfer model assuming ail cavities are filled wilh hot, homogeneous gas (blue line). The scaling for the polar plot curves is done in the same manner as in Fig. I.

  displayed in the left panel, which constitutes an interesting validation of the mapping com putation. However, because the simple radiative transfer model involves émission from ail régions, and includes partially ab sorbed signais, the data-model comparison should be made with the initial ROSAT data. We thus extracted the 0.25 keV surface brightness in the GP from ROSAT high resolution maps, using the b = +/-1.50 slice in the data. We exclude data in the direc tion of Vêla (at / ~260°) duc to the strong SNR contribution to the observed flux. We show in polar coordinates the resulting signal, after removal of the same heliospheric contribution as the one used above. Again there are strong similarities between the angular shapes of the model and the data, with however an inter esting, significant overestimation of the model towards the CMa cavity. We will return to that point in the discussion below. An important resuit of this comparison is the good correspondency between the elongated parts of the Local Cavity and soft X-ray maxima, i.e., towards the longitudes / ~345, 80 and 125°. This demonstrates that there is X-ray emitting gas filling those nearby régions that are considered as part of the Local Bubble, and strongly suggests that hot gas is filling the entire Local Cavity, cxcept for the small clouds known to be embedded, for cxamplc the Local Flujf.

A13, page 5 of 12 Fig. 3 .

 123 Fig.3. Dust-Call comparison. Superimposed onto the GP dust distribution (black and white scale, distribution identical to the one in Fig. 1) are the projections of those stars located within 100 pc from the GP and for which Call columns hâve been measured in absorption (colored dots).Units are in parsecs from the Sun (at center). The dot color represents the ratio between the Call column measured towards the star and the hydrogen column lhat corresponds to its color excess. The color excess is computed by integrating the 3D differential color excess from the Sun to the star location. The hydrogen column is assumed to be 5 x 1021 x E(B -V) in cm"2 units. The color code refers to the logarithm of this ratio, in cm-2 mag~'. Stars in the large cavity in the 3rd quadrant hâve a particularly high Call to dust (or équivalent H) ratio. The arrow marks the ionization gradient direction found byWolff et al. (1999).
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 124 Fig. 4. Inversion resuit (differential opacity) in the meridian plane. The Sun is at (0.0). The color scale is identical to the one in Fig. 1. The Galactic centcr is to the right and the north Galactic pôle (NGP) to the top. Superimposed are a polar plot of the 0.25 keV background (dashed black line), and a polar plot of the same émission after subtraction of the heliospheric counterpart (thick black line). The angular dependence of the heliospheric contribution is shown in blue. The jump in the région around I,b -(180°, -40°) is due to the ROSAT measurement geometry(see text). The scaling for the polar plot curves is done in the same manner as in Fig.1. The spiked nature of the polar plot is due to the statistical variation of the X-ray data.

3 .

 3 Figure 5 illustrâtes our first study of relationships between X-ray brightness enhancements areas and voids in the 3D ISM distri bution. It shows a large fraction of the 0.75 keV ROSAT map centered on the GC direction. The 0.75 keV bright régions, in principle, correspond to relatively young (<l-2 Myrs) hot ISM bubbles blown by winds from newly born stars and SNRs, and they should correspond to voids in the 3D ISM distribution.

/A13

  Fig. 5. ROSAT 0.75 keV surface brightness map around the Galactic center. Five selected bright régions (red) are labeled and shown. The central parts of those régions correspond to the five LOS drawn in the four méridional cuts in Fig. 6 and the top-right of Fig. 7, allowing lo correlate visually the bright X-ray sources (hot ISM) and low density régions or tunnels appearing in the 3D maps.

Fig. 6 .Fig. 8 .

 68 Fig. 6. Inversion results: vertical slices in the 3D distribution at / = -30°(case 1), -18°(case 2), -5°(case 3) and -8°(case 4). The first verti cal planar eut (/ = -30e) corresponds to part of lhe Fig. 7 (middle) of Lallement et al. (2014). The Sun is at (0,0) in those half-plancs. The color scale is identical to the one in Fig. 1. Suncentered dashed black circles correspond to dis tances of 100 and 200 pc from the Sun respectively. The directions of the bright areas labeled in Fig. 5 are shown by a dot-dashed black line and an arrow. Dashed black ellipses mark cavities that may correspond to soft X-ray bright ness enhancements of Fig. 5.

Fig. 9 .

 9 Fig.9. Radial distance évolution of the opacity based on the inverted 3D maps, in the four NPS directions observed byWillingale et al. (2003) andMiller et al. (2008) (see text). The opacities are here transformed to /V(H) through the classical relation A/(H) = 5e21 x E{B -V). Also shown are the absorbing columnsWillingale et al. (2003) andMiller et al. (2008) dedueed from the spectral modeling (dot-dashed lines), as well as the LOS integrated HI columns from the LAB survey (dashed lines).

  Fig.10. Integrated IS dust opacity from the Sun to 300 pc (based on the differential extinction 3D maps ofLallement et al. 2014). A 0.75 keV iso-brightness contour is superimposed (black line) as well as two iso-contours drawn from theSchlegel et al. (1998) dust maps (blue and violet lines).With this caveat in mind, it is interesting to compare the dust (or équivalent gas) opacity profiles with theWillingale et al. (2003) andMiller et al. (2008) absorbing columns, as well as with the total HI columns from 21 cm measurements. We see that for the two sight-lines at b -20 and b = 22°(red and black) the absorbing columns deduced from the X-ray spectral analysis are reached at about 180 and 185 pc, and are on the order of the total columns deduced from 21 cm data. This suggests that the inner edges of the X-ray bright cavity is located beyond ~180 pc.At higher latitude the absorbing columns are reached at about 150 and 220 pc respeclively, and there is a significant column of gas beyond the emitting area according to the total HI columns.If we consider in a global manner the four directions, the comparison between the foreground columns and the maps strongly suggest a minimum distance of the order of 150 pc to the nearby boundary of the emitting gas. Using the / = 20°and / = 25°dcgrees slices in Fig. 7 (two of the sightlines are at /, b = (20,30) and (20,40) and contained in the / = +20°slice, the two others are at l,b = (25,20) and (27,22) and contained or close to

  titatively SXRB émission maps and 3D maps of the nearby IS dust. The dust maps hâve been recently computed by inverting -23 000 reddening measurements towards nearby stars and are particularly suited for the identification of nearby low density régions due to the large number of unattenuated target stars thaï form the database. Our first conclusion is that such a comparison between mappcd cavities on onc hand, and diffuse X-ray background on the other hand will allow to go onc step further in the analysis of the hot gas X-ray emissivity in the solar neighborhood. We hâve illustrated the potential use of the maps in two main ways: first, we hâve focused on the Galactic plane and studied the low Z ISM along with the 0.25 keV ROSAT diffuse émission pattern. A correction for heliospheric contamination of the background due to solar wind charge-exchange has been preliminarily made. We hâve shown that in a number of cases the 3D structure is shedding light on the émission sources. The soft X-ray bright régions are definitely associated to cavities, with the émission being the highest arising from the giant cavity found along the 60(70)°-240°axis, the huge super-bubble asso ciated to the radio supcr-shcll GSH238+08+10. A smallcr and narrower cavity at / -70°is rcsponsible for the second enhancement. In some cases the cloud location and the X-ray pattern are particularly well matching, e.g., an exlended cloud located at about 120 pc in the direction of the CMa superbubble is shedding a strong X-ray shadow. Finally, the study shows strong evidence for the existence of hot gas in the Local Cavity close to the Sun, a recently well debated subject. Based on the 3D dust distribution. A13, page 11 of12

Figure 22 . 1 :

 221 Figure22.1: Iritegrated maps of IPHAS(Sale et al., 2014). From top to bottom are 150, 350, 550, 750, 950 pc maps. Red shows higher extinction (Ao), purple shows lower Ao-

Figure 22 . 3 :

 223 Figure 22.3: Integrated maps of IPHAS compared with the 3D ISM map(Lallement et al., 2014). In the IPHAS map, red shows higher extinction (Ao), whereas purple shows lower Ao. Rainbow lines show E(B-V) iso-contours of the 3D ISM map.
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  Figure 22.4: DIB and Aq vs distance profiles.

  e., Perseus. From widely distributed GES fields along the Galactic longitude, the sinusoidal longitude-velocity relation of the Galactic disk is also visible with DIB. And again, DIB strength and extinction are well correlated. In fact, the mean DIB to extinction ratio at large Galactic scale suggests that DIBs are globally more abundant than what previous studies based on early-type nearby stars suggested.

  Stellar model improvement, in particular when the stellar fines lie on DIB or IS fines interval, is needed to improve the measurement. A work in progress by Monreal-Ibero et. al. (in préparation) will help to correct these spécifie fines using line by line correction by changing the metallicity.
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Table 1 .

 1 Target stars and Nal and Call absorption measurements.

	No.	HD No	Type	/(°)	b O	Dist (pc)	Nal,« x 10'°Call,o, xlO10	Nal/Call	Cloud's num. Nal (ivi in km s 1 )	Idem for Call
	1	94194	A2	241.2	56.1	192 ±29	29 ±2	12 ::	2.4	1 (-6.13 + 0.04)	1 (-6.48 ± 0.48)
	2	94266	A2	242.8	55.6	481 ± 263	117 ± 7	67 ±20	1.7	2 (-9.57 ± 0.02 & -1.81 ± 0.06)	(-9.28 ± 0.26 & -0.19 ± 0.21)
	3	94766	A2	246.4	55.0	143 ± 14	14 ±2	10 ±8	1.4	2 (-10.06 ± 0.09 & -0.48 ± 0.05)	2 (-7.83 ± 0.60 & 0.31 ± 0.53)
	4	95382	A5III	246.5	56.3	46 ± 1	<1.2	<6	0.2	0	0
	5	96398	A2	245.6	58.8	826 ± 669	51 ±7	12 ::	4.3	1 (-3.51 ±0.08)	1 (-4.09 ± 0.86)
	6	96399	A2	252.5	55.1	251 ±69	64 ±4	61 ± 16	1.1	2 (-5.83 ± 0.02 & 2.49 ± 0.06)	2 (-5.56 ± 0.29 & 3.06 ± 0.23)
	7	97230	A3	254.5	55.7	204 ±39	146 ± 3	78 ±21	1.9	2 (-1.84 ± 0.06 & 11.5 ± 0.01)	(-2.30 ± 0.49 & 11.52 ±0.20)
	8	98377	A2	247.1	62.1	239 ± 59	58 ± 1	43 ± 8	1.3	1 (-3.00 ±0.01)	1 (-3.61 ±0.08)
	9	98437	A3	247.0	62.4	318 ± 148	36 ± 2	30 ±9	1.2	1 (-3.31 ±0.02)	1 (-3.16 ±0.18)
	10	98747	A2	249.0	62.2	73 ±3	<1	0.2 ::	5 ::	0	0
	11	100518	A2m	250.8	65.7	103 ± 7	<10	1.2::	8.3	0	0
	12	100974	A2	259.4	62.7	170 ± 19	260" r )	30 ± 14	8.7	1 (-5.04 ± 0.02)	1 (-5.30 ± 0.20)
	13	101470	A2	257.4	65.1	102 ±7	<1	6.2 ::	0.2	0	0
	14	102660	A3m	246.8	71.9	63 ± 1	1"	<12	0.1	0	0
	15	103152	A2	250.6	72.0	93 ±4	<17	2.3 ::	7.3	0	0
	16	103877	Am	248.1	74.3	91 ±4	<5	6.6 ::	0.75	0	0
	17	106661	A3V	267.2	75.3	61 ± 1	<2	<3	0.7	0	1
	18	107612	A2p	268.2	77.6	103 ±9	93 ±8	9	10 :	2 (-8.33 ± 0.03 &-1.97 ±0.04)	(-8.72 ±0.61 &-3.53 ± 1.63)
	19	108714	A0	274.3	78.9	184 ±20	41 ± 3	15 ::	2.7	2 (-7.92 ± 0.05 & -3.14 ± 0.06)	(-7.41 ± 1.35 &-2.19 ± 1.74)
	20	110932	A0	296.4	77.2	230 ± 34	3 ±2	2.8 ::	1.1	1 (-8.18 ±0.25)	1 (-7.30 ±0.50)
	21	111164	A3V	299.0	74.8	83 ±3	<2	0.5 ::	4.0	0	0
	22	111893	A7V	304.2	79.0	111 ±5	<2 ::	6.1 ::	0.3	*	*
	23	112002	A2	304.6	75.3	177 ± 27	4 ± 1	1 :	4.0	1 (-6.81 ±0.30)	0
	24	112097	A7III	305.2	75.3	61 ±3	<5 ::	5.7:;	0.9	*	*
	25	112197	A2V	310.6	84.4	361 ± 164	41 ±3	12-	3.4	1 (-6.14 ±0.04)	1 (-6.86 ± 0.50)
	26	113124	A1V	312.9	75.8	306 ± 72	12 ± 1	22 ± 11	0.5	2 (-15.08 ± 0.52 & -7.36 ± 0.08)	2 (-15.78 ± 0.26 & -8.18 ±0.38)
	27	113365	A0	333.8	84.8	172 ± 15	27 ±2	8 ±6	3.4	1 (-7.55 ± 0.03)	1 (-8.18 ±0.38)
	28	115403	A2	342.7	80.7	98 ±6	6 ± 2	6 ± 5	1.0	1 (-9.83 ± 0.07)	1 (-9.82 ± 0.47)
	29	116379	A2	344.0	78.5	127 ± 12	59 ±4	16::	3.6	1 (-9.88 ± 0.03)	1 (-9.57 ±0.36)
	30	116960	A0V	333.4	72.6	266 ±53	39 ± 1	32 ± 6 ::	1.2	1 (-10.40 ±0.02)	2 (-25.71 ±0.11 &-9.88 ± 0.09)

Notes. Equivalent widths (EW) are roughly proportional to lhe column dcnsities: Nalt0, = 5.2 x 109 EW(NaI/D2) except for HD 100974, CaIIlot = 1.150 x 1010 EW(CaII/K).(t) Ambiguous: maybe stellar.Uncertain.Saturated: EW(NaI-D2) = 227 ± 7 mÂ. and Call may originate from different locations in the absorbing clouds.
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 1 

as are the coordinates and Hipparcos distances of the tar-

Table 1 )

 1 into LSR velocities. The LSR velocities are shown in

  here of the same database to test it and extract a sériés of measurable DIBs, namely the AA 4726.83, 4762.61,4963.88, 5780.38, 

	5797.06,	5849.81,	6089.85,	6195.98,	6203.05-6204.49,
	6269.85,	6283.84,	6379.32,	6445.28,	6613.62,	6660.71,

and 6699.32 DIBs. The central wavelengths here are the values listed in the recenl catalog of

Hobbs et al. (2008)

. An exception is the 6204 A complex, which has been shown to be made of two distinct absorptions centered on 6203.05 and 6204.49 Â and corresponding to two distinct carriers (sec e.g. Porceddu

Table 1 .

 1 List of the selected DIBs, their parameters, and relevant

	studies.				
	A*	FWHM	EW	AEW	Ref.
	(Â)	(Â)	(mÂ)	rms err.	
	4726.83	2.74	283.8	4.2	4,13
	4762.61	1.00	50.8	1.6	4,7,13
	4963.88	0.62	53.4	1.0	4,7,13
	5780.38	2.11	257.0	3.0	

Table 2

 2 

, and the linear fits are displayed in Figs. 6. We provide the first corrélation parameters and coefficients for six DIBs, namely the 5849.81,6089.85,6269.85,6445.28,6660.71, and 6699.32 A band. It is interesting to note that the new corré lations coefficients are in the same range as for the other DIBs in lhe optical, with Pearson coefficients between 0.89 and 0.95, which confîrms a significant positive corrélation between color excess and EW of those DIBs. Since the Pearson coefficient docs

Table A .

 A l. Target stars and DIB measurements (EW in mÂ).

	A 2 5 , p a g e 1 4 o f 1 8	Star (HD)	m	b(°)	s. type	plx (mas)	E( B -V)	EW 4726.83	EW4762.61	EW 4963.88	EW 5780.38	EW 5797.06	EW 5849.81	EW 6089.85
			319.5	-65.6	B5V	3.15 ±0.72	-0.0009							
			78.9	-77.1	B4V	3.24 ± 1.03	0.0061		4.20 ± 2.34		-6.69 ± 6.39			
		1348	303.2	-28.7	B9.5IV	1.73 ± 0.60	0.1042		12.15 ±5.47	2.53 ± 2.17	83.17 ±20.93	16.00 ± 15.18		
		1685	306.9	-47.3	B9V	10.65 ±0.51	-0.0009	-2.52 ± 1.80					4.78 ± 1.69	
			296.8	-50.2	B9V	2.00 ± 0.65	0.0105		5.73 ± 5.10					
		10 161	204.4	-79.2	B9V	5.64 ± 0.84	0.0026						4.98 ± 2.77	
		16891	285.4	-49.0	B8V	6.68 ± 0.53	-0.0168		3.37 ± 2.27		-5.99 ± 5.56			
		18 546	243.7	-61.4	AOVn	9.01 ± 0.64	-0.0027				-7.89 ± 7.57			
			263.1	-52.5	AOV	7.49 ± 0.61	0.0238				-10.39 ±6.25		6.14 ±2.39	
			196.0	-42.3	B9	2.31 ± 0.83	0.0220		7.34 ± 3.99				4.98 ± 3.33	
		528	211.7	-40.7	B9V	5.78 ± 0.87	0.0114		7.76 ± 3.85				3.86 ± 2.90	
		506	218.8	-38.2	B6V	2.44 ± 0.74	0.0070		5.98 ± 2.50					
		043	205.6	-27.6	B9	2.23 ± 1.02	0.0556		8.53 ± 7.84		15.88 ±6.22		5.42 ± 1.54	
		244	286.3	-33.4	B9.5V	3.57 ± 0.96	0.0485	9.12 ±5.40	13.60 ±3.67	2.91 ± 1.26	33.28 ± 16.25	24.90 ± 11.56	8.80 ± 1.93	
		021	223.2	-28.9	B8V	3.38 ± 0.89	0.0052		4.27 ± 2.87		-5.69 ±4.31		4.31 ± 1.96	
		580 935 294 525 834 533 737 098 557	264.2 233.8 246.2 276.5 238.1 221.1 291.1 275.8 252.7 284.5 252.6 244.8 269.5	-34.5 -28.9 -30.5 -32.1 -26.4 -18.7 -29.4 -29.2 -25.8 -28.5 -23.8 -21.1 -26.6	B8/B9V AOIV B8V B9.5V A1V B8IV B9.5V AOV AOV B8V B7V B5V AOV	4.35 ±0.51 3.50 ± 0.60 6.65 ± 0.57 3.81 ±0.47 5.46 ± 0.66 5.43 ± 0.90 12.06 ± 0.46 9.82 ± 0.46 4.92 ± 0.50 4.39 ± 0.48 1.57 ±0.58 2.48 ± 0.59 11.37 ±0.45	0.0061 0.0167 0.0220 0.0008 0.0529 0.0229 -0.0062 -0.0124 0.0079 0.0627 0.0079 0.0370 -0.0133	4.30 ± 4.29	5.07 ± 5.03 6.73 ± 4.43 4.35 ± 2.51		-8.67 ±6.61 -9.03 ± 6.57 -8.43 ± 5.42 -9.85 ± 6.83 -7.61 ± 6.78 -9.24 ± 6.50 19.96 ± 13.31 17.16 ±9.82 -8.72 ± 8.01	14.71 ±11.77	2.56 ± 1.41 3.58 ± 1.35 6.86 ±4.14 5.11 ± 1.92 3.59 ± 1.78 8.41 ± 2.19 5.33 ± 1.66	1.46 ± 1.25	L . P u s p i t a r i n i e t a l . : A u t o m a t e d D I B m e a s u r e m e n t s
		976	279.2	-27.1	B9V	3.85 ± 0.62	0.0141		3.98 ± 3.45		11.07 ±9.77		5.55 ± 1.24	
			252.3	-20.2	B3V	1.88 ±0.58	0.0441		6.37 ± 2.75				2.93 ± 2.69	
		261	239.8	-15.5	B9V	5.34 ± 0.64	-0.0071		5.63 ± 3.03				3.73 ± 2.68	1.49 ± 1.38
		336	247.1	-17.2	B3Vne	2.25 ± 0.55	0.0485							
		573	224.1	-6.5	B8II/III	2.01 ± 0.79	0.0582		8.83 ± 1.37	-1.48 ± 1.34	49.96 ± 13.27		3.30 ± 1.56	
			236.1	-11.6	B2III/IV	2.71 ±0.62	0.0052	4.87 ± 3.50						
		266	219.1	-0.7	09V	2.06 ± 0.91	0.2941	13.96 ±3.77	19.14 ±4.15	6.17 ±2.30	154.88 ±29.23	56.26 ± 17.86	16.31 ±2.88	4.88 ± 2.15
		102	296.8	-26.5	B9/B9.5V	4.84 ± 0.57	0.0830	4.28 ±4.19	2.35 ± 2.29		27.32 ± 9.20	23.33 ± 13.37	10.42 ±2.40	2.81 ± 1.05
			230.4	2.5	B2II	2.16 ±0.80	0.1793	15.46 ± 4.58			84.89 ± 20.25	25.34 ± 19.02	10.63 ± 6.27	
			257.1	-11.4	AOV	5.62 ±0.51	0.0123				-6.76 ±5.36		6.18 ±2.94	
			234.9	1.6	B6V	3.65 ± 0.74	0.0706	3.01 ± 2.48			34.39 ± 6.73	14.62 ± 8.78	4.70 ± 1.99	2.02 ± 1.51
		672	242.1	-2.4	B6V	3.98 ± 0.69	0.0176		6.27 ±3.31					
		831	252.1	-7.9	B3V	5.68 ± 0.46	-0.0089				-8.75 ± 6.88			
		503	253.2	-7.8	B9V	4.87 ±0.61	0.0052						-2.63 ± 2.45	
		868	255.2											

-7.4 B5V 2.84 ±0.51 0.0309 7.08 ± 5.60 -4.15 ± 2.42 253 257.8 -3.4 B4V 3.40 ± 0.54 0.0097 -3.78 ± 1.85 260.7 -3.5 B5V 2.23 ±0.61 0.0503 4.98 ± 1.74 3.88 ± 3.27 11.84 ± 10.69 4.93 ± 2.56

Table A .

 A l. continued.

	A 2 5 , p a g e 1 6 o f 1 8	Star (HD) 787 Table A.l. continued. /(°) 237.8 257.9	b (°) 13.4 1.0	s. type B2V B2/B3V	plx (mas) 3.04 ± 0.75 2.39 + 0.56	E(B -V) 0.0132 0.0088	EW 4726.83	EW4762.61	EW 4963.88 -3.01 ± 1.98	EW 5780.38	EW 5797.06	EW 5849.81 -3.22 ± 2.25	EW 6089.85
			009	264.0	-0.8	B8IV/V	2.88 ± 0.59	0.0264						5.77 ± 2.77
			112	256.5	5.4	B3V	3.64 ± 0.59	0.0211		5.12 ±3.54		15.04 ± 12.82		
		752 Star (HD)	245.0 m	22.8 b{°)	AOV s. type	9.38 ± 1.10 plx (mas)	0.0088 E(B -V)	EW 4726.83	£W4762.61	2.64 ± 1.61 EW 4963.88	-8.67 ± 8.60 EW 5780.38	EW 5797.06	5.39 ± 2.85 EW 5849.81	EW 6089.85
		146	590	260.7 320.2	10.9 -13.0	B8V B8/B9V	4.79 ± 0.59 5.17 ±0.79	0.0141 0.0450		7.18 ±4.98 5.92 ± 4.07		23.23 ± 4.79		
		147	153	274.2 353.7	1.0 17.7	B3/B4III A	2.28 ± 0.78 7.76 ± 0.96	0.2075 0.4947	15.14 ± 11.62 38.76 ±20.18	6.50 ±5.21 20.15 ±8.76	5.95 ± 2.08 20.95 ± 7.59	67.56 ±20.13 169.03 ±40.42	34.97 ±9.10 52.63 ± 6.66	12.75 ± 2.42 38.01 ±5.16	4.65 ± 1.77 5.14 ±2.82
			552	274.1 342.5	3.6 4.7	B6/B7V B9V	2.79 ± 0.57 5.42 ± 0.94	0.0309 0.1899	8.04 ± 3.34	7.05 ± 3.47 9.04 ± 7.22	2.83 ± 2.27	89.85 ± 22.89	31.36 ±9.07	3.29 ± 1.82 11.26 ±2.24	3.39 ± 2.57
		150	604	273.7 328.1	5.9 -9.7	B8/B9V B3V	3.70 ±0.61 3.75 ± 0.88	0.0238 0.0856		8.98 ±6.19		44.43 ± 17.72	14.76 ± 10.34	5.47 ± 1.84
		151		259.8 3.2	24.1 17.4	B5V B5V	5.19 ±0.77 3.73 ± 0.92	0.0786 0.4372	8.52 ±4.39 20.56 ± 3.64	10.14 ±3.93 23.63 ± 7.94	8.98 ±4.31	195.65 ±40.89	67.84 ± 14.69	2.10 ±2.03 27.12 ±3.60	4.97 ± 3.53
		157	331	262.2 329.0	39.3 -15.2	B9.5V B7/B8V	6.60 ± 0.84 4.17 ±0.67	0.0167 0.0441				18.31 ± 10.48		6.68 ± 1.19 4.36 ± 2.17
			845	297.7 22.5	-19.0 8.3	B2.51V B9V	8.97 ± 0.45 5.62 ±0.81	-0.0062 0.2600		8.96 ± 7.75		87.68 ± 14.41	30.09 ±6.31	15.47 ± 2.55	4.06 ± 2.45
		164	178	263.2 351.8	43.7 -9.2	AO B5Vn...	4.41 ±0.97 3.17 ± 0.94	0.0088 0.0574				16.71 ± 14.76	7.18 ± 6.15	3.53 ± 1.99 5.13 ± 3.05
		165	161	283.2 6.1	21.2 -1.5	A1V 08	13.96 ±0.78 2.27 ± 1.13	0.0045 0.4249	13.04 ±2.89	17.09 ±4.55	7.88 ± 3.80	-10.38 ±4.82 160.46 ±82.25	54.68 ± 14.79	7.36 ± 2.63 29.02 ± 4.33	5.60 ± 1.65
		165	867	284.6 2.8	20.6 -3.7	B9.5V B7/B8III	3.96 ± 0.87 2.39 ± 0.89	0.0362 0.0900				52.67 ± 13.82		5.57 ± 1.47 2.91 ± 1.64
		100 889 167	274.2 319.3	48.9 -24.4	B9.5Vn AOV	10.70 ±0.79 16.59 ±0.57	-0.0080 0.0035		7.57 ± 3.44		-7.51 ±6.48		4.84 ± 2.83 2.41 ± 1.90
		103 077 171	293.1 324.7	12.3 -24.7	B5V B9V	2.93 ± 0.76 5.11 ±0.70	0.0441 0.0326		8.81 ±6.50		18.53 ±8.12 15.63 ± 13.69		6.63 ± 3.02
		078 106461 931 108 107 267 344 309 226 663 172 176 177 181 182 186 188 195 195	292.6 294.9 302.7 298.2 292.8 298.3 302.3 295.7 304.1 304.9 308.3 308.9 310.0 19.0 0.8 24.0 313.3 24.6 30.3 0.1 342.9 321.0 335.9 355.6 330.6 13.1	26.3 16.6 -25.6 15.2 50.7 17.9 -21.0 53.2 -10.8 -7.7 14.0 14.9 15.6 -3.4 -12.5 -1.6 -26.9 -7.3 -5.5 -20.0 -26.2 -28.7 -30.6 -29.7 -35.5 -34.4	B7V B9V B9V B9V A1V A3V B8V AOV B9V B4III B6IV B9V B9V B8II/II1 B9.5V B0.5V AOV B2V B9Vn B5V AOVn B8/B9Vn B5V B8/B9V B8/B9V B8V	4.48 ± 0.78 4.04 ± 0.78 5.16 ±0.54 6.32 ± 0.80 15.49 ±0.75 3.94 ± 0.95 4.52 ± 0.57 12.47 ±0.81 2.62 ± 0.72 3.45 ± 0.69 1.82 ±0.71 0.98 ± 1.17 7.09 ± 0.88 4.70 ± 0.94 4.43 ± 0.97 3.61 ± 1.16 3.94 ± 0.64 3.50 ±0.81 26.05 ±0.81 3.41 ±0.91 20.98 ± 0.68 3.72 ± 0.75 3.63 ± 0.75 2.02 ± 0.93 5.45 ± 0.77 5.50 ± 0.84	0.0326 0.0556 -0.0045 0.0291 -0.0137 0.0219 0.1307 -0.0045 0.0927 0.1846 0.0697 0.0503 -0.0054 0.3268 0.0574 0.8348 0.0998 0.4372 0.0019 0.2614 -0.0160 0.0353 0.0052 0.0070 0.0088 0.0035	-3.21 ± 3.09 5.28 ± 4.28 17.68 ± 8.94 62.46 ± 9.30 34.74 ± 8.03 10.39 ±4.09	5.66 ± 5.32 11.81 ± 6.63 3.79 ± 2.74 9.41 ±4.86 9.01 ±4.01 3.73 ±2.71 13.53 ±4.86 6.54 ± 4.99 31.92 ±23.22 18.66 ±6.20 10.07 ±3.16	1.57 ± 1.42 2.16 ± 1.84 -2.60 ± 1.72 10.21 ±2.88 29.70 ± 5.75 17.13 ±4.86 7.81 ±4.60	29.27 ±9.15 -8.76 ± 8.32 11.41 ± 7.02 60.92 ± 11.26 58.02 ± 16.80 92.55 ± 19.75 21.20 ± 10.55 34.23 ± 17.40 151.85 ±28.09 23.87 ± 7.89 229.17 ±53.93 59.87 ± 17.14 164.59 ±34.78 -8.21 ± 5.97 44.14 ±20.08 -6.42 ± 6.40	18.88 ± 10.15 22.09 ± 9.87 10.26 ± 9.27 56.97 ±12.14 143.24 ± 12.13 94.83 ± 11.00 32.41 ±9.17	5.43 ± 4.39 4.01 ±2.79 4.23 ± 2.52 4.56 ± 1.37 4.66 ±4.13 7.74 ± 2.78 4.78 ± 3.43 6.46 ± 3.87 8.93 ± 2.85 3.41 ±2.37 5.42 ±3.51 26.62 ± 3.44 3.12 ± 1.76 73.55 ± 3.67 5.66 ± 1.96 53.37 ± 2.56 17.63 ± 1.92 2.33 ± 1.98 4.69 ± 1.75 3.44 ± 1.93 3.94 ± 2.30 5.08 ± 2.07	1.94 ± 1.45 2.12 ± 1.71 6.10 ±3.00 12.25 ± 3.90 3.32 ± 2.44 8.65 ± 1.82 2.60 ± 1.61	A & A 5 5 5 , A 2 5 ( 2 0 1 3 ) L . P u s p i t a r i n i e t a l . : A u t o m a t e d D I B m e a s u r e m e n t s
				309.6 28.5	3.0 -31.0	B8V B9V	4.76 ± 0.81 3.15 ± 1.01	0.0856 0.0370		7.80 ±3.44		41.76 ± 13.24 12.83 ± 8.24	11.39 ±7.48	5.81 ±2.56 3.40 ± 3.26
		197		315.9 2.9	22.2 -38.3	B3Vnne B8/B9V	2.20 ± 0.85 10.19 ±0.84	0.1051 0.0035	7.11 ±6.46		-1.32 ± 1.28	16.65 ± 10.64	6.01 ± 5.43	2.46 ± 1.93
		201	834	309.0 31.2	-12.2 -37.8	B3I1I/IV B9.5V	3.35 ± 0.62 7.54 ± 0.90	0.1528 -0.0027	5.99 ± 4.92	7.05 ± 5.25 3.85 ± 2.99		62.82 ± 14.78	17.05 ± 13.17	10.91 ± 2.76 4.57 ± 1.56	2.71 ± 1.63
		201		333.1 357.7	41.3 -42.9	A1V B8V	4.99 ± 0.90 3.12 ±0.96	0.0688 0.0167		6.76 ± 5.52				3.87 ± 2.70 4.31 ± 1.81
			058	315.0 329.4	-6.1 -39.7	B3Vn B8V	2.66 ± 0.62 5.91 ± 0.66	0.1104 -0.0107	3.93 ± 3.23	10.25 ±4.35	2.43 ± 2.08	70.98 ±11.89		6.70 ± 1.71 3.54 ± 1.40
		205		322.3 322.6	6.4 -39.3	B5V B8V	2.73 ± 0.86 5.01 ± 0.63	0.1077 0.0035		7.34 ± 4.90		37.81 ± 10.98	9.41 ± 5.95	5.35 ±2.78
		205	529	337.3 32.3	28.0 -45.0	B7Vn... B8V	5.78 ± 1.01 4.96 ± 0.97	0.1219 0.0079	7.69 ±2.17	7.12 ±3.33	3.65 ± 2.26 3.30 ± 2.49	43.00 ±21.83	22.62 ± 10.84	10.44 ± 2.09 7.35 ± 2.88
		207	961	311.6 338.1	-16.3 -46.5	B9V B9V	3.17 ±0.63 4.76 ±0.71	0.0609 -0.0054		7.01 ±3.61		33.26 ± 7.48		5.02 ± 2.39
		207		353.4 21.0	31.8 -50.2	B9.5V B8/B9V	6.23 ± 0.86 4.92 ± 0.93	0.1192 0.0123	3.08 ±2.58	8.42 ± 2.84		58.86 ± 13.70		8.60 ± 2.34 4.76 ±3.61
		140037 209	340.1 19.4	18.0 -53.2	B5I1I B8V	3.70 ± 0.96 4.01 ± 0.90	0.0750 0.0105		4.67 ±4.18		21.53 ± 14.87		4.08 ± 2.77
		218		330.2 65.5	4.6 -58.5	B9III AO	2.30 ± 0.82 5.96 ± 0.98	0.1042 0.0309		6.44 ±4.31		51.71 ± 16.68	13.71 ±6.43	4.30 ± 2.34 6.09 ±2.10
		225	327	340.9 17.9	16.6 -79.4	B9V B8/B9V	5.00 ± 0.87 4.10 ± 1.06	0.0609 -0.0027		3.78 ± 3.69		13.84 ± 12.84	10.58 ± 10.04	4.46 ± 3.06 4.77 ± 1.96
				349.0	23.3	B9V	6.52 ± 1.03	0.1280	3.49 ± 1.70	6.15 ±3.45		47.59 ± 12.73		6.90 ± 1.96
	A 2 5 , p a g e 1 5 o f 1 8		321 326 254	330.6 313.0 352.8 359.1	1.2 -18.5 20.2 25.0	B5V B8V B9V A0III	4.51 ± 0.90 3.64 ± 0.70 4.20 ± 0.87 5.31 ± 0.77	0.1740 0.0547 0.1316 0.1386	4.08 ± 2.67	4.54 ± 3.74 4.41 ±2.12 12.74 ±3.48	3.48 ± 2.45	74.36 ± 8.72 19.57 ± 13.63 83.82 ± 8.68 64.46 ± 23.44	15.97 ±8.11 9.01 ±7.18 16.45 ± 15.03	6.56 ± 2.83 5.57 ± 3.60 7.04 ± 1.82 8.16 ±2.00

Table A .

 A l. continuée!.

		Star (HD)	EW 6195.98	EW 6204	EW 6269.85	EW 6283.84	EW 6379.32	EW 6445.28	EW 6613.62	EW 6660.71	EW 6699.32
					-4.03 ± 3.86					
					-3.69 ± 3.42			4.02 ± 2.36		
		1348	9.00 ±2.13		11.03 ±3.09	313.68 ± 105.74	9.44 ± 1.89	5.47 ± 3.40	26.54 ± 4.03	5.22 ± 4.56	3.49 ±2.31
		1685							3.75 ± 3.09	
								4.52 ± 3.03		3.54 ± 2.74
		10161								
		16891			-3.60 ± 3.55			1.90 ± 1.61		2.95 ±2.11
		18 546									1.58 ± 1.28
			2.61 ±2.13						4.22 ±3.81	
		528					-3.66 ± 3.29			2.93 ± 2.28
		043			-2.48 ± 2.00			2.91 ± 2.01	11.39 ± 7.04	
		244	3.60 ± 1.39	9.77 ±5.11			5.25 ± 2.87		14.19 ±2.93	
		021			-5.01 ± 2.97					
		580	-3.36 ± 2.53					2.88 ± 1.72			3.07 ± 2.35
		965	2.44 ± 1.24					2.31 ±2.00	4.05 ± 3.06	
		935	-1.63 ± 1.30							1.73 ± 1.49	2.97 ± 1.99
		294 355 525 834 533	-2.33 ± 1.47 3.40 ± 2.07		-3.31 ±2.35			3.20 ± 2.27 2.56 ± 1.39	11.61 ±2.99	3.06 ± 2.43 2.69 ± 2.34	4.00 ± 1.21	A & A 5 5 5 , A 2 5 ( 2 0 1 3 )
			2.13 ± 1.65								6.37 ± 3.11
		098	2.59 ± 1.61		-5.09 ± 4.54			2.84 ± 1.92			5.21 ± 1.56
		557	1.82 ± 1.61					2.48 ± 2.28		2.30 ± 2.06
		976						3.89 ± 1.88	6.74 ± 4.33	
		150	1.40 ± 1.37					3.49 ± 2.59		
		261			-4.38 ± 3.24			2.50 ± 1.82		
							-4.13 ±2.62	2.13 ± 1.93			3.24 ±2.01
		573	6.74 ± 1.88	11.67 ± 6.86		166.96 ±71.67	4.05 ± 2.08	3.45 ± 1.28	11.62 ±4.51		4.00 ± 3.66
								3.57 ± 3.27		
		266	18.90 ± 1.83	34.16 ±29.69	19.26 ±2.62	454.23 ± 64.70	23.46 ± 2.79	9.44 ± 3.69	60.98 ± 4.23	8.85 ± 4.33	5.43 ±3.21
		102	4.82 ± 1.61				17.06 ± 3.67		18.72 ± 2.48	3.55 ± 2.46	4.65 ± 1.63
			9.35 ±4.19	18.80 ± 11.95		198.93 ± 99.62	16.48 ± 14.40		29.67 ± 8.77		7.56 ±3.21
		554	5.72 ± 1.35	10.75 ± 6.59	4.11 ±2.62	101.52 ± 65.26	-3.57 ±2.13	4.39 ± 3.42	14.80 ±4.11	3.98 ± 2.71
		672					-3.69 ± 2.93	4.85 ±2.12		
		831						4.06 ± 3.52		
		503									3.32 ±3.10
		868	3.03 ± 1.40			56.27 ± 55.80					3.71 ±3.47
	A 2 5 , p a g e 1 7 o f 1 8	518 787			-7.89 ± 6.65		3.17 ±3.12	2.89 ± 1.30		

Table A .

 A l. continuée!.

	A 2 5 , p a g e 1 8 o f 1 8	Star (HD) 75 009 75 112 79 752 Application to GOSSS spectra : EW 6195.98 EW 6204 EW 6269.85 EW 6283.84 4.44 ± 2.90 2.67 ± 2.53 Carina Nebula EW 6379.32 6445.28 3.65 ± 1.63 Table A.l. continuée!. 8.4 Targets	E1V 6613.62 3.23 ± 3.22 9.21 ± 7.13	6660.71	6699.32
		80 590			4.71 ±2.96		2.49 ± 1.70	3.31 ± 1.75			
		83 153	9.84 ± 2.46	16.74 ± 13.96		246.74 ± 49.63	19.40 ± 4.55	3.95 ±3.65	39.65 ±4.71	8.70 ± 6.33	8.92 ±2.21
		84 552 85 604 Star (HD) This section describes the application of the automated DIB fitting to Galactic O-Star 1.95 ± 1.61 EW 6195.98 EW 6204 EW 6269.85 EW 6283.84 EW 6379.32 EW 6445.28 -2.82 ± 2.54 3.17 ± 1.73 11.21 ±3.16 16.27 ± 6.76 15.74 ±4.97 160.73 ± 57.02 23.25 ± 6.54 10.63 ± 2.63	EW 6613.62 48.14 ±2.83	EW 6660.71 7.21 ± 2.62	EW 6699.32 6.90 ± 3.88
		86612 150 Spectroscopic Survey (GOSSS) spectra, R ~2500 (Maiz Apellâniz et al., 2011, Sota et al., 5.55 ± 2.33 9.73 ± 7.43 118.71 ±40.99	11.38 ±2.80		4.55 ± 3.78
		93 331 93 845 157 2011). The selected target stars are in the Carina Nebula direction (R,AJ2000,DECJ2000)( 2.46 ± 1.55 2.07 ± 1.92 -11.26 ± 8.15 7.52 ± 4.66 3.16 ±2.75 1.09 ±0.88 3.42 ± 2.23 22.28 ± 4.34 42.76 ± 15.65 24.57 ±4.12 492.60 ± 79.91 29.24 ± 3.53 15.22 ±5.28 81.12 ±3.62 8.53 ± 3.42 8.29 ± 1.77 92.00 ± 47.83 4.51 ± 3.18 9.43 ± 2.84 5.44 ± 1.51
		95 178 10:44:00,-59:48:23), and are part of the Maîz Apellâniz (private cominimication) project. 1.86 ± 1.72 3.54 ± 2.42 14.12 ± 1.98 18.03 ± 7.80 18.76 ± 6.62 186.86 ± 104.90 26.08 ± 3.88 9.40 ±4.16	49.52 ± 9.29	8.48 ± 4.63	8.32 ± 2.72
		98 161 164	4.66 ±2.51				7.01 ± 2.64		2.97 ± 2.55 12.90 ±6.32		
		98 867 165	3.39 ± 0.90 17.58 ± 3.97	39.16 ± 17.13	2.84 ± 2.36 24.56 ± 5.13	114.94 ± 46.84 528.99 ± 57.47	35.98 ± 2.32		6.22 ± 4.86 64.46 ± 8.61		1.91 ± 1.81 10.58 ±5.51
		165	889	2.12 ± 1.82 8.49 ± 1.94	13.52 ± 12.91	5.06 ± 2.74	196.70 ±105.19	6.06 ±4.14		13.62 ± 5.77		
		167					82.06 ± 81.76		2.10 ±2.05	7.71 ±5.59		3.01 ± 1.59
		171	078	2.11 ± 1.74 2.63 ± 1.35		6.83 ± 6.38	68.96 ± 67.28			8.91 ±6.11		3.00 ±2.81
		171		4.45 ± 1.63 21.57 ± 2.51	13.41 ± 10.98	39.99 ± 5.01	130.31 ±79.69 411.73 ± 118.41	40.49 ± 4.04	14.02 ± 3.90	11.49 ±5.46 89.52 ± 4.44	15.00 ±3.66	10.83 ± 1.51
		172 186 188 195 195 172 176 177 179 181	931 107 344 309 709 887 663 484	2.68 ± 1.75 7.40 ± 2.94 7.33 ± 2.86 11.70 ± 1.93 4.33 ± 1.84 3.79 ± 2.86 6.09 ± 2.37 4.25 ± 2.80 37.96 ± 3.20 2.44 ± 1.68 2.26 ± 1.25 2.71 ± 1.75 4.10 ± 2.12 9.02 ± 2.33 25.07 ± 3.36 9.09 ± 1.59 2.65 ± 1.72	16.25 ± 7.79 16.72 ±8.94 22.88 ±7.71 12.20 ±9.10 72.93 ± 24.02 44.93 ± 17.77 21.09 ±7.41	7.93 ± 2.27 6.61 ±4.78 2.58 ±2.16 53.42 ± 4.46 3.54 ± 3.50 -2.74 ± 2.24 8.04 ±5.10 13.48 ± 6.92 43.95 ± 12.64 5.91 ±4.97	125.35 ± 112.85 221.47 ±69.77 358.02 ± 77.98 92.99 ± 55.75 141.71 ±92.32 105.68 ± 71.08 528.94 ± 55.55 150.50 ± 85.38 439.72 ± 90.98 120.25 ±42.81 46.13 ±44.85	-1.59 ± 1.24 12.30 ± 3.84 8.88 ± 5.60 9.79 ± 5.14 11.44 ± 7.96 2.59 ± 1.15 73.78 ± 3.53 8.21 ± 3.59 59.40 ± 2.65 15.06 ±3.16	1.57 ±0.81 6.77 ± 3.64 2.85 ± 2.22 2.31 ±2.15 5.76 ± 3.27 2.05 ± 2.05 22.36 ± 1.85 2.52 ± 1.65 2.81 ± 2.09 3.36 ± 3.27 7.96 ±3.21 13.97 ±2.17	4.74 ± 4.55 36.94 ± 4.37 17.39 ±5.39 26.78 ± 10.08 4.50 ± 3.35 11.10 ± 8.02 16.84 ±8.11 7.47 ± 5.80 11.15 ±5.61 148.51 ± 15.08 4.67 ± 3.43 -4.78 ± 2.72 9.32 ± 5.03 31.18 ±2.92 104.30 ± 10.53 32.71 ±6.37 7.33 ± 2.98	5.35 ± 2.30 3.37 ± 3.05 3.59 ± 2.07 23.03 ± 6.64 5.57 ± 4.40 15.65 ± 11.71	4.83 ± 2.85 5.72 ± 2.62 2.44 ± 2.06 5.01 ± 2.22 23.98 ±4.18 4.50 ±2.23 3.97 ± 2.24 5.32 ± 3.93 16.42 ± 6.06 6.07 ± 2.24 3.60 ±2.15	L . P u s p i t a r i n i e t a l . : A u t o m a t e d D I B m e a s u r e m e n t s A & A 5 5 5 , A 2 5 ( 2 0 1 3 )
		197	834	8.64 ± 3.99 2.23 ± 1.25	16.08 ± 10.39	10.68 ±3.10	230.78 ± 122.24		3.16 ± 1.67	22.18 ±9.27		
		201		3.06 ± 2.24				-1.77 ± 1.26		5.83 ± 3.96		
		201		10.61 ± 1.84	17.09 ± 11.45	6.88 ±2.17	268.95 ± 139.64	-3.14 ±3.02	4.67 ± 2.62 2.99 ± 2.82	25.38 ± 7.62	3.92 ± 3.57	2.16 ±1.46 3.52 ± 1.58
		202	101	5.21 ± 3.19 2.30 ± 1.82	11.40 ± 9.06	5.31 ±3.21	155.56 ±68.91	6.32 ± 3.59	3.12 ± 1.88 3.43 ± 1.78	15.85 ±7.30		3.12 ±2.56
		205	529	6.34 ± 2.84	11.47 ± 5.56	4.96 ±2.81	145.83 ±47.19	4.12 ±2.47	3.21 ±2.07	21.51 ±5.60 6.51 ±4.97		
		205		6.73 ± 2.01			118.84 ±75.32		2.71 ± 2.44	15.51 ±4.95 4.60 ± 3.85		4.12 ±2.62
		207		8.17 ± 1.58	16.22 ± 13.18	7.03 ± 3.23	196.32 ± 113.05	4.42 ± 1.65	3.27 ± 1.24 2.97 ± 2.91	20.05 ± 6.07		
		207		5.11 ± 1.80			107.50 ±65.95			11.67 ± 4.76		
		209		8.03 ± 1.95	17.98 ±9.17		209.41 ±80.70		3.10 ±2.96 3.23 ± 2.82	17.08 ±6.98		
			327	2.83 ±2.10 3.51 ± 1.88			64.49 ± 44.27	3.60 ± 3.29 -2.95 ± 2.45		10.20 ±4.73 -3.32 ± 1.73		
		225		6.25 ± 1.88	14.15 ± 10.14	3.73 ±3.58	197.17 ±75.36	5.15 ±2.89	2.60 ± 2.06	16.63 ± 5.24		
			321	10.23 ± 1.74	15.82 ± 12.57	9.84 ± 2.52	238.07 ± 74.54	11.21 ± 1.97	6.21 ± 2.99	36.28 ± 10.22	6.16 ±4.82	5.84 ±2.50
			326	3.98 ± 1.45		2.87 ± 2.59			2.44 ± 2.00	8.78 ± 2.29		
				8.82 ±2.14	12.59 ±9.55	7.84 ± 4.70	265.30 ± 64.50			21.04 ±7.94		3.14 ±2.50
				6.34 ± 3.46	20.46 ± 10.02	6.46 ± 3.29	162.07 ± 108.96			15.73 ±9.85		
				4.19 ±2.27			86.21 ±48.24	3.64 ± 3.53		9.18 ± 6.41		
			932	13.92 ±2.33	26.30 ± 8.58	14.93 ± 3.80	313.75 ± 116.48	27.30 ± 2.58	9.14 ±6.20	48.84 ± 8.33		9.31 ± 2.02

  The first data are GIRAFFE and UVES spectra of M4 stars (fromMarino et al., 2008, Monaco et: al., 2012, Mucciarelli et al., 2011), see the results in Appendix B, and the second data are GES UVES spectra of stars in Chameleon direction, see the results in Appendix G.

	Figures 8.10 and 8.11 show some examples of the DIB fitting. As can be seen in Fig.
	8.10, a contaminating stellar line is visibly présent in the DIB area. We performed the
	fitting using an appropriate rnask, however in this case our method can no longer be
	considered as fully automated. Still, these results are kept since they will provide a source
	of comparison with other methods. As a matter of fact, the two M4 datasets of Monaco
	et al. (2012) and Marino et al. (2008) are re-analyzed below using synthetic stellar spectra
	(see Chapter 12). See also Chapter 18 which summarizes the M4 analyses.

  The lower table is the coefficients linkage. The saine color in the table shows the sharing properties. See text for details.

	During the fit, the global analysis procedure concatenates the data sets into one single
	large data set. Meanwhile, we hâve prepared user-defined fitting functions, for interstellar
	line modeling (to create Voigt profiles) for Nal D2, Dl, Call K, and H. Those functions are

then called by a wrapper function (Global fit procedure) that does ail required bookkeeping to apply the correct coefficient sets.

  The tenu t, g, rn are Teff, logg, [Fe/Hj, respectively. G=5500 K and g^-4.0. The stellar radial velocity is sometimes provided. Otherwise, it can be taken into account by Doppler shifting the computed spectrum to the observed spectruin (as in our cases here). Another parameter that possibly important is the stellar rotation (if the star is fast rotator). In most of the cases, unfortunately, we do not hâve this information. Hence, we run ATLAS-

	SYNTHE with different values of rotation from 0 to 11 km/s. In our cases, low rotation
	value is good enough to fit our spectra.
	11.2	Application to the 60 Low Extinction Target Stars
		from GES FLAMES/UVES Data

As we hâve previously mentioned in the Part I, we would like to apply the automated spectral analysis tools to data from spectroscopic surveys, especially in the context of Gaia. For this analysis, we used data with the FLAMES/UVES 580 setting as part of GES data. We applied the automated interstellar Nal line fitting to spectra of 60 latetype target stars, wliich are low extinction targets to avoid saturated interstellar Nal lines.

Table 13 .

 13 1: List of 60 high extinction target stars and their estimated distances D (in kpc) and extinctions Av (in mag.) sorted by the name. Numbers in superscript correspond to directions (fields) in Fig. 13.2.

	Cname				Target / Field					ra	dec	m	bC)	D min	D	DmaI	Av min	Av	Avmax
	08065592-4704528	1GAM2VEL HR15N 580	1	Oh	3	121.7	-47.1	262.3	-7.9	1.6	1.7	3.4	0.1	0.5	0.8
	08070717-4721463	GAM2VEL	HR15N	580	1	Oh		6	121.8	-47.4	262.6	-8.0	1.3	1.5	1.6	0.1	0.3	0.5
	08071383-4736156	GAM2VEL	HR15N	580	1	Oh		9	121.8	-47.6	262.8	-8.2	1.6	2.1	2.9	0.8	1.2	1.6
	08071937-4710143	GAM2VEL	HR15N	580	1	Oh		3	121.8	-47.2	262.5	-7.9	1.5	1.7	3.2	0.1	0.4	0.7
	08080882-4736515	GAM2VEL	HR15N	580	1	Oh		6	122.0	-47.6	262.9	-8.0	1.5	1.6	3.1	0.2	0.5	0.9
	08083232-4722553	GAM2VEL	HR15N	580	1	Oh		6	122.1	-47.4	262.8	-7.8	1.3	2.5	2.8	0.0	0.3	0.6
	08091397-4722030	GAM2VEL	HR15N	580	1	Oh		2	122.3	-47.4	262.8	-7.7	1.7	2.5	3.3	0.7	1.1	1.4
	08095429-4710344 08101160-4737555 08105180-4746394 08111229-4704491 08112306-4733019 10564115-7744292 10574797-7617429 10585418-7743115 10593816-7822421 11044460-7706240 11082577-7648315 11140585-7729058 11140941-7714492 11170509-7538518 11213017-7616098 12250638-7243067 12260765-7236514 12573217-6455167 12574905-6458511 15532925-4059522 15534012-4055304 15535027-4105272 15540366-4052141 15542331-4057510 16261089-2452154 16262138-2459123 16285779-2428046 16291704-2424080 16292199-2427194 16595543-0503522 17001366-0511474 17002013-0502562 17004701-0511504 17332693-4253210 17335667-4302456 17341556-4300413	GAM2VEL GAM2VEL GAM2VEL GAM2VEL GAM2VEL 2 Chai Cl 110022-774538 03 HR15N 580 1 Oh HR15N 580 1 Oh HR15N 580 1 Oh HR15N 580 0 5h HR15N 580 1 Oh Chai Cl 105749-762649 16 Chai Cl 110022-774538 03 Chai Cl 110206-781600 01 Chai Cl 110542-770819 09 Chai Cl 110957-765356 11 Chai Cl 111221-773334 04 Chai Cl 111239-771339 08 Chai Cl 111444-753902 21 ChaI_Cl 112101-762341 _ 13 ~Sngc4372 ngc4372 4 GES Cl 125744 645625 a GES Cl 125759 645736 b 5GES MW 155400 410000 GES MW 155400 410000 GES MW 155400 410000 GES MW 155400 410000 GES MW 155400 410000 6RHO OPH filed 8 RHO OPH filed 8 RHO OPH filed 3 RHO OPH filed 3 RHO OPH filed 3 7GES MW 170024 051200 GES MW 170024 051200 GES MW 170024 051200 GES MW 170024 051200 8GES MW 173359 430000 GES MW 173359 430000 GES MW 173359 430000	2 4 4 1 4	122.5 122.5 122.7 122.8 122.8 164.2 164.4 164.7 164.9 166.2 167.1 168.5 168.5 169.3 170.4 194.4 194.5 238.4 238.4 238.5 238.5 238.6 246.5 246.6 247.2 247.3 247.3 255.0 255.1 255.1 255.2 263.4 263.5 263.6	-47.2 -47.6 -47.8 -47.1 -47.6 -77.7 -76.3 -77.7 -78.4 -77.1 -76.8 -77.5 -77.2 -75.6 -76.3 -64.9 -65.0 -41.0 -40.9 -41.1 -40.9 -41.0 -24.9 -25.0 -24.5 -24.4 -24.5 -5.1 -5.2 -5.0 -5.2 -42.9 -43.0 -43.0	262.7 263.1 263.3 262.7 263.2 296.8 296.2 296.9 297.3 297.0 297.0 297.6 297.5 297.1 297.6 303.6 303.6 336.1 336.1 336.1 336.2 336.2 352.7 352.6 353.4 353.5 353.5 14.6 14.6 14.7 14.6 346.9 346.8 346.8	-7.5 -7.7 -7.7 -7.3 -7.5 -16.2 -14.9 -16.2 -16.7 -15.5 -15.1 -15.6 -15.4 -13.9 -14.3 -2.1 -2.1 9.9 9.9 9.8 9.9 9.8 16.6 16.5 16.4 16.4 16.4 22.0 21.8 21.9 21.7 -5.3 -5.5 -5.5	1.4 1.9 1.6 1.0 1.3 0.6 0.5 1.4 0.5 1.7 0.6 0.7 1.0 0.3 1.0 1.8 2.3 0.9 0.5 0.3 0.4 0.9 3.7 1.4 0.2 1.2 0.2 0.3 0.4 0.7 0.6 0.8 0.7 0.8	1.6 2.5 1.9 1.2 1.4 0.8 0.6 1.8 0.7 2.1 0.7 1.0 1.6 0.4 1.2 2.0 2.7 1.3 0.9 0.3 0.4 1.0 4.6 1.7 0.2 1.3 0.2 0.3 0.4 0.8 0.6 0.9 0.8 1.0	2.0 3.4 2.6 1.8 2.7 1.1 0.6 2.4 1.0 2.9 1.1 1.3 1.6 0.5 2.2 2.2 3.4 1.7 1.1 0.4 0.6 1.4 6.1 1.9 0.5 2.5 0.2 0.3 0.5 1.0 0.7 1.1 1.1 1.4	0.3 0.6 0.3 0.6 0.1 2.5 0.4 1.5 1.6 1.8 2.1 3.3 1.8 0.5 0.3 2.0 1.5 0.0 0.7 0.3 0.3 0.6 4.1 3.2 2.9 1.7 2.5 0.8 1.3 1.5 1.1 1.5 1.6 1.4	0.6 1.0 0.6 0.9 0.3 2.9 0.7 1.8 2.0 2.2 2.4 3.7 2.2 1.0 0.7 2.3 1.9 0.2 1.0 0.5 0.5 0.9 4.4 3.5 3.2 2.1 2.7 1.2 1.6 1.8 1.4 1.8 1.9 1.6	0.9 1.4 0.9 1.2 0.6 3.3 0.9 2.1 2.4 2.5 2.8 4.1 2.6 1.4 1.0 2.6 2.3 0.4 1.2 0.8 0.8 1.2 4.8 3.9 3.5 2.5 2.9 1.5 1.9 2.1 1.8 2.0 2.3 1.9	G l o b a l A n a l y s i s o f I n t e r s t e l l a r U n e s a n d D I B ( s ) i n L a t e T y p e S t a r S p e c t r a
	17345383-4300502		GES	MW	173359	430000			263.7	-43.0	346.9	-5.6	0.3	0.4	0.5	0.3	0.6	0.9
	18030864-3017339		9GES MW BULGE plm4			270.8	-30.3	0.8	-4.0	1.9	2.2	3.3	0.5	0.8	1.1
	18031164-2959409		GES	MW	BULGE		plm4			270.8	-30.0	1.0	-3.8	1.8	3.4	3.8	0.4	0.7	1.1
	18031173-3001517		GES	MW	BULGE		plm4			270.8	-30.0	1.0	-3.9	2.1	2.5	2.8	0.1	0.4	0.7
	18031816-3004241		GES	MW BULGE		plm4			270.8	-30.1	1.0	-3.9	2.3	2.6	5.0	0.5	1.0	1.4
	18032561-3001550		GES	MW	BULGE		plm4			270.9	-30.0	1.0	-3.9	2.0	2.1	4.2	0.2	0.6	1.0
	18033143-3005006		GES	MW	BULGE		plm4			270.9	-30.1	1.0	-3.9	2.6	3.5	4.8	1.1	1.5	1.8
	18033226-3008499		GES	MW	BULGE		plm4			270.9	-30.1	0.9	-4.0	0.7	0.9	1.3	1.4	1.7	2.0
	18033785-3009201		GES	MW	BULGE		plm4			270.9	-30.2	0.9	-4.0	2.4	2.7	5.0	0.6	1.1	1.4
	18034171-3008441		GES	MW	BULGE		plm4			270.9	-30.1	0.9	-4.0	2.3	4.5	5.0	0.4	0.8	1.2
	18035275-2959121		GES	MW BULGE		plm4			271.0	-30.0	1.1	-4.0	2.2	2.5	4.7	0.6	1.0	1.4
	18035677-3017252		GES	MW BULGE		plm4			271.0	-30.3	0.8	-4.1	1.8	2.0	3.9	0.5	0.9	1.3
	18040121-3003154		GES	MW	BULGE		plm4			271.0	-30.1	1.1	-4.0	2.2	2.5	4.8	0.8	1.3	1.6
	18505581-0618148	10GES Cl 185104 061630 N6705 GNT3	282.7	-6.3	27.3	-2.8	1.2	1.3	2.1	0.1	0.4	0.7
	18510837-0617495	GES	Cl	185104	061630	N6705	GNT2	282.8	-6.3	27.3	-2.8	1.5	1.8	2.6	0.7	1.1	1.5

Table 13 .

 13 1: continuée!.

	Cname			Target / Field		ra	dec	in	&D	Dmi"	D	Drnax	AVmin	Av	Avmax
	18512283-0621589	GES	Cl	185104	061630	N6705	GNT2	282.8	-6.4	27.3	-2.9	1.3	1.7	2.3	0.5	0.8	1.2

  Table 14.1 and 14.2 shows the target list and the measurements. Because those UVES measurements deal with the brightest. and closest stars, a single velocity-component is in principle appropriate.We applied the global analysis to the 6614 and 6283 Â DIBs. Fitting examples are displayed in Figures 14.2 to 14.5. The choice of a single component is confirmed by the fit residuals that do not show any features on either side of the DIB. Interestingly, we found that the two directions differ in terms of équivalent width ratios.

		With	~0.1 -0.2
	for the CoRoT anti-center and -£	~0.3 for the CoRoT center (see Fig. 14.10), it is
	quite clear that the C field has a higher	ratio.

Table 14 .

 14 1: List of the selected stars and their measurements for 6614 and 6283 Â DIB. EW's unit is in mÂ. Velocity is in heliocentric. frame and in km/s. (*) cautions the unreliable fitting (i.e. when the DIB is too weak).

	Cname		D(kpc)	vel	EWf 6614	EWCj 6614	EW/ 6283	EWd 6283	EW}6614 EWf 6283
	06432980-0050546	1.9	22.4	100.9	126.4	682.6	655.3	0.1
	06435723-0047246	0.5	56.6*	3.8*	i o QO	*	52.9*	47.7*	0.1*
	06440226-0101566	0.3	-11.7*	31.6*	44.9*	11.7*	25.1*	2.7*
	06440805-0047588	1.5	20.7	95.7	86.5	650.9	639.4	0.1
	06441504-0052028	0.6	13.4*	16.1*	23.2*	73.1*	72.1*	0.2*
	06441507-0054279	2.7	30.8	149.7	171.1	911.3	888.2	0.2
	06442854-0047460	2.0	21.0	109.3	112.2	672.7	649.9	0.2
	19241832+0057159	0.2	-20.2	98.5	97.8	412.8	440.7	0.2
	19242747+0045070	2.4	-14.4	165.8	176.7	529.2	533.9	0.3
	19243467+0050077	2.2	-11.4	169.0	181.6	565.5	553.6	0.3
	19243552+0055135	3.0	-11.7	141.0	148.2	516.6	415.2	0.3
	19250371+0049014	1.0	-13.6	171.6	188.6	573.7	574.5	0.3
	Table 14.2:	List of the selected stars and their measurements. EW's unit is in mÂ.
	Cname		vel	EW/ 6614	EW« 6614	EWf 6196	EWd 6196	EWf 6614 EWf 6196
	06432980-0050546	24	97	118	21	16	5
	06435723-0047246	18*	9*	9*	3*	1*	4*
	06440226-0101566	-12*	33*	47*	-6*	-3*	-6*
	06440805-0047588	23	102	103	22	49	5
	06441504-0052028	26*	20*	25*	9*	9*	2*
	06441507-0054279	31	149	171	34	43	4
	06442854-0047460	16	119	115	16	14	7
	19241832+0057159	-15	103	103	17	11	6
	19242747+0045070	-14	160	171	23	16	7
	19243467+0050077	-11	171	184	41	34	4
	19243552+0055135	-13	137	140	42	-14	3
	19250371+0049014	-13	185	198	40	34	5

Velocity is in heliocentric frame and in km/s. (*) cautions the unreliable fitting (i.e. when the DIB is too weak).

  . In those spectral studies,

	Fig. 1. Distribution of the selected fields, numbered as in Table I. The distribution is superimposed on the H1	
	21 cm brightness température map (Kalberla et al. (2005)) in the radial velocity interval -100 km/s < uLSr <	
	100 km/s. The map is in galactic coordinates, centered on l = -60°.						
	Table 1. Selected Fields with FLAMES Observations. Fields 1 to 5 are from GES. Fields 6 and 7 are part of	
	the ESO program 079.B-0662.										
	Field	GIR.	UVES	le	bc	Dm,,,	Vmax	A0m",	A0mal	Ang.	Setting(s)	Studied
		targ.	targ.	O	O	(kpc)	(kpc)	mag	mag	size (°)		DIBs
	1 COROT-ANTICENTER	57	7	212.9	-2.0	0.1	8.6	0.0	2.5	0.4	UVES5800,HR 15N,HR21	6283,6614,8620
	2 COROT CENTER	105	5	37.5	-7.0	0.1	16.1	0.0	2.1	0.3	UVES5800,HR15N,HR21	6283,6614
	3 NGC4815		13	303.6	-2.1	0.9	5.0	1.0	2.5	0.1	UVES5800	6283,6614
	4 y Vel		25	262.8	-7.7	0.7	2.3	0.0	1.0	0.9	UVES5800	6283,6614
	5 OGLE BUL.SC45		12	1.0	-4.0	1.3	2.8	0.8	1.2	0.3	UVES5800	6283,6614
	6 OGLE BUL.SC24(0)	99		357.3	-3.6	0.5	10.0	1,6	3.1	0.4	HR 13	6283
	7 OGLE BUL.SC3,4(W)	106		0.1	-2.1	0.7	9.6	0.7	2.7	0.4	HR13	6283

* Based on observations made with the ESO/VLT at Paranal Observatory, under programs 188.B-3002 (The Gaia-ESO Public Spectroscopic Survey) and 079.B-0662.

Table 16

 16 . From the first to the last column, respectively: center wavelength of DIB, number of stars or line-of-sights (LOS) data used in the corrélation détermination, corrélation coefficient (p-value) determined by including ail LOS data, corrélation coefficient (p-value) determined by removing peculiar stars, fîtting parameter a and b from OLS method and from ODR method.

	.1: DIB corrélation with color excess with ordinary least	square (OLS) fîtting and orthogonal distance régression (ODR) fitting,
	where E(B -V) -a + b * EW. Corr. coeff.* (OLS) a (mag) b (mag/mA) Table from Puspitarini et al. (2013). OLS a* (mag) b* (mag/mA) 0.92 0.0479 ± 0.0188 0.0126 ± 0.0011 0.0446 ± 0.0188 0.0127 ± 0.0011 0.0130 ± 0.0193 a (mag) 0.88 -0.0937 ± 0.0175 0.0248 ± 0.0018 -0.0945 ± 0.0175 0.0247 ± 0.0017 -0.1497 ± 0.0420 0.92 0.0638 ± 0.0213 0.0249 ± 0.0022 0.0637 ± 0.0213 0.0249 ± 0.0023 0.0302 ± 0.0189 0.94 0.0024 ± 0.0071 0.0025 ± 0.0001 0.0006 ± 0.0071 0.0025 ± 0.0001 0.0086 ± 0.0054 0.94 0.0306 ± 0.0151 0.0055 ± 0.0004 0.0291 ± 0.0151 0.0055 ± 0.0004 0.0203 ± 0.0172 0.92 -0.0072 ± 0.0065 0.0117 ± 0.0005 -0.0073 ± 0.0065 0.0116 ± 0.0005 -0.0163 ± 0.0056 0.93 -0.0429 ± 0.0373 0.0705 ± 0.0075 -0.0566 ± 0.0373 0.0722 ± 0.0073 -0.1162 ± 0.0752 0.95 -0.0269 ± 0.0076 0.0205 ± 0.0008 -0.0277 ± 0.0076 0.0204 ± 0.0008 -0.0349 ± 0.0086 0.94 -0.0457 ± 0.0198 0.0119 ± 0.0008 -0.0475 ± 0.0198 0.0119 ± 0.0008 -0.1290 ± 0.0767 0.92 -0.0269 ± 0.0209 0.0084 ± 0.0006 -0.0267 ± 0.0213 0.0084 ± 0.0007 -0.0801 ± 0.0436 0.89 0.0377 ± 0.0141 0.0116 ± 0.0009 0.0377 ± 0.0141 0.0116 ± 0.0009 0.0204 ± 0.0104 0.84 -0.014 ± 0.020 0.00081 ± 0.00008 -0.010 ± 0.016 0.00076 ± 0.00007 -0.036 ± 0.019 0.93 0.0401 ± 0.0126 0.0094 ± 0.0006 0.0383 ± 0.0126 0.0094 ± 0.0006 0.0359 ± 0.0080 0.91 -0.0783 ± 0.0130 0.0363 ± 0.0022 -0.0783 ± 0.0130 0.0363 ± 0.0022 -0.0956 ± 0.0185 0.95 0.0059 ± 0.0075 0.0051 ± 0.0002 0.0051 ± 0.0075 0.0051 ± 0.0002 0.0008 ± 0.0063 0.95 -0.0640 ± 0.0211 0.0359 ± 0.0026 -0.0640 ± 0.0211 0.0359 ± 0.0026 -0.0953 ± 0.0458 0.89 -0.0718 ± 0.0203 0.0380 ± 0.0030 -0.0737 ± 0.0203 0.0380 ± 0.0030 -0.1284 ± 0.0333 excluding some peculiar stars: HD147932, HD179029 Ac (A) LOS Corr. coeff. (OLS) 4726.83 0.92 4762.61 0.87 4963.88 0.93 5780.38 0.94 5797.06 0.94 5849.81 0.92 6089.85 0.92 6195.98 0.94 6204 0.94 6204ct 0.93 6269.85 0.89 6283.84** 0.83 6379.32 0.93 6445.28 0.91 6613.62 0.94 6660.71 0.95 6699.32 0.89 excluding HD172488 ^based on continuum integrated EW measurement	ODR 0.0196 ± 0.0022 b (mag/mA) 0.0326 ± 0.0057 0.0331 ± 0.0042 0.0023 ± 0.0001 0.0063 ± 0.0005 0.0127 ± 0.0005 0.0875 ± 0.0198 0.0217 ± 0.0012 0.0174 ± 0.0044 0.0114 ± 0.0019 0.0151 ± 0.0009 0.00089 ± 0.00009 0.0101 ± 0.0004 0.0418 ± 0.0036 0.0051 ± 0.0002 0.0428 ± 0.0088 0.0527 ± 0.0065	I n t e r s t e l l a r E n v i r o n m e n t a n d t h e I n f l u e n c e o f t h e S t e l l a r R a d i a t i o n F i e l d t o D I B s
				ce
				oc

Notes

Table 17 .

 17 1: List of target stars toward the Carina nebula. Coordinates are in FK5 System. Parallaxes are in mas unit obtained from SIMBAD astronomical database.

	No			star				ra (°)	dec (°)	p (ruas)
	1	ALS	15	207		160.947	-59.578
	2	Tri 6-244		161.010	-59.725
	3	CPD-58+2611		160.905	-59.556
	4	CPD		-58	2620		160.993	-59.561
	5	CPD		-59	2551		160.952	-60.112
	6	CPD		-59	2554		160.962	-60.121
	7	CPD-59+2600		161.138	-59.788
	8	CPD		-59	2610		161.191	-59.954
	9	Tri6-22			161.241	-59.774
	10	CPD-59+2635		161.267	-59.752
	11	CPD-59+2636		161.270	-59.745
	12	CPD-59F2641		161.283	-59.733
	13	Feinstein97		161.548	-59.895
	14	HD93128		160.932	-59.535
	15	HD93129A		160.956	-59.549
	16	HD93130		160.964	-59.885
	17	HD93146		160.966	-60.088
	18	CPD	-59	2555	B	160.961	-60.107
	19	HD93160		160.995	-59.581
	20	HD93204		161.098	-59.748
	21	HD93205		161.101	-59.749
	22	HD93222		161.106	-60.074
	23	HD93249		161.144	-59.368
	24	HD93250		161.144	-59.571	0.53 ± 0.42
	25	HD93343		161.265	-59.753
	26	HD93403		161.395	-59.420	1.22 ± 0.45
	27	HD		93	576		161.682	-60.098
	28	HD93632		161.759	-60.081
	29	HD303308		161.235	-59.680
	30	HD303311		161.121	-59.551
	31	HDE	305	438		160.647	-59.925
	32	HD305523		161.083	-59.966
	33	HDE	305	524		161.153	-59.932
	34	HD305532		161.346	-59.963
	35	HDE	305	539		161.596	-60.089
	36	HD93206		161.055	-60.004	1.67 ± 0.40
	37	WR25			161.002	-59.727

Table 23 .

 23 1: Résumé of Data AnalysesThe FEROS data from the ESO large program on the nearby ISM (mostly B3 to A5 targets) hâve been used to dérivé empirical DIB intrinsic profiles. Measurements are presented for 16 DIBs in the optical domain, that were extracted automatically: 4726.8,

	Target	Targ. No.	Inst.	Survey/Ref.	Cons. Key Note
	Loop I	30	NARVAL		Distance of high-latitude shells (~100 pc).
	Southern sky ail sky M4 Carina CoRoT a.-c. CoRoT c. NGC 4815 7 Vel Innerdisk Chameleon TOTAL (*) ESO observations, LP179.C-0197 program (Raimond et al., 2012) 130 FEROS 278 ELODIE 351 FLAMES 191 FEROS, Boller & Chivens 64 FLAMES 110 FLAMES 13 FLAMES 25 FLAMES 217 FLAMES 8 FLAMES 1417 Further analyses are required.	1 2 3, GOSSS G ES G ES G ES GES GES, 4 GES	Détermination DIB-£'(B -V) relationships. * DIB helps estimating differential reddening qualitatively. * Rich velocity structures. * Tracing Galactic IS structures and kinematics Tracing Galactic IS structures and kinematics Tracing Galactic IS structures and kinematics Tracing Galactic IS structures and kinematics Tracing Galactic IS structures and kinematics Rough E(B-V) estimation. *	R é s u m é o f I n t e r p r é t a t i o n o f t h e D a t a A n a l y s e s
						to
						-'J
						00

Monaco et al. (2012)

,

Marino et al. (2008)

,

Mucciarelli et al. (2011) Barba et al 2006, Mafz Apellâniz et al. (2011)

, Mafz Apellâniz (private communication) (4)

Hill et al. (2012Hill et al. ( , 2014) ) 

  used our automated tools to analyze spectra of stars from the M4 cluster. IS Nal lines are difficult to extract properly due to the sky émission residuals. Further analyses nsing the 6614 Â DIB show differential reddening within the field, but can only be used qualitatively. It is because residuals of spécifie stellar lines may still blended with the DIB, observational uncertainties, and the DIB-E(B-V) relationships do not taking interstellar environment (stellar radiation field) into account. From target stars in Carina nebula observed with the FEROS instrument, rich IS velocity structures were observed. IS Call lines shows more structures than Nal or Kl lines. The ISM radial velocity in the optical domain is in agreement with previous measurements in UV domain. Apart from FEROS data, GOSSS spectra are available, and were analyzed,

Table A

 A 

	HD HD HD						alpha alpha alpha alpha		dcc dcc dec dec	date-obs date-obs datc-obs date-obs	bcrv berv berv berv	SN SN SN SN	IS comp IS comp IS comp IS comp	vel,lVe velavc velavc velave	EWf tôt EWf tôt EWf tôt EW f tôt
	HD024534 HD179761 3 HD224557 5 HD121665			03 55 23 19:13:42.70 23:58:49 13:56:40.64		31 02 45 +02:17:37.3 + 53:40:20 + 02:59:11.7	1996-12-17T21:09:55 2002-08-15T21:37:24 2002-08-03T02:35:12 2006-04-06T00:52:55	-11.8 -14.7 19.3 5.4	107.5 130.9 75.0 50.9	26.2 0.7 -29.1 -12.8	306.3 165.5 118.2 88.2
	HD024534 HD179761 HD190397 HD059473	4		1	03:55:23 19:13:42.70 20:01:45.54 07:30:27.63		31:02:45 +02:17:37.3 + 57:39:06.5 +07:43:09.30	2000-01-29T18:06:31 2002-08-14T22:47:39 2006-06-25T00:11:05 2001-12-22T03:11:38	-27.0 -14.4 7.8 11.1	162.8 76.1 57.5 70.4	38.2 -2.6 -25.7 6.9	296.4 133.3 208.5 27.1
	HD024534 HD174884 5 HD190397 1 HD217860			03:55:23 18:50:11.09 20:01:45.54 23:02:37.38		31:02:45 +03:59:28.50 + 57:39:06.5 + 59:36:18.2	2000-01-29T 18:38:30 2000-06-10T01:24:45 2006-06-26T00:13:58 2001-10-07T18:53:07	-27.1 11.3 7.8 2.8	249.3 118.9 48.1 131.6	38.2 -22.9 -25.3 -8.8	283.5 422.7 218.3 94.1
	HD191201 HD259431 HD219989			20:07:23.77 06:33:05 23:20:01.19		+35:43:05.3 + 10:19:20 +41:45:17.4	2004-08-27T21:43:10 1996-03-11T23:10:49 2004-12-03T 18:44:56	-5.6 -28.2 -19.9	142.4 27.3 101.6	-5.9 42.7 15.5	938.1 332.0 180.1
	HD037366 HD259431 HD017217			1	05:39:24.8015 06:33:05 02:47:55.32		+30:53:26.765 + 10:19:20 +55:36:49.0	2004-11-16T02:09:44 1995-02-19T00:25:48 2004-12-04T22:00:33	15.2 -23.1 -6.4	88.2 39.5 78.0	-3.9 32.9 7.3	467.4 300.1 48.8
	HD209975 HD028114 HD066067			22:05:08.78 04 26 21.1 08:04:37.01		+62:16:47.3 + 08 35 25 +54:44:46.1	2005-08-18T01:46:32 2004-01-21T20:40:14 2006-04-05T 19:45:30	10.2 -23.5 -24.7	58.2 207.1 14.6	-25.9 47.0 32.9	634.4 245.0 150.7
	HD209975 HD170783 1 HD066067 1			22:05:09 18:28:36.00 08:04:37.01		+ 62:16:47 +04:35:27.29 +54:44:46.1	2001-11-22T17:48:36 2000-06-18T00:38:17 2006-04-05T20:17:50	-8.6 5.3 -24.7	74.9 78.0 18.5	-5.8 -14.1 32.7	699.2 585.3 132.3
	HD193443 HD168797 HD012389			20:18:51.74 18:19:01.00 02:02:13.45		+38:16:47.3 +05:24:41.00 + 33:24:32.1	2005-08-17T20:05:33 1999-07-25X22:30:01 2004-12-06T22:14:59	-0.8 -11.6 -16.6	79.6 171.2 81.0	-14.6 1.0 17.1	818.9 407.6 258.8
	HD209481 HD168797 HD14380G			1	22:02:04.46 18:21:28.4 16:00:54.93		+58:00:01.6 + 05:26:08.6 39:10:39.0	2004-01-09T18:01:20 2006-07-15T23:59:44 2006-03-09T04:22:28	-14.3 -7.4 13.2	244.2 96.6 33.7	0.2 -3.4 -35.0	669.4 382.1 39.3
	HD209481 HD168797 HD143806	1 1		2	22:02:04.57 18:21:28.4 16:00:54.93		+ 58:00:01.4 +05:26:08.6 39:10:39.0	2005-08-17T23:31:49 2006-07-14T21:07:20 2006-03-09T04:29:39	10.0 -7.1 13.2	102.9 113.7 69.6	-18.2 -7.4 -35.5	609.9 414.2 39.1
	HD093521 HD168797 HD143806	2		3	10:48:23 18:21:28.4 16:00:54.93		+37:34:13 +05:26:08.6 39:10:39.0	1994-12-14T03:17:35 2006-07-14T20:21:59 2006-03-09T04:46:50	24.6 -7.0 13.2	41.0 116.9 42.9	-34.0 -6.8 -35.0	151.2 420.0 37.3
	HD093521 HD093521 HD093521 HD168797 HD168797 HD168797 2 1 3 HD 143806 15 HD143806 16 HD143806 17 Appendix B 10:48:23 10:48:23 10:48:23 4 18:21:28.4 5 18:21:28.4 6 18:21:28.4 16:00:54.93 16:00:54.93 16:00:54.93	+37:34:13 +37:34:13 +37:34:13 +05:26:08.6 +05:26:08.6 + 05:26:08.6 + 39:10:39.0 + 39:10:39.0 +39:10:39.0	1995-01-14T03:44:55 1995-01-14T02:37:29 1995-01-14T03:10:52 2006-07-14T23:16:57 2006-07-15T02:08:35 2006-07-14T21:51:35 2006-04-07T03:53:22 2006-04-07T02:48:19 2006-04-07T03:18:22	15.3 15.4 15.3 -7.3 -7.6 -7.2 7.2 7.3 7.2	100.0 103.6 97.0 104.5 64.4 118.6 66.2 67.2 76.5	12	-22.8 -24.3 -24.7 -15.3 -3.3 -8.0 -29.8 -29.8 -29.6	152.7 158.3 150.7 388.5 375.7 401.3 41.2 37.3 41.8
	HD093521 HD168797 4 HD 143806 18	7	10:48:23 18:21:28.4 16:00:54.93		+ 37:34:13 +05:26:08.6 +39:10:39.0	2004-05-01T22:42:13 2006-07-15T01:26:04 2006-04-07T03:35:36	-25.2 -7.5 7.2	59.6 80.8 70.1	12	18.0 -15.9 -30.0	144.9 413.5 42.2
	HD093521 HD168797 5 HD224624		8	10:48:23 18:21:28.4 23:59:27.88		+37:34:13 +05:26:08.6 +57:40:15.4	2004-05-02TOO:06:09 2006-07-15T00:42:44 2004-12-05T20:50:37	-25.3 -7.5 -13.0	44.7 91.3 83.0	15.2 -7.4 -0.5	145.9 404.7 37.2
	HD093521 HD168797 HD224624	7 1		9	10:48:23 18:21:28.4 23:59:27.88		+ 37:34:13 +05:26:08.6 + 57:40:15.4	2004-05-01T21:04:44 2006-07-14T22:34:20 2004-12-06T20:23:16	-25.1 -7.3 -13.2	125.3 110.1 62.2	16.3 -7.8 -0.8	146.2 402.0 37.9
	HD093521 HD168797 HD223425		8	10	10:48:23 18:21:28.4 23:49:18.32		+ 37:34:13 +05:26:08.6 + 22:51:16.6	2004-05-01T23:14:35 2006-07-12T01:15:20 2004-12-05T18:59:10	-25.2 -6.2 -25.9	36.6 106.3 112.3	15.8 -5.8 17.5	145.7 411.8 34.2
	HD093521 HD168797 HD047031		9	11	10:48:23 18:21:28.4 06:37:29.31		+37:34:13 +05:26:08.6 + 22:08:55.8	2004-05-01T 19:26:40 2006-07-11T22:48:31 2004-12-04T04:45:32	-25.0 -6.0 13.0	72.4 140.5 60.4	16.0 9.6 5.2	144.4 350.3 27.1
	HD093521 HD 168797 HD047031	10 12 1	10:48:23 18:21:28.4 06:37:29.31		+37:34:13 +05:26:08.6 + 22:08:55.8	2004-05-01T 19:59:10 2006-07-11T21:56:43 2004-12-04T04:18:06	-25.0 -5.9 13.0	65.9 118.9 61.1	15.1 -9.6 4.8	146.9 416.9 25.6
	HD093521 HD093521 HD093521 HD168797 HD168797 HD168797 HD011190 HD197832 12 11 13 13 15 16 1 HD011190 M4 Cluster Data (FLAMES) 10:48:23 + 37:34:13 2004-05-01T20:31:31 -25.1 134.6 10:48:23 +37:34:13 2004-05-02T00:38:31 -25.3 57.4 10:48:23 +37:34:13 2004-05-01T21:3 7:09 -25.1 110.5 18:21:28.4 +05:26:08.6 2006-07-12T02:00:08 -6.3 71.8 18:21:28.4 +05:26:08.6 2006-07-12T00:28:23 -6.2 133.1 18:21:28.4 +05:26:08.6 2006-07-12T23:38:16 -6.1 114.6 01:50:44.80 +36:03:05.0 2004-12-03T21:46:42 -15.5 77.9 20:43:29.66 +07:11:45.1 1998-09-05T21:04:42 -12.5 153.7 01:50:44.80 + 36:03:05.0 2004-12-03T21:24:24 -15.4 79.2	21.4 15.4 10.4 -10.7 -7.2 14.3 -4.1 -1.2 14.2	141.5 147.8 150.0 411.9 426.4 408.7 181.5 55.1 183.3
	HD093521 HD168797 HD011190		14 17 2	10:48:23 18:21:28.4 01:50:44.80		+37:34:13 +05:26:08.6 + 36:03:05.0	2004-05-01T22:09:37 2006-07-11T01:44:28 2004-12-04T17:29:27	-25.2 -5.9 -15.5	76.9 98.1 75.5	14.0 -5.1 14.3	149.5 403.9 180.7
	HD093521 HD168797 HD011190	16 18 5	10:48:23 18:21:28.4 01:50:44.80		+37:34:13 +05:26:08.6 +36:03:05.0	2004-05-02T22:57:37 2006-07-10T22:19:13 2004-12-08T00:46:15	-25.3 -5.5 -17.3	44.8 123.5 28.2	16.0 -15.1 16.1	137.6 365.5 209.1
	HD093521 HD168797 HD011190	18 19 6	10:48:23 18:21:28.4 01:50:44.80		+37:34:13 + 05:26:08.6 + 36:03:05.0	2004-05-02T22:24:48 2006-07-10T23:02:29 2004-12-08T18:34:59	-25.3 -5.6 -17.2	58.0 121.1 22.7	23.2 -9.6 16.0	151.6 394.7 184.2
	HD093521 HD168797 HD030468 19 21	10:48:23 18:21:28.4 04:48:43.86		+ 37:34:13 +05:26:08.6 + 21:18:56.9	2004-05-02T21:34:37 2006-07-10T20:57:34 2004-12-04T02:03:33	-25.3 -5.4 0.2	52.4 104.0 83.8	16.3 -6.1 20.6	153.8 411.7 224.8
	HD093521 HD 168797 HD030468	20 22 1	10 48 23.5 18:21:28.4 04:48:43.86		37 34 13 +05:26:08.6 + 21:18:56.9	1998-03-06T23:46:14 2006-07-11T00:05:08 2004-12-07T00:18:52	-7.9 -5.7 -1.2	152.4 121.7 67.4	-0.6 -9.3 20.5	155.6 397.0 223.3
	.l: 21 HD168797 HD093521 24 HD077350 2 HD093521 22 HD192685 HD077350 4	10 48 23.5 18:21:28.4 09:02:44 Equivalent, Width (EW) of IS D2 line in O-type star spectra (ELODIE +37 34 13 1998-03-08T02:44:44 -8.5 26.6 -0.9 145.8 +05:26:08.6 2006-07-11T01:44:28 -5.9 98.1 -5.1 403.9 + 24:27:11 2001-04-16T19:31:45 -28.5 72.7 29.2 59.3 10 48 23.5 37 34 13 1998-03-10T01:48:28 -9.3 54.6 -1.1 139.6 20:15:16 + 25:35:31 2003-08-19T22:17:13 -4.8 371.6 -10.3 28.4 09:02:44.27 + 24:27:10.50 2004-01-04T02:09:44 14.1 228.8 -12.4 62.0
	HD093521 HD192685 23 HD077350 5 Data) using automated D2 fitting. EW is in mÂ. Velocity (v) is in km/s (topocentric 10:48:23.51 +37:34:13.09 2004-04-27T21:38:07 -24.6 152.8 14.2 147.5 1 20:15:16 +25:35:31 2003-08-20T01:53:20 -5.0 207.1 -10.1 29.9 09:02:44.27 + 24:27:10.50 2005-02-03T23:05:42 -1.9 344.0 3.3 62.2 HD093521 24 10:48:23.51 +37:34:13.09 2004-04-30T21:19:13 -25.0 99.0 14.8 152.7 HD192685 2 20:15:16 + 25:35:31 2003-08-16T00:20:25 -3.5 285.3 HD179218 19:1 1:11 + 15:47:17 1994-08-27T19:19:19 -15.9 143.7 -1.7 185.0
	HD093521 HD179218 HD093521 HD179218	25 3 26 4		10:48:23.51 19:11:11 10:48:23.51 19:11:11	+37:34:13.09 + 15:47:17 frame). berv is the barycentric correction. 2004-04-30T23:01:17 -25.1 84.8 1995-06-10T01:42:23 12.7 157.4 +37:34:13.09 2004-04-30T20:46:16 -25.0 96.6 + 15:47:17 1995-08-18T20:37:57 -13.1 122.1	16.2 -29.2 14.3 -4.2	149.6 180.1 156.5 176.2
	HD093521 HD179218	27 5		10:48:23.51 19:1 1:11		+37:34:13.09 + 15:47:17	2004-04-30T22:25:26 1996-03-12T04:25:00	-25.1 20.5	103.1 99.4	14.7 -37.0	151.4 150.3
	HD HD093521 HD179218 HD093521 HD335238	29 6 30 1		alpha 10:48:23.51 19:11:11 10:48:23.51 20:32:22		dec +37:34:13.09 + 15:47:17 +37:34:13.09 41:18:19	datc-obs 2004-05-01T01:04:06 1997-07-06T22:48:26 2004-04-30T21:52:33 1994-07-20T00:51:06	bcrv -25.2 2.8 -25.0 8.2	SN 61.2 119.0 99.0 32.6	IS corap 12	velave 15.0 -24.1 14.9 -29.3	161.7 170.6 EWf tôt 150.0 1033.0
	HD164794 HD093521 31 HD335238 2		18 03 52 10 48 24 20:50:44		-24 21 3 37 34 13 + 29:48:12	1998-06-14T23:30:16 1997-05-22T19:57:54 1994-07-15T22:32:22	3.9 -26.1 11.4	39.7 85.4 104.7	-15.5 16.2 -27.2	450.1 142.6 190.5
	HD014947 HD335238	3			02:26:46.9893 20:50:44		+ 58:52:33.125 + 29:48:12	2004-11-20T18:00:18 1994-07-16T22:15:52	-1.1 11.1	77.2 85.2	12	-28.2 -26.3	1113.0 191.8
	HD014947 HD335238			3 6			02:26:47 20:50:44		t 58:52:33 29:48:12	2001-11-24T19:38:58 1994-07-19T23:07:51	-2.6 10.1	101.0 54.9	12	-25.5 -25.6	1144.0 191.4
	HD199579 HD101369				20:56:35 11:39:51		+44:55:29 -14:28:06	2001-08-09T22:47:17 2005-04-21T20:51:57	5.7 -14.1	102.3 140.2	-21.6 10.8	847.0 43.6
	HD017505 HD031293				02:51:07.9746 04:55:45		+ 60:25:03.874 + 30:33:06	2004-11-17X22:51:35 1994-11-09T04:16:28	1.7 14.1	178.2 16.5	22.7 7.6	939.2 126.8
	HD 188001					19:52:21.78		18:40:19.5	2005-11-10X17:55:25	-22.9	116.9	16.3	564.1
	HD031293			1			04:55:45		+30:33:06	1994-11-09T03:43:40	14.1	76.8	2.5	154.2
	HD193514 HD031293		4			20:19:08.53 04:55:45		+ 39:16:24.6 +30:33:06	2005-08-17T21:13:54 1994-11-11T00:52:30	-0.7 13.4	72.9 130.3	-13.8 3.5	723.8 162.4
	HD217086					22 54 49		62 27 35	2000-08-08T03:00:25	13.9
	HD031293			5			04:55:45		+30:33:06	1994-11-11 TOI: 57:54	13.3	120.6	3.4	157.4
	HD031293			7			04:55:45		+30:33:06	1994-11-11T01:25:12	13.4	124.3	3.5	161.0
	HD031293			9			04:55:45		+30:33:06	1994-11-11T03:38:47	13.2	113.4	0.4	153.8
	HD031293			10		04:55:45		+30:33:06	1994-11-11T02:30:32	13.3	81.3	3.5	140.9
	HD031293		24		04:55:46		+30:33:04	1996-11-24T02:52:56	6.7	83.2	9.0	140.5
	HD031293		25		04:55:46		+ 30:33:04	1996-11-24T03:13:57	6.6	80.6	9.2	127.6
	HD031293		30		04:55:46		+ 30:33:04	1996-11-23T23:28:28	7.0	106.0	8.9	138.3
	V000380	ORI		05:36:25		-06:42:57	1994-08-29T03:11:57	24.7	12.5	2.5	214.2
	HD205117				21:31:44		+48:29:03	2005-10-13X20:16:19	-7.8	91.1	-10.0	24.3
	HD205117			1			21:31:45		+48:29:04	2000-08-19T02:25:26	6.6	219.6	-23.5	20.1
	HD008855				01:25:06		+ 43:37:00	1994-07-18T01:54:49	24.5	108.6	-35.9	117.7
	HD 176984				19:02:54.50		-03:41:56.35	2006-06-02T23:19:44	16.0	153.5	-30.6	123.4
	HD174240				18:49:37		+00:50:10.4	1998-07-02T00:19:18	1.6	131.5	-16.9	48.6
	HD 174240			1			18:49:37		+00:50:10.4	1998-07-04T01:14:31	0.6	220.6	-16.0	51.7
	HD 174240			2			18:47:04.23		+00:46:40.59	1999-07-23T00:11:59	-7.8	90.7	-7.6	55.6
	HD174240			3			18:47:04.23		+00:46:40.59	2002-08-18T21:13:04	-18.4	97.4	3.2	59.6
	HD212095				22:20:41.82		+49:58:53.5	2001-10-04T 18:49:32	-2.0	45.8	-11.2	363.9
	HD212095			1			22:20:41.82		+49:58:53.5	2001-10-05T23:00:20	-2.6	68.3	-10.0	369.6
	HD212095			2			22:20:41.82		+49:58:53.5	2001-10-07T00:57:39	-3.0	48.2	-8.9	378.0
	HD212095			3			22:20:41.82		+49:58:53.5	2001-10-07T18:08:18	-2.9	72.0	-9.2	359.1
	HD212095			4			22:20:41.82		+49:58:53.5	2001-10-08T18:24:37	-3.2	68.6	-10.4	404.4
	HD209845				22:06:11		+ 10:05:28	2000-09-08T01:02:07	-4.7	37.3	-6.7	47.7
	HD209845			1			22:06:11		+ 10:05:28	2001-08-27T02:38:58	1.1	35.7	-7.6	75.9
	HD015570 HD209845			4 3			02:32:49.4 22:06:11		61:22:42.5 + 10:05:28	1996-12-25T17:45:21 2001-08-28T22:47:30	-12.8 0.5	98.2 99.1	12	-25.1 -10.7	1492.1 66.8
	HD046223 HD170699				06:32:09.3 18:28:12.56		04:49:24.7 +04:28:31.39	2005-ll-08T02:29:11 2002-08-19T21:54:06	22.5 -19.8	142.0 189.8	-4.0 4.7	705.0 102.0
	HD046223 HD170699			1 1			06:29:30.03 18:28:12.56		+04:51:39.29 + 04:28:31.39	2003-01-17T21:19:31 2002-08-19T20:52:07	-9.1 -19.7	129.5 212.8	26.6 4.6	724.3 100.2
	HD046150 HD193237 HD007551			10	06:31:55.5 20 17 47 01:15:35.62		+04:56:34.3 38 1 5 +00:54:44.8	1999-11-20T23:55:24 1998-06-15X00:58:12 2004-12-04T20:38:36	18.7 14.3 -24.9	51.6 48.0 73.4	12	1.2 -39.3 19.4	838.1 757.0 29.8
	HD046150 HD193237 HD009853	1	11	06:31:55.5 20 17 47 01:36:50.8		+04:56:34.3 38 1 5 +33:39:36	1999-11-20T02:02:44 1998-06-15X01:02:40 1995-12-19T19:09:13	18.5 14.2 -22.3	55.4 250.5 81.9	12	3.1 -39.2 22.7	739.6 735.3 116.3
	HD046150 HD216629 2 HD006813		06:31:55.5203 22:53:15 01:09:13.43		+04:56:34.291 +62:08:45 +33:56:29.6	2004-11-16T03:52:15 1997-07-09X01:29:40 2004-12-06T20:38:52	19.6 14.5 -19.8	104.3 134.3 86.4	G	-0.9 -29.9 21.2	700.7 791.2 102.4
	HD046150 HD216629 HD109840	4		1	06:29:16.10 22:53:15 12:37:51.84		+04:58:47.90 +62:08:45 + 04:17:19.3	2003-01-16T21:01:04 1995-08-09X23:50:02 2006-04-05T00:28:17	-8.6 13.9 -3.8	122.4 91.0 65.2	29.4 -24.5 -3.0	788.8 804.3 26.4
	HD216629 HD031489			3	22:53:15 04:56:43.79		+62:08:45 +08:49:20.7	1994-08-27X21:54:10 2004-12-07T00:54:57	11.7 -1.0	109.8 71.7	-19.2 23.1	745.4 91.3
	1ID240010 HD100974			1	22:38:32 11:37:18		+ 55:50:06 06:16:12	1995-09-08X01:33:53 2006-04-03T22:41:06	8.0 -10.5	51.4 30.6	12	-34.6 6.1	1144.9 203.3
	HD240010 HD100974	1		3	22:38:32 11:37:18		+ 55:50:06 06:16:12	1994-11-18X21:47:28 2006-04-03T22:58:37	-11.0 -10.6	35.6 34.5	12	-19.6 3.0	1029.3 211.9
	Table A.2: HD240010 4 HD140364 HD240010 6 HD140364 1	22:38:32 15:41:48.64 Equivalent Width (EW) of 1S D2 line in B-type star spectra (ELODIE + 55:50:06 1994-08-27X23:01:17 10.5 111.7 12 -40.2 1268.9 +37:02:54.2 2006-04-06T02:00:52 6.9 45.7 -24.9 87.5 22:38:32 +55:50:06 1994-08-27X23:01:17 10.5 111.7 12 -40.2 1268.9 15:41:48.64 +37:02:54.2 2006-04-06X03:05:21 6.8 33.9 -25.4 79.8
	HD140364 Data) using automated D2 fitting. EW is in niÂ. Velocity (v) is in km/s (topocentric 2 15:41:48.64 +37:02:54.2 2006-04-06T02:33:08 6.9 37.0 -27.8 95.3 HD 140364 3 15:41:48.64 + 37:02:54.2 2006-04-08X01:39:43 6.4 48.1 -25.1 100.2
	HD030614 HD140364 HD030614 Table A.3: 4 1 HD005066 HD046557	+44:18:55 + 66:20:32.9 +37:02:54.2 frame). berv is the barycentric correction. 2001-08-10X22:45:52 3.1 115.7 2004-11-17X01:44:48 9.3 294.7 2006-04-08T02:02:55 6.4 41.8 66:20:34 1995-11-10X04:34:26 11.7 376.2 +38:32:56 2004-12-04T21:21:42 -18.6 108.9 Equivalent Width (EW) of IS D2 line in A-type star spectra (ELODIE -25.9 851.8 04:54:02.99 12 -18.7 15:41:48.64 -25.0 106.3 685.6 04:54:03 -19.5 645.1 00:52:53 15.7 54.7 06:31:41.13 + 06:44:07.59 2003-01-24T18:15:52 -12.0 87.0 32.4 14.5
	HD030614 HD030614 HD HD 184875 Data) using automated D2 fitting. EW is in mÂ. Velocity (v) is in km/s (topocentric 2 04:54:03.0113 66:20:33.64 2005-11-07X23:16:48 12.5 216.8 -28.5 587.2 3 04:54:03 1995-01-19X00:49:34 -13.5 477.6 7.5 621.2 alpha dcc date-obs berv SN IS comp ve/ûve EW f tôt 19:34:41 +42:24:46 1996-07-27T23:55:52 1.2 134.7 -16.6 33.0 +66:20:03 HD172324 18 37 58.7 37 26 06 1999-07-07T00:39:42 0.1 73.4 12 -27.9 440.6 HD184875 1 19:34:41 +42:24:46 1996-07-27T23:17:19 1.0 111.2 -15.8 31.3
	HD188209 HD 188209 HD 172324 HD184875	1 3 2		1	19 51 59 19:51:59 17 37 58 19:34:41	47 01 03 47:01:38 +37 26 00 frame). berv is the barycentric correction. 1998-06-12X01:03:34 10.6 187.0 1997-09-18X01:11:47 -7.3 197.3 2000-10-08T19:51:41 -13.4 152.9 +42:24:46 1996-07-28T22:15:ll 0.9 180.0	12	-26.2 -8.7 -7.4 -16.3	489.5 489.2 392.6 34.3
	HD188209 HD038650 4 HD184875 3 HD188209 6 HD038270 HD192640			19:51:59 05:44:51.47 19:34:41 19:51:59 05:42:05.32 20:14:32	47:01:38 +42:24:46 +04:05:00.50 47:01:38 + 03:48:40.40 +36:48:22	1997-09-17X21:36:34 2000-12-20T20:22:22 1996-07-31T00:33:00 1997-09-19X20:26:42 2000-01-30T 19:38:32 2004-08-30T20:32:24	-7.2 -1.2 0.2 -7.4 -19.7 -5.4	417.5 96.0 172.1 347.5 76.1 227.6	12 12	-9.2 7.9 -15.4 -7.2 22.3 -13.8	215.7 35.9 450.8 500.9 473.4 36.9
	HD188209 HD039082 7 HD HD124320 HD188209 8 HD250550 HD022961 HD066470 HD047432 HD047022 HD 175037 HD003743 HD015642 HD042353 HD224557 HD225125 HD024534 HD047292 HD224557 1 HD111164 HD024534 1 HD208727 HD224557 2 HD192678 HD024534 2 HD 196426 HD224557 3 HD158414		1	19:51:59 05:47:44.33 alpha 14 11 57 19:51:59 06:02:00 03:39:17 08:05:25.24 06:38:38.1875 06:34:01.13 18:50:55.09 00:40:19.78 02:32:56.3830 06:07:46.68 23:58:49 00:03:44.38 03:55:22.92 06:35:29.84 23:58:49 12:47:13.4 03:55:22.9 21:57:02 23:58:49 20:13:36 03:55:22.9 20:34:44.56 23:58:49 11:49:05	47:01:38 +04:56:35.90 dec 38 49 51 + 35:17:24 + 41:11:24.5 + 16:30:57 +47:01:39 +01:05:48.09 + 24:03:14.0 +00:48:26.60 +01:36:48.666 +53:40:20 +42:01:24.6 +02:54:47.00 + 55:19:39.055 + 31:02:44.3 +53:40:20 + 11:57:30.1 +07:11:34.50 31:02:45 + 53:40:20 +53:39:34 +48:40:06 31:02:45 -00:04:41.20 + 53:40:20 +14:34:25	1997-09-19X22:19:25 2000-12-14T20:56:39 date-obs 2000-06-07T20:58:32 1994-11-19T02:18:23 1996-02-03X19:46:16 2006-04-06T21:25:08 2001-08-09X21:54:19 2004-11-20X01:54:49 2003-01-16T22:19:10 2002-08-20X21:56:34 2004-12-06T18:26:13 2004-11-20X21:11:43 2000-12-15T21:47:53 2002-01-25X19:39:06 2004-12-04T18:45:34 2004-11-18X23:57:13 2003-01-22T18:55:49 2002-01-26X18:42:45 1997-01-23T00:47:36 1995-11-08X01:04:44 1999-04-30T03:08:21 2002-01-27X21:00:30 2000-05-22T00:58:23 1995-11-07X23:32:21 1999-12-18T18:30:16 2002-01-27X18:56:52 1995-06-07T22:23:43	-7.6 2.2 berv -17.8 16.3 -27.9 -27.7 0.6 18.6 -7.9 -18.8 -23.9 -1.7 4.2 -20.3 -19.1 3.4 -10.7 -20.3 26.2 8.6 10.9 -20.3 10.4 8.8 -20.7 -20.2 -28.8	312.2 76.0 SN 154.8 43.3 22.4 40.6 175.2 138.5 148.7 115.0 136.9 68.6 92.0 55.9 89.2 223.4 120.6 78.3 35.8 207.9 161.3 36.5 30.6 112.0 88.8 55.7 103.4	6 IS comp 6 6 12 12 6 12 6 6 6 6 6 6 6 6	-6.4 22.9 velave 3.0 -2.9 39.8 36.6 -14.7 -2.0 18.6 3.1 21.5 -25.1 13.7 10.8 12.1 27.7 9.9 -33.2 7.2 4.7 1.1 10.9 -25.1 4.3 3.4 10.4 -15.4	83.7 8.5 EW f tôt 506.2 307.3 365.9 261.7 496.9 694.4 172.4 370.9 219.0 1024.6 197.3 124.2 18.4 276.4 608.4 126.4 116.6 208.8 129.3 359.5 314.7 269.2 145.8 136.3 110.8

Table B .

 B l: Equivalent Width (EW) of IS Nal lines in of M4 stars spectra (FLAMES/-GIRAFFE DATA, Monaco et al. (2012)) using the classical profile fitting. EW in mÂ.

		Velocity (t>) in km/s (stellar frame). Measurements should be used cautiously due to
					sky residuals.			
	No	star	IS components	vaV(ira(iestellar frame	Tavcraqe	EW D2 data	EW DI data	EW D2 model	EW DI model
	1	506	6	-71	5111	514	386	502	
	2	1024	6	-74	15006	638	424	602	
	3	7746	6	-75	7689	441	344	437	
	4	8029	6	-80	6972	410	361	416	
	5	8332	6	-81	6764	458	378	457	
	6	8405	6	-84	5209	410	372	423	
	7	8784	6	-83	8951	652	470	612	
	8	9139	6	-74	7289	496	398	499	
	9	9254	6	-82	2806	458	411	465	
	10	9280	6	-75	10033	537	372	528	
	11	9505	6	-71	7556	583	425	563	
	12	13512	6	-75	5264	339	258	331	
	13	13810	6	-82	5528	455	346	447	
	14	28521	7	-73	6285	435	287	411	
	15	28814	6	-79	7775	424	331	426	
	16	30253	6	-81	6716	395	294	394	
	17	30699	6	-70	5513	365	292	372	
	18	30887	6	-77	7640	420	310	409	
	19	31190	6	-70	8594	384	351	405	
	20	31634	6	-78	4912	298	217	296	
	21	31672	6	-83	677	363	290	348	
	22	31931	6	-71	6052	345	251	346	
	23	32111	5	-81	9978	398	270	384	
	24	32349	6	-87	10046	442	328	442	
	25	32890	6	-76	8186	434	318	430	
	26	32992	6	-77	2587	508	354	479	
	27	33132	6	-83	15000	453	297	448	
	28	33215	6	-72	3213	389	295	385	
	29	33303	6	-72	2598	389	316	390	
	30	33349	6	-74	7806	322	215	314	
	31	33462	6	-66	5091	401	309	408	
	32	33518	6	-84	5030	309	253	315	
	33	33548	6	-76	9778	410	291	405	
	34	33744	6	-84	2636	368	293	366	
	35	33789	6	-90	2614	395	310	394	
	36	33879	6	-69	3651	394	324	399	
	37	35614	6	-78	6438	391	277	375	
	38	35854	6	-78	13812	530	380	517	
	39	36084	6	-77	8061	443	348	445	
	40	36554	6	-76	5243	399	317	401	
	41	36853	6	-83	3494	411	341	421	
	42	36867	5	-74	15000	419	304	427	
	43	37028	5	-74	9026	392	298	389	
	44	37156	6	-82	5296	349	300	355	
	45	37166	6	-82	662	414	320	393	
	46	37222	7	-75	6115	371	283	379	
	47	37934	6	-67	12517	405	290	417	
	48	38327	6	-74	6285	365	354	391	
	49	38391	6	-87	344	380	348	398	
	50	38464	6	-76	460	329	311	343	
	51	38485	5	-82	1753	397	322	395	
	52	38573	6	-75	12920	488	335	479	
	53	38597	6	-77	1965	337	280	345	
	54	39344	6	-78	4937	341	274	342	
	55	39639	7	-80	7444	470	345	453	
	56	39862	6	-83	1709	406	330	411	
	57	43701	6	-76	3897	406	364	403	

Table B

 B Table B.3: Equivalent Width (EW) of 6614 Â DIB in M4 stars spectra (FLAMES/GI-RAFFE Data, Monaco et al. (2012)) using "early-type star" DIB fitting method (without stellar model). FLAMES/UVES Data, Marino et al. (2008)) using "late-type star" DIB fitting inethod (with stellar model).TableC.l: Equivalent Width (EW) of 6196 Â DIB in GES-chameleon stars spectra (FLAMES/UVES Data) using "late-type star" DIB fitting method (with stellar rnodel).

	no 34 no 20		star star CPD	No 22 No 118 ra (deg) 245.81 ra (dcg) star 245.846 59 2636AB	No 50 star 34383 star 29065 star 34130 96 91 38391 star ra (deg) EW D2 model 548.7 dec (deg) 246 -26 ra (deg) dec (deg) 246 -27 ra (dcg) dec (deg) 1 246 -27 star ra (deg) dcc (dcg) 38951 245.9 -26.6 dec (deg) No 36 No 36 EW f (mA) EW ci(m) -26.47 41.30 41.82 dcc (deg) EW f (mA) EWcj(m) RAJ2000 DECJ2000 -26.559 58.353 71.507 10:45:20.573 -59:42:51.25	EW DI model 440.2 <*DIB EW f (mA) 0.6 60.4 "£>/B EW f (mA) 0.4 41.1 (*DIB EW f (mA) 0.4 36.4 aDl D EW f (mA) E(B-V)Elvf (OLS) 0.22 E(B-V)Bvvf (OLS) vel* (km/s) EW f 0.304	E(ES-VWf (ODR) 0.21 EW ci errEW* E(B-V)Ewf (ODR) 0.298
	35 21		CPD		23 119 245.79 245.863 59		37 37	51 35614 29171 98 34130 96 39466 -26.47 -26.558 10:45:53.720 38464 246 1 2 245.9 246 246 41.77 52.813 -59:57:03.90 388.5 -27 -27 -27 -26.6 46.53 72.458	248.3 0.6 0.5 0.4 0.3	59.5 43.1 39.5 39.0 0.22 0.275	0.21 0.270
	36 22	CPD		59		38 38 080523 24 120 245.70 245.855	52 35854 29171 34130 39739 -26.45 -26.558 10:45:53.720 38485 246 98 96 246.0 246 246 60.99 54.940 -59:57:03.90 447.1 -27 -27 -27 -26.6 65.34 78.541	320.6 0.6 0.5 207.4 0.4 0.4	38.5 56.4 45.9 35.5 0.32 0.286 2736.6	2747.2	0.31 0.281	19.1
	37 23 HDE	303	308	53 36554 29222 34167 98 70 38547 246 1 39809 245.9 246 246 -26.67 65.00 -26.557 56.521 080523 39 25 121 39 245.87 245.876 AB 10:45:53.720 -59:57:03.90 411.3 -27 -27 -27 -26.6 68.81 73.323	285.3 0.4 0.6 0.0 206.6	44.7 54.3 2.1 0.34 0.294 2596.5	2597.1	0.33 0.289	20.7
	38 24 HDE	303	308	54 36853 29272 96 34167 98 38548 246 1 39862 245.8 246 246 -26.67 40.27 -26.555 26.282 090420 40 26 122 40 245.92 245.928 AB 10:45:53.720 -59:57:03.90 686.4 -27 -27 -27 -26.6 41.69 39.318	566.7 0.4 0.5 0.7 0.4 206.6	43.9 44.8 62.7 53.2 0.21 0.140 2410.2	2407.5	0.21 0.135	18.3
	39 25				27 123 245.92 245.889 etaCar	41 41	55 36867 29272 96 34240 43 38573 246 2 40126 245.9 246 246 -26.66 47.58 -26.554 50.548 10:45:05.919 -59:40:05.93 -27 -27 -27 -26.6 49.15 68.398	0.4 0.4	0.5 0.5	41.6 49.3 46.2 33.0 0.25 0.264	0.24 0.259
	40 26	HDE	303	42 42 080522 28 124 245.90 245.881 311	56 37028 29272 34240 96 96 38597 246 1 40215 245.9 246 246 -26.65 45.75 -26.553 56.900 10:45:05.919 -59:40:05.93 371.1 -27 -27 -27 -26.6 46.17 68.119	224.9 0.5 0.5 0.4 0.4 153.9	48.4 44.1 40.4 39.9 0.24 0.296 1681.1	1688.2	0.23 0.291	25.2
	41 27				29 125 245.83 245.892 HDE303312	43 43	57 37156 29282 41 39344 246 34240 96 2 41889 246.0 246 246 -26.65 42.93 -26.551 40.183 10:43:30.842 -59:29:23.80 357.5 -27 -27 -27 -26.6 45.80 64.225	0.4 0.4	240.7 0.5 0.5	44.3 52.3 47.8 73.3 0.22 0.211	0.22 0.206
	42 28		HDE	30 126 245.85 245.892 303316A	44 44	58 37166 29282 100 39639 246 34240 96 41899 245.9 246 246 -26.65 48.67 -26.547 50.915 10:43:11.178 -59:44:21.02 533.6 -27 -27 -27 -26.6 60.73 67.536	381.9 0.4 0.6 0.5 0.5	45.9 53 7 43.2 47.3 0.25 0.266	0.25 0.260
	43 29		HDE	31 127 245.86 245.950 303316A	45 45	59 37222 29397 34502 39 74 39862 246 1 42574 245.9 246 246 -26.64 45.81 -26.545 48.464 10:43:11.925 -59:44:30.42 -27 -27 -27 -26.6 47.20 63.343	0.3 0.5	0.5 0.5	35.9 50.7 45.9 0.24 0.253 46.4	0.23 0.248
	44 30	HDE	305	46 46 100629 32 128 245.90 245.861 438	60 37934 29545 96 34502 39 43701 246 1 43036 246.0 246 246 -26.64 50.64 -26.544 52.738 10:43:11.925 -59:44:30.42 473.4 -27 -27 -27 -26.6 55.70 67.216	352.3 0.5 0.5 0.6 0.6 152.4	52.2 51.9 57.8 78.4 0.26 0.275 1394.7	1404.3	0.26 0.270	24.7
	47 48 49 49 47 48 Appendix C 33 34 35 129 130 131 47 245.88 33 245.897 45 245.83 46 245.85 31 245.888 32 245.888 HDE 305438 HDE305518 HDE 305 523 080522	61 62 63 38327 38391 38464 29545 96 29545 96 56218 56757 57062 246 246 246 2 29598 93 34502 84 34579 96 1 34579 96 2 44478 245.9 246 246 246 246 246 246 -26.62 59.43 -26.542 49.635 43663 245.8 43839 245.9 -26.64 36.79 -26 63 54.97 -26.544 62.911 -26.543 55.417 10:42:43.772 -59:54:16.47 418.9 505.0 441.7 -27 -27 -27 -27 -27 -27 -27 -27 -27 -26.5 63.69 71.503 -26.6 -26.6 36.24 58.40 79.144 70.080 10:43:44.006 -59:48:17.96 10:43:44.006 -59:48:17.96	312.9 340.3 340.8 0.5 0.5 0.5 0.2 0.5 0.5 0.5 0.5 0.5 0.5 0.4 0.5 205.1 153.9	55.3 50.4 47.8 21.5 47.3 47.0 43.3 45.7 73.6 0.31 0.259 43.6 45.2 49.0 0.19 0.29 0.327 0.289 2026.4 1643.4	2042.2 1647.8	0.30 0.254 0.19 0.28 0.322 0.283	25.3 33.1
	48 34	HDE	305	50 50 110326 36 132 245.94 245.888 523	64 38485 29693 34579 44678 -26.62 -26.542 10:43:44.006 57261 246 76 96 245.8 246 246 52.58 49.879 -59:48:17.96 465.0 -27 -27 27 -26.5 56.53 75.245	325.5 0.5 0.6 0.5 0.3 -61.5	55.7 53.8 46.1 0.27 0.260 690.4	671.0	0.27 0.255	37.2
	49 35	HDE	305	51 51 100701 37 133 245.90 245.902 524	65 38547 29848 45 57631 246 34726 82 46510 245.9 246 246 -26.62 51.34 -26.542 45.126 10:43:44.006 -59:48:17.96 449.5 -27 -27 -27 -26.5 51.16 55.782	322.7 0.4 0.5 0.5 0.5 151.7	44.4 46.3 49.3 50.7 0.27 0.236 1658.5	1655.6	0.26 0.231	19.5
	50 36				38 134 245.94 245.852 HDE305525	52 52	66 38548 29848 96 35022 80 57794 246 1 47121 245.8 246 246 -26.62 58.47 -26.541 61.682 10:46:05.704 -59:50:49.45 484.2 -27 -27 -26 -26.5 60.53 86.311	367.3 0.4 0.3 0.4 0.4 44.8	42.4 27.5 38.9 45.1 0.30 0.320 1260.1	1279.6	0.30 0.315	23.8
	51 37	HDE	305	53 53 080523 39 135 245.87 245.903 532	67 38573 29848 96 35061 76 58082 246 2 47142 246.0 246 246 -26.62 46.55 -26.541 49.968 10:46:05.704 -59:50:49.45 524.1 -27 -27 -26 -26.5 51.43 69.692	404.9 0.5 -0.1 0.4 0.4 100.3	50.9 -10.4 40.6 37.7 0.24 0.261 1506.3	1515.8	0.24 0.256	24.3
	52 38				40 136 245.86 245.943 ALS15961	54 54	68 38597 29848 96 58089 246 35455 89 47719 246.0 246 246 -26.62 44.58 -26.541 47.297 10:44:11.078 -60:03:21.58 453.2 -27 -27 -26 -26.5 46.54 65.936	339.8 0.5 0.5 0.5 0.3	53.9 45.9 43.7 34.6 0.23 0.247	0.23 0.242
	69 70 71 39344 39639 39862 30209 82 58440 58482 58580 246 246 246 30345 91 30381 51 35487 87 35508 85 35571 82 48563 245.9 246 246 246 246 246 246 49088 246.0 50403 245.9 -26.62 53.73 •26.62 54.98 -26.60 43.11 10:44:11.078 -60:03:21.58 382.1 505.9 445.5 -27 -27 -27 -27 -27 -27 -26 -26 -26 -26.5 -26.5 -26.5 65.75 53.22 51.43 -26.539 38.176 54.844 -26.539 46.382 68.017 -26.538 44.949 63.261 10:44:11.078 -60:03:21.58 GES Chameleon Spectra 283.8 359.0 318.4 55 0.4 56 0.4 57 0.6 41 0.5 42 0.5 43 0.6 137 0.4 138 0.5 139 0.4 55 0.3 56 0.4 57 0.4 53 245.84 54 245.92 55 245.85 HDE 305 539 080523 207.4 39 245.896 40 245.959 41 245.897 HDE 305 539 090724 98.2 ALS18083 10:47:16.420 -60:05:39.97	41.5 41.0 58.5 45.6 50.4 52.8 40.3 50.1 37.7 33.0 47.0 35.9 0.28 0.29 0.23 2452.4 0.201 0.242 0.235 1052.1	2468.3 1038.7	0.27 0.28 0.22 0.195 0.237 0.230	25.3 31.0
	56 42	HD		93	44 140 245.85 245.926 128	58 58	72 43701 30450 35627 50462 -26.60 -26.535 10:47:16.420 58671 246 76 85 246.0 246 246 43.84 51.963 -60:05:39.97 607.8 -27 -27 -26 -26.5 53.18 67.451	432.3 0.5 0.5 0.5 0.5	48.3 49.5 44.3 34.1 0.23 0.271	0.22 0.266
	57 43	HD		93	45 141 245.84 245.912 128	59 59	73 56218 30452 89 58759 246 35688 74 50755 245.9 246 246 -26.60 61.01 50.646 -26.534 10:47:16.420 -60:05:39.97 463.0 -26 -27 -26 -26.5 69.81 66.187	351.1 0.5 0.6 0.5 0.5	48.8 53.0 44.2 56.1 0.32 0.264	0.31 0.259
	74 75 76 57062 57261 57631 30549 30598 30653 35774 39 93 59411 59582 59664 246 246 246 78 45 1 35774 39 35774 84 50826 245.9 246 246 246 246 246 246 51189 245.8 51625 245.9 -26.56 48.94 -26.46 50.85 -26.45 56.62 -26.533 46.327 -26.532 46.128 -26.530 46.768 10:47:16.420 -60:05:39.97 532.5 365.5 536.9 -26 -26 -26 -27 -27 -27 -26 -26 -26 -26.5 -26.5 -26.5 60.99 57.54 54.55 62.155 66.358 64.677 080522 60 61 62 46 47 48 142 143 144 60 61 62 245.95 245.85 245.94 245.896 245.930 245.909 128 AaAb 10:47:16.420 -60:05:39.97 (FLAMES/UVES) 58 59 60 44 45 46 HD 93 HD 93 129 HD 93 129 AaAb 090418 10:47:16.420 -60:05:39.97	382.1 303.9 396.9 0.5 0.4 0.3 0.5 0.5 0.5 0.4 0.5 0.5 0.4 0.5 0.2 153.1 258.6	52.9 39.5 35.3 48.0 47.3 48.1 42.7 46.6 45.1 53.9 52.2 18.5 0.26 0.27 0.29 0.242 0.241 0.244 1864.6 3420.6	1857.7 3424.9	0.25 0.26 0.29 0.237 0.236 0.239	24.9 24.1
	61 47 HD	93	129	77 57794 30653 36215 52028 -26.45 -26.530 090719 63 49 145 63 245.85 245.854 AaAb 10:47:16.420 60462 246 87 76 245.8 246 246 44.95 61.963 -60:05:39.97 414.9 -26 -27 -26 -26.5 52.09 76.212	286.4 0.5 0.5 0.5 0.5	54.0 45.2 47.2 27.8 0.24 0.322	0.23 0.317
	62 48	HD	93	129	64 64 090418 50 146 245.85 245.917 B	78 58082 30675 80 60508 246 36356 80 52176 246.0 246 246 -26.44 36.70 -26.528 48.277 10:47:16.420 -60:05:39.97 447.7 -26 -27 -26 -26.5 43.52 69.228	324.6 0.4 0.4 0.5 0.5 260.1	47.0 41.5 52.3 52.4 0.19 0.252 3389.6	3381.5	0.19 0.247	28.5
	63 49	HD	93	129	65 65 090719 51 147 245.86 245.838 B	79 58089 30711 39 36929 89 60599 246 1 52377 245.9 246 246 -26.44 54.13 -26.527 45.426 10:47:16.420 -60:05:39.97 471.0 -26 -27 -26 -26.5 58.76 61.903	305.8 0.4 0.7 0.4 0.5 205.9	37.6 63.5 39.7 57.3 0.28 0.238 2719.5	2723.5	0.28 0.232	37.7
	64 50	HD		93	52 148 245.84 245.837 130	66 66	80 58440 30711 39 63647 246 36942 98 1 53306 245.8 246 246 -26.44 47.36 57.103 -26.527 10:47:16.420 -60:05:39.97 394.9 -26 -27 -26 -26.5 52.33 76.522	276.1 0.5 0.6 0.5 0.4 153.1	48.6 59.2 46.4 35.4 0.25 0.297 1811.3	1815.0	0.24 0.292	19.6
	65 51	HD	93	146	67 67 080522 53 149 245.84 245.862 A	81 58482 30711 84 63900 246 36942 98 53956 245.8 246 246 -26.44 37.94 -26.525 54.083 10:47:16.420 -60:05:39.97 443.3 -26 -27 -26 -26.5 37.56 69.772	338.0 0.5 0.7 0.3 0.5 207.4	50.1 62.6 28.9 42.1 0.20 0.282 2357.8	2367.7	0.19 0.277	19.6
	66 52	HD	93	146	68 68 100630 54 150 245.93 245.921 A	82 58580 30719 37215 54308 -26.44 -26.525 10:47:16.420 64263 246 78 87 245.9 246 246 50.10 53.643 -60:05:39.97 454.6 -26 -27 -26 -26.5 51.94 72.378	336.1 0.5 0.4 0.5 0.6 97.5	55.6 42.3 51.3 58.2 0.26 0.279 883.1	882.8	0.26 0.274	25.8
	67 53	HD	93	146	69 69 100702 55 151 245.90 245.900 A	83 58671 30751 37856 54546 -26.44 -26.523 10:47:16.420 65049 246 76 85 246.0 246 246 51.26 46.868 -60:05:39.97 378.6 -26 -27 -26 -26.5 65.47 64.881	320.4 0.5 0.5 0.5 0.3 97.5	55.3 46.0 49.3 44.9 0.27 0.245 356.3	335.1	0.26 0.240	37.9
	68 54	HD	93	146	70 70 110417 56 152 245.95 245.978 A	84 58759 30924 41 65181 246 38075 89 54711 245.9 246 246 -26.43 57.56 -26.522 50.157 10:47:16.420 -60:05:39.97 509.5 -26 -27 -26 -26.5 65.84 67.444	396.8 0.4 0.4 0.1 46 8	46.8 41.1 9.5 0.30 0.262 652.0	657.3	0.29 0.257	19.3
	69 55	HD	93	146	71 71 100702 57 153 245.88 245.917 B	85 59664 30924 100 65198 246 38383 87 55996 245.9 246 246 -26.43 56.40 51.471 -26.521 10:47:16.420 -60:05:39.97 389.5 -26 -27 -26 -26.5 63.72 74.308	337 5 0.5 0.3 0.5 0.5	50.7 32.5 45.7 56.4 0.29 0.268	0.29 0.263
	70 56	HD	93	146	72 72 110417 58 154 245.93 245.924 B	86 60462 30933 38399 57318 -26.43 -26.521 10:47:16.420 65318 246 87 87 245.8 246 246 48.17 52.055 -60:05:39.97 392.1 -26 -27 -26 -26.4 50.29 74.961	274.5 0.4 0.5 0.4 0.3	42.6 43.2 39.7 29.0 0.25 0.271	0.25 0.266
	71 57	HD		93	59 155 245.96 245.891 160	73 73	87 60508 31015 82 65739 246 38896 39 1 58756 245.9 246 246 -26.42 50.32 -26.521 36.232 10:47:16.420 -60:05:39.97 459.6 -26 -27 -26 -26.4 54.65 46.550	339.1 0.4 0.4 0.5 0.4 153.1	45.1 41.1 45.7 32.8 0.26 0.191 1694.7	1702.7	0.26 0.186	21.8
	72 58	HD		93	60 156 245.85 245.853 160	74 74	88 60599 31306 43 65824 246 38896 39 58771 245.9 246 246 -26.42 44.19 -26.520 67.449 10:47:16.420 -60:05:39.97 436.4 -26 -27 -26 -26.4 53.83 89.633	330.2 0.4 0.5 -0.3 0.5 152.4	43.8 43.5 -25.2 50.2 0.23 0.350 1896.3	1899.9	0.23 0.345	20.3
	73 59	HD	no 93	161	75 75 080522 61 157 245.84 245.915 A	89 63647 31306 85 65935 246 38896 84 59373 245.9 246 246 -26.41 49.16 -26.520 46.783 star ra (deg) 393.7 -27 -26.4 -27 -26 58.41 68.373 dec (deg) 319.6 0.4 0.6 0.4 0.4 EW f (mA) 41.0 52.5 39.4 44.5 0.26 0.244 10:47:16.420 -60:05:39.97 207.4 2668.4	0.25 0.239 e(b-v)£:w f 2677.2	22.0
	74 60	90 63900 31376 45 65939 246 42490 74 60378 245.8 246 246 -26.41 46.82 -26.519 55.752 105257-771509 76 76 Cl 62 158 245.84 245.839 GES 10 HD93161 AB i 10:44:08.840 -59:34:34.49 376.4 -27 -27 -27 -26.4 43.89 73.147 163.24	236.8 0.4 0.5 0.5 0.5 -77.25 98.9	46.6 47.2 50.2 42.3 0.24 0.290 11.51 950.2	0.23 960.2	0.24 0.285	26.1
	75 61	91 64263 31376 42620 63713 -26.59 -26.519 105807-765308 66076 77 246 78 72 77 246.0 246 246 39.22 43.205 Cl 63 159 246.03 245.892 GES 12 HD93161AB 2 10:44:09.080 -59:34:35.30 449.9 -27 -27 -27 -26.6 33.97 55.750 164.53 -76.89 0.6 346.3 0.5 0.5 0.6	59.8 48.3 43.2 64.2 0.21 0.226 10.81	0.21	0.20 0.221
	76 62	HD		3 93	92 65049 31532 98 43370 51 66136 246 1 63988 246.0 246 246 -26.58 50.35 -26.519 43.656 105614-773056 78 78 Cl 64 160 246.00 245.910 GES 07 162 10:44:09.080 -59:34:35.30 417.6 -27 -27 -27 -26.6 55.20 60.908 164.06 -77.52 0.4 266.0 0.4 0.6 0.6 153.1	43.5 40.7 52.7 43.2 0.26 0.229 2487.7	2481.8	0.26 0.223	27.5
	77 63	HD		4 93	93 65318 31532 98 66304 246 44243 93 64321 246.0 246 246 -26.57 59.25 -26.518 42.396 110022-774538 79 79 Cl 65 161 246.02 245.949 GES 03 162 10:44:09.080 -59:34:35.30 699.5 -27 -27 -27 -26.6 56.09 51.444 164.06 -77.52 0.4 632.9 0.7 0.4 0.5 206.6	43.4 67.3 41.7 52.9 0.31 0.222 2932.5	2959.8	0.30 0.217	28.2
	78 64	HD		5 93	94 65824 31617 44595 64416 -26.55 -26.517 105749-762649 66558 80 246 78 74 80 246.0 246 246 43.54 48.750 Cl 66 162 246.04 245.864 GES 16 162 10:44:09.080 -59:34:35.30 370.3 -27 -27 -27 -26.6 50.73 72.489 164.06 -77.52 0.4 263.6 0.5 0.3 0.3 205.9	44.9 48.2 24.6 38.5 0.23 0.255 3051.5	3051.6	0.22 0.249	28.3
	79 65	HD		6 93	95 65935 31651 44616 65287 -26.54 -26.514 110022-774538 66764 81 246 91 76 81 246.0 246 246 42.39 48.846 Cl 67 163 246.01 245.842 GES 03 190 10.44:09.080 -59:34:35.30 483.6 -27 -27 -27 -26.5 44.58 65.881 165.09	322.7 0.4 0.5 0.5 0.3 -77.76 45.5	42.1 45.6 43.7 34.5 0.22 0.255 1426.7	1444.3	0.22 0.250	36.3
	80 66	HD		7 93	No 96 65939 31665 96 45163 98 65456 -26.52 -26.512 105614-773056 star 67406 82 246 1 1 82 246.1 246 EW D2 model 439.0 -27 -27 246 -27 -26.5 45.70 51.08 51.493 65.747 Cl 68 164 246.05 245.863 GES 07 164.06 -77.52 EW DI model 316.5 0.5 49.2 0.6 53.6 0.4 39.6 0.3 16.6 0.24 0.269 204 10:44:09.080 -59:34:35.30 260.9 3075.0	3079.3	0.23 0.263	22.1
	81 67	HD		8 93	1 97 66076 31665 96 45163 98 67707 506 246 2 65920 246.0 246 246 -26.52 45.23 -26.512 50.275 110206-781600 83 83 Cl 69 165 246.02 245.838 GES 01 204 10:44:09.080 -59:34:35.30 645.4 462.3 -27 -27 -27 -26.5 43.97 72.515 164.06	494.3 314.9 0.4 0.5 0.6 0.5 -77.52 97.5	39 2 43.2 53.8 44.6 0.24 0.262 865.0	849.2	0.23 0.257	23.1
	82 68	9 HD93205		2 98 66136 31665 96 67796 1024 246 45895 72 65947 246.1 246 246 -26.52 48.40 -26.512 46.632 110022-774538 84 84 Cl 70 166 246.09 245.899 GES 03 HD93204 10:44:32.336 -59:44:31.00 637.3 468.2 -27 -27 -27 -26.5 50.63 69.978 164.06	441.0 346.5 0.4 0.5 0.6 0.4 77.52 202 2	42.3 48.2 54.1 38.9 0.25 0.244 2426.3	2412.6	0.25 0.239	16.6
	83 69		X		3 99 66304 31803 45 68022 7746 246 46253 89 66076 246.0 246 246 -26.52 40.69 -26.511 47.277 110200-753559 85 85 Cl 71 167 246.03 245.911 GES 20 ARV2008 99 10:44:32.336 -59:44:31.00 472.4 498.4 -27 -27 -27 -26.5 44.24 65.681 165.50	343.4 330.2 0.5 0.5 0.4 0.6 -75.60	47 9 51.3 36.8 59.2 0.21 0.247 3.31	0.05	0.21 0.242
	84 70	HD		93	4 66558 31803 87 67398 -26.52 -26.509 110200-753559 8029 86 246 86 246.1 246 42.64 55.265 Cl 72 246.04 245.846 GES 20 205 10:44:32.336 -59:44:31.00 518.7 -27 -27 -26.5 51.27 67.380 165.50 -75.60 0.4 0.3 260.9 378.7 0.4	44.8 36.0 26.3 0.22 0.288 3183.7	3181.7	0.22 0.283	24.0
	85 71	HD		93	5 66764 31845 39 68085 -26.51 -26.509 105614-773056 8332 87 246 1 87 246.1 246 48.75 50.394 Cl 73 246.08 245.841 GES 07 205 10:44:32.336 -59:44:31.00 509.1 -26 -27 -26.5 61.60 60.855 164.06 -77.52 0.4 0.3 313.6 352.4 0.6	39.6 59.3 22.2 0.25 0.263 3951.9	3955.3	0.25 0.258	25.1
	86 72	HD		93	74 246.04 245.871 GES Cl 205	6 67406 31845 39 -26.50 -26.508 110605-762953 8405 88 246 47.87 246 49.083 15 10:44:32.336 -59:44:31.00 451.1 -26 -27 45.09 68.300 164.06	318.8 0.5 150.9 0.5 -77.52	47.6 49.8 0.25 0.256 1812.8	1793.0	0.24 0.251	19.7
	7 8 67707 67796 31845 84 32055 43 -26 50 -26.507 110542-770819 8784 9139 89 246 90 246 41.90 246 246 41.970 09 10:44:33.740 -59:44:15.46 686.9 531.6 -26 -26 -27 -27 47.99 57.038 166.43 -77.14 0.5 0.3 Table B.5: Equivalent Width (EW) of 6614 Â DIB in M4 stars spectra (FLAMES/-485.3 391.0 48.4 35.2 75 0.6 56.0 76 0.5 51.6 87 246.07 0.22 0.21 73 245.881 0.220 0.215 GES Cl HD93205 HD93204 88 246.07 -26.48 48.22 52.17 0.25 0.25 74 245.904 -26.506 45.788 62.790 0.239 0.234 GES Cl 110542-770819 09 166.43 -77.14 X ARV2008 99 10.44:33.740 -59:44:15.46
	9 10 68022 31672 32055 80 32121 70 -26.47 -26.506 110605-762953 9254 9280 91 246 92 246 47.63 246 246 51.679 15 10:44:33.740 -59:44:15.46 521.7 542.4 -26 -27 -27 -27 42.01 72.710 166.52 Table B.6: Equivalent Width (EW) of 6614 À DIB in M4 stars spectra (FLAMES/-384.8 404.0 0.5 54.3 0.5 52 1 77 0.5 48.4 78 0.4 42.2 89 246.08 0.25 0.24 75 245.902 0.269 0.264 GES Cl -76.50 HD 93 222 206.6 2140.9 2138.4 20.0 90 246.09 -26.46 34.72 42.05 0.18 0.18 76 245.920 -26.503 52.362 60.749 0.273 0.268 GES Cl 110542-770819 09 166.43 -77.14 HD 93 249 10:44:33.740 -59:44:15.46
	11 12 36084 56757 32151 72 13512 9505 246 246 32317 76 -26.46 55.70 246 246 -26.502 47.362 110655-760259 93 94 18 10:44:33.740 -59:44:15.46 662.9 383.1 -27 -26 -27 -27 54.53 64.120 166.73 -76.05 0.4 0.4 GIRAFFE Data, Monaco et al. (2012)) using "late-type star" DIB fîtting method (with 458.8 304.3 39.5 44 2 79 0.6 53.9 80 0.5 51.7 91 246.08 0.29 0.28 77 245.934 0.247 0.242 GES Cl 9.10 0.17 HD 93 249 92 245.81 -26.54 78 245.850 -26.500 51.832 70.389 0.270 0.265 GES Cl 110726-751438 22 166.86 -75.24 HD 93 249 10:44:33.740 -59:44:15.46
	13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 star 506 1024 7746 8029 8332 59411 59582 65181 65198 65739 32347 39 32347 39 13810 28521 28814 30253 30699 30887 31190 31634 31672 31931 32111 32349 32890 32992 33132 33215 33303 33349 33462 33518 33548 33744 33789 33879 34383 35614 35854 36084 36554 36853 36867 37028 37156 37166 ra (deg) 246 246 246 246 246 246 246 246 246 246 1 246 246 32347 43 246 32347 84 246 32583 45 246 32583 91 246 32627 39 1 246 star ra (deg) -26.67 -26.497 46.240 110756-772525 No 1 2 3 4 5 95 96 97 98 99 No 05B 10:44:33.740 -59:44:15.46 619.4 428.1 443.9 461.0 458.5 433.1 423.3 315.2 398.1 402.1 420.1 482.3 477.1 517.2 546.9 417.0 446.5 357.7 436.2 353.3 455.3 395.9 442.0 439.9 505.4 482.9 539.7 491.1 446.7 461.9 472.2 450.5 383.8 422.1 dec (deg) -26 -26 -26 -26 -26 -26 -26 -27 -27 -27 -27 -27 -27 -27 -27 -27 -27 dcc (deg) 60.083 166.99 stellar rnodel). -77.42 ^DIB 465.4 238.2 319.7 302.7 299.8 299.7 292.5 183.1 291.1 255.0 272.0 341.3 325.4 339.4 405.1 298.6 313.2 268.0 290.7 258.6 308.4 286.2 341.6 343.2 359.0 365.4 376.8 358.0 287.7 323.5 346.3 339.1 273.4 269.1 EW f (mA) 0.3 28.8 0.4 39.0 0.5 47.8 0.4 40.3 0.5 0.5 48.1 0.4 41.7 0.4 41.3 0.5 54.4 0.4 44.6 0.5 51.3 0.4 41.1 0.5 46.3 0.5 49.5 0.5 49.3 0.5 45.1 0.5 46.7 nDIB 0.242 -26.45 -26.496 47.992 67.654 0.251 Cl 81 82 83 84 85 86 87 245.88 245.949 GES Cl 249 245.85 245.924 GES 110542-770819 09 166.99 249 A 080523 10:44:33.740 -59:44:15.46 -77.42 EW f (mA) 1 8460 245.9 -26.4 0.4 245.86 -26.43 245.928 -26.491 47.574 64.671 0.249 GES Cl 110756-772525 05B 166.99 -77.42 9.60 249 B 110325 10:44:33.740 -59:44:15.46 28.2 2 8777 245.9 -26.4 0.5 33.4 3 9156 245.9 -26.3 0.4 49.2 4 13282 245.8 -26.4 0.2 20.8 5 28007 245.8 -26.7 0.4 47.3 ra (deg) dec (deg) EW f (mA) EWci(m) E(B-V)Bvvf (OLS) 245.89 -26.43 245.959 -26.491 40.494 56.453 0.212 GES Cl 110830-774744 02 167.13 -77.80 8.94 250 93 35061 HD HD 93 HD 93 star HD 93 AB 080522 10:44:33.740 -59:44:15.46 154.6 1734.1 506 246.05 -26.39 29.28 34.40 0.16 246.02 -26.55 245.854 -26.490 51.504 72.359 0.269 GES Cl 110726-751438 22 167.13 HD 93 343 10:44:33.740 -59:44:15.46 153.1 1756.0 -77.80 1024 246.05 -26.37 40.77 46.17 0.21 246.01 -26.54 35571 245.885 -26.490 38.995 53.124 0.205 GES Cl 110957-765356 11 167.13 HD 93 343 10:44:33.740 -59:44:15.46 205.1 2505.0 • 77.80 7746 245.87 -26.40 49.83 53.14 0.26 246.04 -26.53 245.954 -26.489 55.319 71.303 0.288 GES Cl 110830-774744 02 167.13 HD 93 343 10:44:33.740 -59:44:15.46 -12.1 737.3 -77.80 49.5 6 8405 246 -26 48.3 88 32627 39 246 -27 0.5 43.0 6 28890 245.8 -26.6 0.4 47.8 8029 245.95 -26.39 41.81 43.43 0.22 245.911 -26.488 48.758 66.922 0.255 GES Cl 110830-774744 02 167.13 HD 93 403 10:44:33.740 -59:44:15.46 153.9 1864.8 -77.80 0.5 7 8784 246 -26 0.5 52.3 8 9139 246 -26 0.5 47.6 9 9254 246 -26 0.4 47.2 10 9280 246 -26 0.4 41.3 11 9505 246 -26 0.4 41.3 12 13512 246 -26 0.4 41.0 13 13810 246 -26 0.4 45.7 14 28521 246 -27 0.5 51.7 15 28814 246 -27 0.4 41.1 16 30253 246 -27 0.4 41.8 17 30699 246 -27 0.4 46.2 18 30887 246 -27 0.5 47.9 19 31190 246 -27 0.5 55.4 20 31634 246 -27 0.4 43.5 21 31931 246 -27 0.6 61.0 22 32111 246 -27 0.4 44.9 23 32349 246 -27 0.5 47.7 24 32890 246 -27 0.3 33.1 25 32992 246 -26 0.5 57.4 26 33132 246 -26 0.4 46.5 27 33215 246 -26 0.4 40.8 28 33303 246 -26 0.4 42.0 29 33349 246 -26 0.5 56.6 30 33462 246 -26 0.5 50.3 31 33518 246 -26 0.5 50.1 32 33548 246 -26 0.5 51.4 Table B.4: 93 79 94 80 95 81 no 96 82 i 97 83 2 98 84 3 99 85 4 86 Equivalent Width (EW) of 6614 Â DIB in M4 stars spectra 0.237 0.246 0.18 0.243 0.207 1727.3 19.6 0.17 E(B-VWf (ODR) 1757.1 23.2 0.263 0.15 2556.3 43.8 0.200 0.21 0.25 731.4 35.1 0.283 0.21 1866.1 16.9 0.249 No star ra (deg) dec (deg) OlDID EW f (mA) 1 5359 93 246 -26 0.5 47.0 2 19925 91 246 -27 0.5 43.3 3 20766 89 246 -27 0.5 50.7 4 21191 70 246 -27 0.6 56.2 5 21728 51 246 -27 0.6 57.5 6 22089 72 246 -26 0.4 38.8 7 24590 85 246 -27 0.4 40.3 8 25709 72 246 -27 0.4 42.2 9 26471 91 246 -27 0.4 38.5 10 26794 89 246 -27 0.5 45.5 11 27448 41 246 -27 0.5 44.3 12 27448 100 246 -27 0.5 44.1 13 28103 85 246 -27 0.6 54.8 14 28356 82 246 -27 0.5 45.8 15 28707 98 l 246 -27 0.4 34.3 16 28707 98 246 -27 0.5 43.6 17 28797 70 246 -27 0.5 47.4 18 28847 93 246 -27 0.4 42.5 89 32627 84 246 -27 0.4 42.6 90 32700 78 246 -27 0.5 47.2 91 32724 43 246 -27 0.4 42.9 92 32724 93 246 -27 0.5 43.0 93 32782 45 246 -27 0.5 44.6 94 32782 91 246 -27 0.3 30.0 95 32871 74 246 -27 0.7 63.7 96 32874 41 246 -27 0.4 41.6 97 32874 100 246 -27 0.5 44.4 98 32933 51 246 -27 0.5 52.2 99 32968 41 246 -27 0.5 44.6 100 32968 43 246 -27 0.5 47.3 101 32968 100 246 -27 0.4 39.7 102 32988 41 246 -27 0.5 51.6 103 32988 100 246 -27 0.4 39.2 104 33069 82 246 -27 0.5 43.0 105 33195 78 246 -27 0.5 45.3 106 33414 98 1 246 -27 0.5 47.4 107 33414 98 246 -27 0.1 10.8 108 33617 93 246 -27 0.5 46.7 109 33629 72 246 -27 0.4 40.9 110 33683 41 246 -27 0.5 45.4 111 33683 100 246 -27 0.4 7 28999 245.7 -26.6 8 245.8 -26.6 5 8332 245.95 -26.38 50.85 50.13 0.27 87 245.873 -26.487 42.995 64.047 0.225 GES Cl 110726-751438 22 166.86 HD 93 403 10:44:33.740 -59:44:15.46 205.9 2545.7 2541.3 21.1 -75.24 0.220 0.26 6 8405 245.91 -26.38 46.95 50.49 0.25 0.24 88 245.917 -26.480 47.137 71.643 0.246 GES Cl 110756-772525 05B 166.99 HD93403 10:45:44.122 -59:24:28.15 153.1 1554.0 1554.6 20.1 -77.42 0.241 29074 9 29411 245.8 -26.6 0.4 45.0 10 29643 245.8 -26.6 0.4 7 8784 245.90 -26.36 51.61 51.10 0.27 0.26 8 9139 245.95 -26.34 50.59 46.90 0.26 0.26 Table B.7: 89 245.908 -26.478 54.907 64.245 0.286 0.281 GES Cl 111117-762945 14B 167.83 -76.50 HD 93 576 10:45:44.122 -59:24:28.15 Equivalent Width (EW) of 6614 Â DIB in M4 stars spectra 90 245.930 -26.469 41.899 59.687 0.220 GES Cl 111117-762945 14B 167.83 -76.50 8.95 ALS 18084 10:46:53.839 -60:04:41.92 0.17 0.214 43.3 11 29729 245.8 -26.6 0.6 50.4 12 30167 245.8 -26.6 0.4 9 9254 245.92 -26.34 49.06 56.77 0.26 91 245.971 -26.468 52.090 72.661 0.272 GES Cl 110957-765356 11 167.49 HD 93 632 10:46:53.839 -60:04:41.92 208.1 2802.9 2809.0 18.2 -76.90 0.266 0.25 10 9280 245.93 -26.34 44.86 47.06 0.23 0.23 92 245.891 -26.464 59.340 71.690 0.309 GES Cl 111117-762945 14B 167.49 HD 93 632 10:46:53.839 -60:04:41.92 153 9 1848.8 1840.3 21.2 -76.90 0.303 33.7 13 30475 -26.6 0.5 48.0 11 9505 245.95 -26.32 40.17 41.26 0.21 0.21 93 245.840 -26.446 44.921 63.275 0.235 GES Cl 111221-773334 04 167.49 -76.90 QZ Car 10:46:53.839 -60:04:41.92 080522 0.230 245.7 14 30922 -26.6 0.3 0.4 12 13512 245.77 -26.38 39.29 39.74 0.21 0.20 94 38383 245.844 -26.439 53.220 74.931 0.277 GES Cl 110830-774744 02 167.49 -76.90 QZ Car 10:46:53.839 -60:04:41.92 110326 0.272 245.7 15 31364 245.8 -26.5 0.4 39.0 16 31612 245.8 -26.5 0.4 46.3 17 32014 245.8 -26.5 0.5 52.4 18 32369 245.8 -26.5 0.5 48.4 19 32823 245.8 -26.5 0.5 52.4 20 33005 245.8 -26.5 0.3 33.1 21 33263 245.8 -26.5 0.5 48.1 22 33584 245.8 -26.5 0.3 35.8 23 33744 245.8 -26.5 0.6 63.9 24 34428 245.8 -26.4 0.4 53.7 25 36015 245.9 -26.7 0.4 36.8 26 36260 245.9 -26.7 0.5 53.1 27 36514 245.9 -26.7 0.5 52.9 28 36767 245.9 -26.7 0.3 5.4 13 13810 245.76 -26.37 45.09 47.43 0.24 95 245.885 -26.439 45.785 68.540 0.239 GES Cl 111117-762945 14B 167.83 -76.50 Trumplcr 14 10:46:53.839 -60:04:41.92 98.9 1074.5 1076.7 32.3 100702 0.234 0.23 14 28521 245.81 -26.65 51.69 58.01 0.27 0.26 15 28814 245.80 -26.64 41.09 44.49 0.22 0.21 16 30253 245.80 -26.58 46.88 58.25 0.24 0.24 17 30699 245.82 -26.57 47.35 53.68 0.25 0.24 18 30887 245.82 -26.56 49.99 62.15 0.26 0.26 19 31190 245.81 -26.55 56.14 67.76 0.29 0.29 20 31634 245.80 -26.54 46.59 55.46 0.24 0.24 21 31931 245.80 -26.53 63.02 71.10 0.33 0.32 22 32111 245.81 -26.52 45.77 48.15 0.24 0.23 23 32349 245.80 -26.52 51.55 56.17 0.27 0.26 24 32890 245.81 -26.50 no star ra (deg) dec (deg) EW f (mA) EWcj(m) E(B-V)Bvvf (OLS) 96 245.912 -26.429 49.314 65.777 0.257 GES Cl 111239-771339 08 167.83 Trl6 126 10:43:59.980 -59:35:24.90 -76.50 0.252 E(B-VWf (ODR) i 245.810 -26.602 38.560 54.925 0.203 97 246.004 -26.598 53.346 69.864 0.278 GES Cl 111117-762945 14B 167.83 -76.50 Tyc8626 02506 10:44:30.218 -59:26:12.97 1 0.273 0.197 2 245.808 -26.557 49.229 68.100 0.257 98 245.993 -26.594 45.635 63.365 0.239 GES Cl 111416-781733 00 168.57 V572 Car 080522 10:44:30.218 -59:26:12.97 -78.29 0.234 0.252 3 245.819 -26.536 52.601 71.679 0.274 99 246.032 -26.574 55.720 70.015 0.290 GES Cl 111221-773334 04 168.57 V572 Car 090726 10:44:30.218 -59:26:12.97 98.9 999.0 992.4 28.2 -78.29 0.285 0.269 4 245.811 -26.513 59.702 75.902 0.310 100 44243 246.024 -26.550 44.468 61.917 0.233 GES Cl 111239-771339 08 168.57 V573 Car 090722 10:44:30.218 -59:26:12.97 -78.29 0.228 0.305 5 245.820 -26.497 46.957 58.663 0.245 101 44595 246.066 -26.541 23.992 47.439 0.128 GES Cl 111221-773334 04 168.09 -77.56 12.02 V573 Car 110417 10:44:30.218 -59:26:12.97 -115.6 1 153.1 1149.4 27.0 0.24 0.123 0.240 6 245.917 -26.651 42.483 56.247 0.223 102 44616 245.989 -26.540 45.209 65.044 0.236 GES Cl 111239-771339 08 168.17 V662 Car 100702 10:44:30.218 -59:26:12.97 100.3 2865.2 2886.4 40.1 -77.23 0.231 0.217 7 245.920 -26.623 47.049 71.788 0.246 103 45163 246.005 -26.526 43.110 56.218 0.226 GES Cl 111444-753902 21 168.17 V662 Car 110417 10:44:30.218 -59:26:12.97 43.4 2395.3 2439.3 39.2 -77.23 0.221 0.241 8 245.881 -26.605 43.465 56.635 0.228 104 45895 246.018 -26.508 56.946 74.828 0.296 GES Cl 111444-753902 21 168.17 -77.23 V662 Car 110418 10:44:30.218 -59:26:12.97 204.4 4077.7 34.6 4070.4 0.291 0.222 9 245.909 -26.599 43.869 59.395 0.230 105 5359 245.912 -26.369 55.445 68.785 0.289 GES Cl 112101-762341 13 170.26 V662Car 10:45:36.320 -59:48:23.20 -76.39 0.284 0.225 GES Cl 112101-762341 13 170.26 FO 15 10:45:36.320 -59:48:23.20 258.6 4813.0 4812.6 49.9 -76.39 34.49 34.74 0.18 0.18 25 32992 245.81 -26.50 57.87 65.19 10 245.953 -26.586 44.134 69.110 0.231 0.226 GES Cl 112550-754532 19 171.46 WR 22 090418 10:45:36.320 -59:48:23.20 44.8 634.7 649.1 30.6 -75.76 0.30 0.30 26 33132 245.79 -26.49 48.19 48.08 11 245.849 -26.575 53.487 65.913 0.279 0.274 GES Cl 112550-754532 171.46 -75.76 WR 22 090722 10:45:36.320 -59:48:23.20 101.1 1070.5 1060.2 23.0 19 0.25 0.25 12 245.973 -26.571 45.576 63.938 0.238 0.233 WR 24 090418 10:45:36.320 -59:48:23.20 367.1 4737.6 4730.5 27.1 42.0 112 33788 45 246 -27 0.4 29 36954 245.8 -26.6 0.6 60.8 27 33215 245.81 -26.49 40.41 48.73 0.21 0.21 13 245.938 -26.566 36.492 56.332 0.192 0.187 WR 24 090724 10:45:36.320 -59:48:23.20 207.4 2363.3 2360.9 30.2 37.9 113 33788 78 246 -27 0.5 30 37442 245.9 -26.6 0.4 42.9 28 33303 245.79 -26.49 43.72 48.31 0.23 0.22 14 245.974 -26.565 47.990 69.769 0.251 0.246 WR24 10:43:52.258 -60:07:04.02 44.1 114 33900 74 246 -27 0.5 32 38253 246.0 -26.6 0.5 42.4 30 33462 245.82 -26.48 51.66 57.24 0.27 0.26 16 245.946 -26.562 53.154 63.771 0.277 0.272 49.6 31 37542 245.9 -26.6 0.4 32.2 29 33349 245.71 -26.48 58.46 74.91 0.30 0.30 15 245.905 -26.564 52.331 60.982 0.273 0.268 etaCar 10:45:03.546 -59:41:03.95
	31 17		33518			19 115 245.81 245.848	33 33	47 33744 28977 33946 38411 -26.48 -26.561	37222 246 80 74 245.9 246 246 54.31 53.002	404.3 -26 -26.6 -27 -27 58.50 70.193	0.4 0.3	239.0 0.4 0.5	37.1 49.9 40.4 44.0 0.28 0.276	0.28 0.271
	32 18		33548			20 116 245.78 245.941	34 34	48 33789 28977 34006 38497 43 37934 246 85 245.9 246 246 -26.48 54.84 -26.561 47.980	434.9 -26 -26.6 -27 -27 60.90 67.673	0.4 0.4	294.4 0.5 0.5	40.7 50.1 51.4 43.9 0.29 0.251	0.28 0.245
	33 19		33744			21 117 245.81 245.900	35 35	49 33879 29027 34006 38921 -26.47 -26.560	38327 246 80 80 245.9 246 246 36.70 51.564	407.0 -26 -26.6 -27 -27 40.12 61.913	0.4 0.4	317.8 0.5 0.5	43.2 51.1 47.1 19.0 0.19 0.269	0.19 0.264

.2: Equivalent Width (EW) of 1S Nal lines in of M.4 stars spectra (FLAMES/-G1RAFFE Data, Monaco et al. (2012)) using global analysis. EW in niÂ. Velocity (u) in km/s (stellar frame). Measureinents should be used cautiously due to sky residuals. (FLAMES/UVES Data, Marino et al. (2008)) using "early-type star" DIB fitting method (without stellar model). GIRAFFE Data, Mucciarelli et al. (2011)) using "early-type star" DIB fitting method (without stellar model).
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Table D .

 D 2: EW IS Nal in Carina stars spectra (FEROS). Velocity (v) in km/s shown for the first five components. Notes: 0=failed; l=caution

	no			star					notes	IS comp.	vel i	vel 2	vel3	vel4	velavc	Ntôt
	93	HD303311				1	8	-39.2	-32.8	-32.2	-23.2	-12.0	le+13
	94	HDE		305	438		0	8	-7.7	-5.9	-3.7	-0.7	1.2	5e+12
	95	HDE	305	438	1	0	8	-7.9	-6.0	-4.2	-0.9	2.2	5e+12
	no 96	star HD305523				notes 0	IS comp. 9	vel i -36.3	vel 2 -21.7	vel[j -19.6	velu -11.4	velavc -7.7	N tôt 9e+12
	i 97	ALS HDE	15 305	207 524		0 0	12 11	-33.1 -37.6	-31.1 -33.5	-28.4 -30.0	-20.1 -31.9	-15.1 -10.4	2e+13 le+13
	2 98	ALS HDE	15 305	207 524	0	1	0 0	8 11	-32.9 -38.3	-19.8 -34.0	-21.8 -30.7	-17.7 -27.3	-11.5 -7.7	2e+13 le+13
	3 99	ALS HD305532 15 207		1		1 0	8 10	-33.5 -15.9	-19.6 -24.9	41.8 -17.0	-20.4 -7.4	-2.9 20.8	2e+13 2e+15
	4 100	ALS HDE	15 305 207 539 2		1 0	8 12	-33.1 -60.0	-19.8 -57.0	-19.2 -54.9	-250.0 -56.4	-39.2 -22.6	2e+13 le+13
	5 101	ALS HDE	15 305	207 539	3	1	0 1	12	-58.8	-56.0	-52.4	-42.8	-21.5	le+13
	6 102		Tri 6-244 HD93206				0 0	16 12	-90.8 -23.8	-88.7 -20.3	-86.8 -20.7	-86.6 -16.0	-34.3 -10.1	le+13 7e+12
	7 103	CPD-58+2611 HD93206 1			0 1	12 12	-43.8 -23.4	-36.9 -21.1	-35.7 -18.5	-30.6 -14.4	-17.1 -5.6	2c+13 7e+12
	8 104	CPD HD93206 -58	2620 2		1 1	15 12	-47.6 -24.6	-47.8 -22.4	-46.2 -20.3	-41.4 -17.5	-23.5 -10.7	le+13 7e+12
	9 105	CPD HD93206 -58 2620 3		1	1 1	15 12	-48.7 -25.4	-48.3 -23.6	-45.9 -20.8	-43.1 -17.4	-23.0 -7.0	le+13 6e+12
	10 106	CPD	-58 WR25 2620		2	0 0	16 12	-51.0 -58.6	-48.8 -31.4	-48.1 -30.0	-46.1 -30.2	-24.3 -18.3	6e+12 le+13
	11	CPD		-59	2551		1	12	-32.0	-29.4	-25.8	-20.7	-8.1	8e+12
	12	CPD	-59	2551		1	0	12	0.0	0.0	0.0	0.0	0.0	0
	13	CPD		-59	2554		0	12	-21.6	-23.4	-26.4	-22.2	-7.5	7c+12
	14	CPD	-59	2554		1	1	11	-55.9	-32.4	-24.2	-34.3	-12.1	8e+12
	15	CPD	-59	2554		2	1	12	-34.3	-16.0	250.0	-24.2	15.5	3e+15
	16	CPD	-59	2554	3	1	11	-55.8	-25.7	-24.4	-37.8	-12.1	8e+12
	17	CPD	-59	2554	4	1	11	-54.1	-16.6	-23.9	-27.3	-10.3	8e+12
	18	CPD-59+2600			0	8	-8.5	-3.7	-14.5	4.7	-0.4	9e+12
	19	CPD-59+2600		1		0			
	20	CPD-59+2600		2	1	7	-28.8	-3.5	-11.4	1.3	-2.8	le+13
	21	CPD-59+2600		3	1	7	-28.6	-4.1	-13.5	-1.9	-3.6	le+13
	22	CPD-59+2600		4	0	7	-8.5	-25.4	-0.7	0.6	-2.1	lc+13
	23	CPD		-59	2610		0	7	-20.3	-11.6	-4.5	0.6	-1.2	9c+12
	24	CPD	-59	2610		1	0	7	-19.9	-11.6	-4.7	4.0	-1.2	9e+12
	25	CPD	-59	2610		2	1	7	-7.6	-22.3	-12.1	11.3	-0.8	le+13
	26	CPD	-59	2610		3	1	7	-6.9	-21.6	-12.4	-6.0	-2.6	le+13
	27		TV16-22				0	8	-27.4	-20.6	-19.7	14.9	-35.1	2e+14
	28	Trl6-22	1				1	8	-27.2	-20.6	-19.7	-1.3	-3.2	le+13
	29	CPD-59+2635			1	12	-48.7	-39.2	-37.2	-31.5	-17.9	le+13
	30	CPD-59+2635		1		1	12	-49.6	-39.8	-37.9	-31.7	-17.9	le+13
	31	CPD-59+2636			0	8	-42.2	250.0	-35.6	-20.9	21.4	8e+13
	32	CPD-59+2641			0	8	-29.8	-32.1	-27.6	-10.5	-11.8	2e+13
	33	CPD-59+2641		1		0	8	-30.0	-30.6	-29.8	-10.1	-11.2	2e+13
	34	CPD-59+2641		2	0	8	-29.7	-27.3	-29.2	-11.1	-11.0	2e+13
	35	Feinstein97				0	12	-26.9	-22.4	-20.7	-12.4	10.9	le+13
	36		HD93128				1	12	-51.7	-39.3	-39.3	-36.9	-20.0	2c+13
	37	HD93128	1			0	12	-49.7	-39.5	-39.2	-34.2	-18.8	2e+13
	38	HD93129A				1	14	-50.7	-41.6	-40.0	-36.1	-19.6	2c+13
	39	HD93129A	1			0	15	-52.8	-41.7	-39.7	-36.2	-20.4	2e+13
	40	HD93129A	2			0	15	-42.6	-40.8	-39.2	-37.2	-19.7	2e+13
	41	HD93129A	3			1	15	-53.5	-40.3	-41.3	-35.5	-20.4	2e+13
	42	HD93129A	4			0	14	0.0	0.0	0.0	0.0	0.0	0
	43	HD93129A	5			1	15	-47.1	-42.2	-39.6	-36.4	-20.2	2c+13
	44	HD93129A	6			1	12	-40.7	-45.1	-36.3	-32.1	-16.7	2e+13
	45	HD93129A	7			1	12	-41.1	-46.0	-33.3	-30.6	-16.4	2c+13
	46		HD93130				0	16	-205.3	-28.4	-19.3	-14.4	5.5	6c-f-16
	47		HD93146				1	12	-36.4	-26.5	-23.8	-22.0	-9.5	9c+12
	48	HD93146	1			0	12	-250.0	78.0	-24.9	-16.2	-18.8	le+13
	49	HD93146	2			0	12	-28.9	-24.0	-18.8	-100.7	-15.0	9e+12
	50	HD93146	3			1	12	-26.8	-23.9	-23.0	-19.1	-8.7	9e+12
	51	HD93146	4			0	12	-16.1	-27.5	-24.7	-20.9	-8.7	8e+12
	52	HD93146	5			0			
	53	HD93146	6			0	12	-250.5	-184.0	-23.8	-17.2	-41.1	8e+15
	54	CPD	-59	2555	B	1	11	-34.5	-26.4	-22.3	-17.9	-11.5	8e+12
	55	CPD	-59	2555	B	1	0	11	-26.6	-24.8	-22.5	-18.5	-29.7	2e+15
	56		HD93160				1	15	-50.9	-55.6	-6.7	-51.3	-22.6	2e+13
	57	HD93160	1			1	15	-51.9	-55.4	-48.5	-51.1	-26.8	2e+13
	58	HD93160	2			1	19	-62.0	-53.6	-50.0	-45.6	-34.6	2e+13
	59		HD93204				0	4	-12.9	-22.5	-30.6	139.4	18.3	7e+13
	60	HD93204	1			0	12	0.0	0.0	0.0	0.0	0.0	0
	61	HD93204	2			0	12	-35.5	-37.7	-34.7	-30.5	-17.0	le+13
	62	HD93204	3			0	12	0.0	0.0	0.0	0.0	0.0	0
	63		HD93205				0	14	-91.1	-87.8	-90.3	-84.7	-37.0	2e+13
	64	HD93205	1			1	14	-86.8	-110.5	-98.6	-98.0	-40.3	lc+13
	65	HD93205	2			0	14	-94.5	-87.8	-250.0	-83.2	-48.7	lc+14
	66	HD93205	3			0	14	-87.2	-91.2	-88.2	-85.1	-37.0	lc+13
	67		HD93222				1	14	-22.7	69.5	-23.5	55.8	9.0	7c+12
	68	HD93222	1			1	14	-23.2	-23.6	-11.5	-22.9	-2.6	7c+12
	69		HD93249				0	4	-6.2	3.5	6.3	5.5	2.3	5c-f 12
	70	HD93249	1			0	4	3.0	3.9	6.2	9.5	5.6	6c+12
	71	HD93249	2			0	4	-6.0	-124.0	6.0	38.5	-21.4	5e+12
	72	HD93249	3			0	4	3.2	10.6	6.1	10.5	7.6	6c+12
	73	HD93249	4			0	4	3.0	5.0	7.0	12.7	6.9	6e+12
	74	HD93249	5			1	4	3.2	5.9	9.5	-34.0	-3.8	6c+12
	75	HD93249	6			0	4	3.0	-250.8	250.6	8.8	2.9	2e+18
	76	IID93249	7			0	4	2.2	70.8	-250.8	8.3	-42.4	3c+15
	77		HD93250				1	11	-27.9	-17.0	-13.7	-6.9	-26.1	3c+16
	78	HD93250	1			0	8	-17.3	-6.0	-14.8	-7.0	-4.4	2e+13
	79		HD93343				1	12	-37.3	-35.8	-31.5	-22.5	-13.1	9e+12
	80	HD93343	1			1	12	-42.4	-34.9	-30.9	-25.0	5.0	lc+13
	81	HD93343	2			1	12	-44.1	-35.3	-30.8	-24.6	-16.4	9c+12
	82	HD93343	3			0	12	-32.9	-44.2	-31.3	-35.1	-16.0	9c+12
	83	HD93343	4			1	12	-40.1	-35.3	-31.3	-26.5	-14.6	le+13
	84	HD93343	5			0	12	-32.8	-32.9	-31.5	-31.5	-14.6	9c+12
	85		HD93403				1	12	-26.3	-24.6	-22.3	-18.3	-7.5	le+13
	86	HD93403	1			1	12	-25.7	-24.3	-22.8	-18.3	-7.4	le+13
	87	HD		93	576			0	8	-16.6	-27.4	-16.3	-17.6	-7.8	lc+13
	88	HD	93	576	1		0	8	-16.3	-26.5	-16.7	-17.3	-7.8	9c+12
	89		HD93632				0	8	-18.7	-15.9	-11.7	-9.1	-5.1	lc+13
	90	HD93632	1			0	8	-19.6	-16.0	-11.9	-9.3	-5.5	9e+12
	91	HD303308				0	12	-33.6	-34.9	-33.1	-29.4	-19.9	lc+13
	92	HD303308	1			1	11	-41.1	-46.5	-20.2	-30.1	-12.4	le+13

Table D .

 D 3: EW IS Call in Carina stars spectra (FEROS). Velocity (v) in km/s shown for the first five components. Notes: O^failed; l=caution Table F.l: continuée!.

	no	star HD93249 spec59 INDIVID Star 5	notes i 14001684-1008136 IS comp. cname 8	vel\ IS comp. -56.2 i	X 2.80407 vel2 -43.8	Tl vel4 -26.0 0.026868 vel3 -39.8	vel\ velavc -17.2 -11.2808	Ti N tôt 9e+12 14905.7	T2	vel2	t2	EWf D2 42.3455	EWci D2 73.3917	N tôt 1.57008998E10
	no i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 100 102 103 104 105 106 15542331-4057510 15532925-4059522 08071383-4736156 15534012-4055304 11213017-7616098 15540366-4052141 S t a r s Cname star notes IS comp. vel\ vel2 vel 3 veli vela vc N tôt ALS 15 207 0 9 -40.2 -35.5 -31.3 -25.9 -15.4 2e+13 ALS 15 207 0 0 9 -40.9 -36.2 -33.0 -25.7 -15.8 le+13 ALS 15 207 1 0 9 -38.2 -35.0 -31.7 -26.4 -15.1 2e+13 ALS 15 207 2 0 9 -40.1 -35.5 -31.5 -26.4 -13.4 4e+ 13 ALS 15 207 3 0 9 -39.7 -35.5 -31.3 -26.2 -15.4 4e+13 TV16-244 1 20 -148.5 -138.0 -125.9 -122.5 -63.7 3e+13 CPD-58+2611 1 9 -92.2 -43.3 -35.2 -35.2 -22.4 le+13 CPD -58 2620 0 10 -49.5 -46.1 -32.4 -25.4 -16.3 le+13 CPD -58 2620 1 1 10 -49.6 -44.7 -33.3 -27.9 -18.5 le+13 CPD -58 2620 2 1 10 -48.2 -49.1 -32.9 -26.7 -17.8 2e+13 CPD -59 2551 1 7 -59.4 -29.4 -27.7 -9.8 -14.9 8e+12 CPD -59 2551 1 1 7 -59.5 -29.3 -27.9 -14.5 -15.5 8e+12 CPD -59 2554 0 13 -91.0 -77.9 -55.8 -28.1 -16.7 le+13 CPD -59 2554 1 1 8 -81.3 -55.8 -26.5 -108.0 -34.8 le+13 CPD -59 2554 2 0 8 -80.0 -55.7 -28.8 -23.6 -24.7 5e+12 CPD -59 2554 3 1 11 -83.3 -55.6 -37.3 -25.6 -17.5 9e+12 CPD -59 2554 4 1 11 -81.7 -56.3 -31.1 -26.4 -16.8 le+13 CPD-59+2600 0 14 -153.8 -96.2 -93.2 -89.9 0.4 le+13 CPD-59+2600 1 0 15 -152.6 -97.4 -93.3 -89.5 -3.6 5e+12 CPD-59+2600 2 0 12 -152.0 -64.2 -94.4 -87.2 6.7 le+13 CPD-59+2600 3 1 12 -159.8 -150.4 -95.4 -88.9 -10.1 le+13 CPD-59+2600 4 1 12 -151.0 -90.3 -100.5 -26.9 7.1 le+13 CPD -59 2610 1 22 49.9 -43.4 -22.9 15.3 70.5 le+13 CPD -59 2610 1 1 26 -48.3 -23.2 -20.5 -17.6 57.7 le+13 CPD -59 2610 2 1 23 -57.0 -43.3 -22.8 -15.1 42.5 2e-j-13 CPD -59 2610 3 0 23 -54.1 -41.8 -24.0 -16.7 66.2 le+13 Trl6-22 0 17 -78.3 -65.7 -57.0 -45.7 9.0 le+13 Trl6-22 1 0 18 -150.3 -83.4 -69.0 -48.0 24.0 3e+14 CPD-59+2635 1 13 -25.2 -37.2 -37.8 -30.1 -4.6 le+13 CPD-59+2635 1 1 12 -22.7 -38.4 -37.9 -31.8 -6.4 le+13 CPD-59+2636 1 11 -62.7 -36.8 -35.8 -32.1 -6.9 le+13 CPD-59+2641 1 14 -144.9 -55.7 -39.6 -31.7 19.6 2e+13 CPD-59+2641 1 0 13 -145.0 -39.5 -34.5 7.8 -4.0 3e+13 CPD-59+2641 2 1 13 -145.7 -56.8 -41.4 -32.2 15.4 2e+13 Feinstcin97 1 26 -134.2 -135.1 122.4 -48.0 29.9 2c+13 HD93249 6 i 8 -57.5 -101.7 -44.5 -26.7 -25.8 9c+12 HD93249 7 i 7 -55.3 -27.4 -19.6 -5.1 -12.0 9e+12 HD93250 i 13 -41.2 -27.8 -18.5 -5.1 8.2 3e+13 HD93250 1 i 10 -42.7 -40.3 -26.7 -5.8 14.4 3e-fl3 HD93343 i 17 -184.1 -101.9 -79.4 -63.9 -8.8 le+13 HD93343 1 0 10 -77.7 -42.7 -38.5 -32.8 -20.7 3e+13 HD93343 2 0 10 -77.5 -44.0 -37.2 -28.3 -19.0 2c+13 HD93343 3 0 10 -76.7 -43.5 -38.2 -28.3 -19.2 3e+13 HD93343 4 0 10 -77.6 -43.9 -37.5 -28.7 -19.3 3e+13 HD93343 5 0 10 -82.5 -44.0 -37.3 -28.4 -20.0 2e+13 HD93403 0 4 -5.1 2.0 2.1 11.4 2.6 2c+13 HD93403 1 1 4 -24.3 1.3 3.8 21.2 0.5 le+13 HD 93 576 1 5 -25.2 -19.6 -16.6 -16.6 -14.9 2e+13 HD 93 576 1 1 5 -21.7 -22.8 -3.8 -2.2 -9.2 2e+13 HD93632 0 8 -49.7 -44.0 -40.9 -35.3 -20.3 2e+13 HD93632 1 0 8 -50.3 -45.5 -41.0 -35.3 -20.8 3e+13 HD303308 1 22 -112.9 -108.1 -102.8 -99.7 -20.7 2e+13 HD303308 1 1 21 -113.0 -108.7 -103.0 -97.1 -20.5 2e+13 HD303311 0 6 -37.4 -32.6 -27.6 -19.4 -22.9 le+13 HDE 305 438 0 7 -50.4 -45.1 -32.2 -7.2 -7.5 7e+12 HDE 305 438 1 0 6 -49.0 -59.7 -34.1 -0.3 -19.3 7e+12 HD305523 1 5 -51.5 13.0 -5.9 4.0 -9.3 9e+12 HDE 305 524 0 19 -113.3 -99.0 -55.1 -50.3 15.0 5e+12 HDE 305 524 1 1 24 -112.3 -97.6 -53.6 -49.4 7.4 le+13 HD305532 1 20 -164.1 -160.4 -157.8 -154.2 -40.2 le+13 HDE 305 539 1 31 -91.9 -77.8 -72.0 -65.9 -21.4 2e+13 HDE 305 539 1 1 10 -76.9 -72.8 -68.6 -65.2 -49.3 2e+13 HD93206 1 11 -62.4 -45.1 -29.4 -24.4 -9.3 9e+12 HD93206 1 1 11 -62.7 -45.6 -27.8 -21.2 -9.1 9e+12 HD93206 2 1 10 -62.5 -45.5 -28.2 -23.6 -9.6 9c+12 HD93206 3 1 1 1 -62.5 -45.1 -27.7 -21.3 -8.5 8e+12 WR25 1 19 -125.9 -126.3 -88.4 -92.3 -38.6 G a i a -E S O D a t a : 6 0 L o w -E x t i n c t i o n comp. EW f D21 EW f 66141 vel1 EW f D2'2 EW f 6614** vel"* EW f 6614 tôt EWcj tôt Notes i 471 64 -5.4 64 +/-4 i 451 63 -4.7 63 +/-10 1 531 65 17.4 65 +/-16 i 451 68 -4.6 68 +/-7 i 201 57 13.3 57 + /-9 i 369 45 3.2 45 +/-7 * 11170509-7538518 i 225 83 8.7
	36	HD93128		1	10	-35.3	-32.2	-36.7	-26.1	-14.5	le+13			
	37	HD93128	1	1	11	-49.1	-38.3	-35.1	-29.5	-16.8	le+13			
	38	HD93129A	1	10	-6.6	-35.7	-33.3	-21.1	-9.9	le+13			
	39	HD93129A	1	1	10	-32.7	-37.6	-29.8	-30.0	-13.9	le+13			
	40	HD93129A	2	1	11	-52.0	-30.6	-39.1	-30.7	-16.6	le+13			
	41	HD93129A	3	]	10	-40.9	-40.1	-33.2	-18.3	-14.3	le+13			
	42	HD93129A	4	1	11	-36.7	-39.0	-33.7	-28.9	-16.3	le+13			
	43	HD93129A	5	1	11	-64.2	-39.7	-50.9	-33.2	-20.4	le+13			
	44	HD93129A	6	1	12	-66.0	-52.1	-39.8	-34.0	-21.6				

By the end of 2013, some of the GES data hâve been released. Figure4.2 shows the

Figure 17.3: Interstellar absorption profiles observed in HD93403 spectrum.

Figure 17.4: Interstellar absorption profiles observed in HD93128 spectrum.

Figure 17.6: Interstellar absorption profiles observed in HD303311 spectrum.

Figure17.9: Interstellar absorption profiles observed in HD93250 spectrum.

Figure 17.11: Interstellar absorption profiles observed in HD93160 spectrum.

Figure17.12: Interstellar absorption profiles observed in HD303308 spectrum.

& Cipolla(1999). Another alternative is to use two consecutive fits: the polynomial,
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DIB-E(B-V) Relationships

Although, we do not know the carriers of DIBs yet. It is generally accepted that some of the DIBs correlate well with E(B -V) or reddening or extinction (Herbig, 1993).

A DIB can also has a good relationship with some other DIBs as a DIB family (see Krelowski & Walker, 1987). Some of the DIBs may also hâve a good relationship with interstellar hydrogen, or carbon molécules. These relationships dépend on the interstellar environment which influences the DIB carriers. For example, the (molecular) DIB carriers are believed to be sensitive to UV radiation (Vos et al., 2011). Krelowski (1989) identihed two types of clouds, referred to as a and £-type. The a-type is associated with low density and/or strong exposure to UV radiation, whereas the C-type is associated with higher densities and/or more protection from UV radiation. In the saine sense, Raimond et al. (2012) obtained that using cooler target stars will reduce the number of outliers in the DIB-E(B -V) relationship because this avoids probing strong UV radiation régions from bright hot stars. In addition, Sneden et al. (1991) tried to relate DIB with the interstellar extinction law by comparing DIB with UV buinp.

Here below, we will discuss the corrélation between DIB and E(B -V) or extinction (A0) from nearby early-type target stars and distant later-type stars.

Interstellar Lines Rich Velocity Structure

By looking at the IS absorption profiles in the spectra, we notice multiple components at local (low) and high velocities. The profiles of IS Call K-H Unes are often more complex than those of the Nal D2-D1 Unes. This indicates a complex structure of diffuse ionized clouds. The high velocity features appear not only in blueshifted, but also redshifted. This is probably due to expanding sliells, with one part moves toward us (négative velocity) and other part moves away from us (positive velocity), e.g., IS profiles observed in HD303308

(see Fig. 17.12). No particular detailed analyses were performed these data apart from the radial velocity comparison detailed here below and in préparation for the inversion and the kinematic database.

Interstellar Lines Spectral Analysis and Comparison with UV Velocity Structures

We hâve applied the interstellar line global analysis (see Chapter 9) to the target stars.

In this section, we focus on three targets: HD93205, HD93222, and HD303308, which also hâve been observed at UV wavelengths (Walborn et al., 2002). We compare the velocity structures obtained from the global analysis with the ones from this previous study. Figure 17.15 shows the fitted velocity structures with the global analysis (see the pointed marks) and the velocity structures observed in UV (see the vertical lines). For HD93205, the components found from the UV spectrum are -142, -98, -89, -83, -75, -66, -58, -53, -35, -18, -3, 8, 18, 27, 35, 47, 69, 80, 88, 100, 108, 113, and 118 km/s (see orange vertical lines). For HD93222, the components are -388, -379, -372, -365, -359, -350, -115, -110, -98, -87, -81, -68, -64, -50, -44, -38, -23, -6, 6, 17, 23, 43, 65, 72, and 78 km/s (see blue vertical lines). For HD303308, the components are -175, -133, -111, -104, -91, -82, -76, -61, -41, -33, -24, -16, -3, 7. 19, 35, 50, 61, 71, 83, 90, and where g links the distribution to the resulting line-of-sight columns, but g is often not invertible. Vergely et al. (2010) presented the inversion of a sériés of discrète values of color excess measurements to obtain a 3D distribution of differential volume opacity of dust. They used the Bayesian approach of Tarantola & Valette (1982), in which the solution m is under the form of a continuons function of space. The data d and model m are both considered as random vectors that fiuctuate around prior values with a given variance:

• the line-of-sight color excess measurements on one hand for the data, for which the associated variances are the observational uncertainties;

• a prior distribution (continuous distribution) (ra0) for the model, chosen for being a realistic estimate of a smoothed distribution. The associated variances are defined by model parameters, they will influence the resulting density contrasts through the probability of departure from the prior.

Chapter 22

Comparison with Other 3D ISM Map:

IPHAS Data

Besides the inversion of color excess data directly based on individual measurernents, other attempts to map the 3D ISM distribution hâve been undertaken recently using stellar surveys. The huge quantity of targets compensâtes for the absence of spectroscopy and thus of precisely determined stellar parameters, since very large numbers of results can be combined. Among those surveys is the Isaac Newton Telescope Photometric Ha Survey (IPHAS) that has been performed with the Isaac Newton Telescope (INT) in La

Palma. The data hâve been combined line-of-sight by line-of-sight to produce high angular résolution extinction 3D maps in a narrow latitude band (±5°) about the Galactic Plane.

This chapter discusses briefly hrst. comparisons between the IPHAS-based 3D extinction (see Barentsen et al., 2014[START_REF] Drew | [END_REF], Sale et al., 2014), and the 3D dust map In order to perforai the comparison we computed integrated maps, i.e. distance-integrated dust extinction up to a selected distance from the Sun. Due to the limited IPHAS coverage and our limitation in distance, we restricted to the area mentioned above and a distance of ~1 kpc (see Fig. 22.1 and 22.2).

We can see in Fig. 22.2 the large différence in résolution between our recent 3D ISM map and the IPHAS map that is due to the comparatively very small amount of target stars