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IMAGES IV*: strong évolution of the oxygen abundance in gaseous phases of intermediate mass galaxies from z~0.8
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The Swarm intelligence algorithm A fundamental problem in modem cosmology is understanding how galaxies formed. It is widely accepted that this happened within the framework of a Cold Dark Matter (A-CDM) cosmology, whose geometry has now been determined with high précision. Observations of the first emitted photons in the Universe, the cosmological microwave background (CMB), reveal a very isotropie blackbody émission. Aft.er 380 000 years, the mass density of the Universe was almost uniform, and galaxies are thought to resuit from the growth of primordial fluctuations.

This cosmological model gives a crédible explanation of the formation of structures through the hierarchical assembly of dark matter haloes. In contrast, little is known about the physics of formation and évolution of the baryonic component of gas and stars, because the conversion of baryons into stars is a complex and poorly understood process. There are two scénarios to explain the formation of galaxies from the baryonic mass trapped within dark matter halos. In the Monolithic or secular scénario, the first galaxies are formed from the gravit.ational collapse of baryonic matter in high density dark matter haloes. The initial size of the gas cloud, the different initial interactions with the neighboring structures, and the secular accretion of pristine gas explain the variety of morphological types in the Hubble sequence. On the contrary, in the Hierarchical scénario the baryonic mass collapses first in the smaller dark matter haloes and then grows by successive merger producing bigger galaxies. In this case, the variety of local galaxy morphologies is explained by the variety of merger historiés. Observations and theoretical models converge now on a merger-driven scénario of formation of spheroids, in which elliptical galaxies are the resuit of successive fusion of disk galaxies in high density régions of the Universe (Toth and Ostriker, 1992;[START_REF] Mihos | Dense stellar cores in merger remnants[END_REF]. In contrast, the formation of disks still poses major challenges for our current understanding of galaxy évolution.

Scénario of local disk formation

Disk galaxies comprise the majority of the galaxy population in the local Universe. They represent. 70% of intermediate-mass galaxies, which in turn contribute to at least two thirds of the present-day stellar mass (e.g Hammer et al. (2005)). Since the earliest models of disk formation (Eggen et al., 1962), mostly motivated by studies of the Milky Way, disk formation is viewed as a graduai process dominated by gas accretion, as opposed to the merger-dominated formation of early-type galaxies. Forming a disk from a collapsing gas cloud requires a relativelv high angular momentum. In the 60s/70s, observations of the Milky Way suggested a scénario in which spiral disks acquired their angular momentum at an early epoeh by tidal torques induced through interactions with neighboring structures [START_REF] Peebles | Origin of the Angular Momentum of Galaxies[END_REF]White, 1984). In the modem picture of a dark-matter dominated Universe, the angular momentum is inherited from the dark matter halo as the gas collapses [START_REF] White | Core condensation in heavy halos -A two-stage theory for galaxy formation and clustering[END_REF][START_REF] Fall | Formation and rotation of dise galaxies with haloes[END_REF]. The once-formed disk then grows by further accretion from the halo and other secular processes. This theory is faced with at least three major problems. First, this scénario has been implemented assuming that the MW is représentative of local spiral galaxies. Unfortunately, Hammer et al. (2007) hâve

showrn that the Milky Way is an exceptional local spiral. The Milky Way experienced very few minor mergers and no major merger during the last 10-11 Gyrs [START_REF] Wyse | The star-formation history of the Milky Way Galaxy[END_REF][START_REF] Gilmore | The Star Formation History of the Milky Way[END_REF].

In contrast, M31 (Andromeda) has a very tumultuous history [START_REF] Ibata | A giant stream of metal-rich stars in the halo of the galaxy M31[END_REF][START_REF] Ibata | Taking measure of the Andromeda halo: a kinematic analysis of the giant stream surrounding M31[END_REF]Brown et al., 2008), as testified by the large number of stellar débris in its outskirts. Observations of galaxy outskirts at similar depths are in progress, and structures related to past merger events hâve been identified surrounding NGC 4013, NGC 5907, M 63 and M 81 (Martmez-Delgado et al., 2009;[START_REF] Barker | Resolving the Stellar Outskirts of M81: Evidence for a Faint, Extended Structural Component[END_REF]. Second, galaxy simulations demonstrate that such disks can be frequently destroyed by collisions of relatively big satellites (Toth and Ostriker, 1992), and such collisions might be too frequent for disks to survive; Third, the disks produc.ed by cosmo-logical simulations in such a way are too small or hâve a too small angular momentum when compared to the observed ones, and this is so-called the angular momentum catastrophe. The monolithic model of disk formation is difficult to incorporate into the hierarchic.al model, and in contraction to a plethora of observations. Given the high frequency of mergers, the widely accepted assumption that a major merger would unavoidably lead to an elliptical may no longer be tenable: accounting for the large number of major mergers that hâve apparently occurred since z ~3 would imply that ail present-day galaxies should be ellipticals. Motivated by the observational evidence, Hammer et al. (2005) proposed an alternative scénario for the formation of local disk, the spiral rebuilding scénario where disks are formed from gas-rich mergers at intermediate redshifts.

Diagnosing the ISM and stellar content of distant galaxies

The study of the interstellar medium (ISM) and the star formation history (SFH) are important tools to shed light on the processes that hâve led to the formation of présent disks. On the first hand. the ISM keeps imprints of the different processes that can affect galaxies, such a the secular star-formation, feedback from supernova or AGN, and any kind of interaction between the galaxv and its environment -secular accretion of gas from cosmic filaments or interaction with other galaxies -see Fig. 1. On the other hand, the study of stellar populations in galaxies gives important dues on how galaxies hâve assembled their stellar mass. Many works hâve put forth evidence for the fundamental rôle of stellar mass in galaxy évolution. Indeed, the stellar mass is found to correlate with many galaxy properties, such as luminosity, gas metallicity, color and âge of stellar populations, star-formation rate, morphology, and gas fraction, to enumerate a few of them [START_REF] Brinchmann | The Mass Assembly and Star Formation Characteristics of Field Galaxies of Known Morphology[END_REF]Bell et al., 2003;Kauffmann et al., 2003a;Tremonti et al., 2004;[START_REF] Bell | Star Formation and the Growth of Stellar Mass[END_REF]. During my thesis, I hâve investigated the different, méthodologies to dérivé properties of the ISM (Introduction, Chapter 1) and stellar populations (Introduction, Chapter 2). I dedicate the three first chapters of this report to this topic and I hâve focused, in particular. on the spécifie issues inhérent to distant galaxy observations (Introduction. Chapter

3).

The central rôle of mergers in the formation of local disks

Understanding the évolution of galaxies as a function of look-back time requires observing galax ies at different epochs in order to constrain the évolution of theirs fundamental quantifies. In the framework of the study of disk formation, we hâve carried out a large observational program, IMAGES, to dérivé the main properties of the local disk progenitors at 2 ~0.6. We hâve investigated the évolution of well-established scaling relations up to z-1, such as those between mass and gas metallicity, the Tully-Fisher relation, and galaxy morphology (Part I -Chapter 1). Within the IMAGES team, I hâve been responsible for the study of integrated properties from integrated spectroscopy (Part I -Chapter 2,3). The central part of this report deals with the properties of the ISM at z=0.6 and the implications of their évolution on constraining galaxy évolution scénarios (Part I -Chapter 3). I hâve also investigated the issue of stellar mass and star formation history estimations in distant galaxies using integrated spectra. and broad-band spectroscopy (Part I -Chapter 5).

Investigating the physics of first galaxies with the new génération of instruments

The study of the évolution of galaxies at larger look-back time will require similar observations from large surveys of high-z galaxies. Although galaxies at higher redshift hâve been already detected, the limitation on the spatial résolution and the low signal-to-noise of the observations and the strong bias on the representativeness of these galaxies prevent us from having a con sistent snapshot of galaxy properties at look-back time superior to ten Gyr. During the next decade, such observations will be possible thanks to the advent of a new génération of instru ments, such as the European-Extremely Large Telescope (E-ELT). In this framework, I had the opportunity of working on the phase-A of OPTIMOS-EVE a fiber-fed visible to near infrared multi-object spectrograph designed for the E-ELT instrument (Part III -Chapter 1). My work in the OPTIMOS-EVE) consortium was to define a strategy to résolve the critical issue of sky subtraction for faint object spectroscopy in fiber-fed instruments (Pari-III -Chapter 2).

Evaluation of the systematics from host galaxies in cosmology with SN la

In parallel to the topic of the study of distant galaxies, I hâve applied the method described in Introduction part -Chapter 1&2 to the study of the properties of SN la hosts. During the last decade, SNe la were used as cosmological standard candies. The observations of SNe la led to the discovery of the accelerating expansion of the Universe and dark energy. They are now key tools in the future cosmology experiments to unveil the nature of dark energy7. However, subtle systematic uncertainties stemming from our limited physical knowledge of SNe la progenitor stars are currently the major obstacles to fully exploit the potential of SNe la in cosmology. One approach to get new insight into the properties of SN la progenitors is to focus on their host galaxies. 3D spectroscopy allows us to map the physical properties of their hosts. By analyzing in detail the spatial distribution of the kinematics, metallicity, extinction, star formation, électron density, as well as the way they are inter-related, the physical and Chemical properties of the gaseous phase in these galaxies can be deduced, and constrains on SN la progenitors established (Part II -Chapter 1). In collaboration between GEPI-Observatoire de Paris and the CENTRA-Institute Superior Tecnico of Lisbon -Portugal, I hâve started a project to study SNe la host galaxies in the local Universe. We hâve observed a sample of nearby SNe la hosts with the widefield PMAS Intégral Field Unit to dérivé the properties of the gas and the stellar populations in the immédiate vicinity of the SN. I présent here the preliminary results from a pilot study carried out in November 2009 at Calar Alto Observatory (Part II -Chapter 2).

The ISM and stellar population properties from integrated spectroscopy "Ce ne sont pas seulement des lignes pour moi, chaque nouveau spectre ouvre la porte sur un nouveau monde merveilleux.

C'est presque comme si les étoiles lointaines avaient acquis le don de parler et étaient capable de raconter leurs conditions physiques et leur constitution"

by Annie Jump Cannon Chapter 1

How to dérivé the properties interstellar medium?

of the Chapter 1. How to dérivé the properties of the ïnterstellar medium?

it is not the only one. Photoionization by active galactic nuclei and ionization produced by radiative shocks in violent star-forming épisodes can contribute a large fraction of the observed émission spectrum. These two sources cannot be neglected when characterizing the properties of the ISM (Section 1.3).

I hâve used the diagnostic described in this chapter to characterize the activity of distant galaxies observed with long-slit spectroscopy (Part I, VLT/FORS2) and intégral field spectroscopy observations of local SNe la hosts (Part II, Calar Alto/PPAK).

Radiation mechanisms in HII régions

This section briefly describes the physical processes that lead to the characteristic visible HII spectrum. For more details on the radiation mechanism, the reader can consult textbooks such as "Astrophysics of Gaseous Nebulae and Active Galactic Nuclei" by Osterbrock (1989) and "The Physics and Chemistry of the ïnterstellar Mediumby [START_REF] Tielens | The Physics and Chemistry of the Interstellar Medium[END_REF].

HII régions are induced by massive stars, type O and B, located in their nebulae cocoon.

Due to their verv high surface température, T* > 3 x 104AT, massive stars émit a very energetic radiation, mainly in the ultraviolet domain. This energy is transferred to the surrounding gas via photoionisation. The photons with energy higher than the hydrogen potential (E> 13.6 eV) ionize hydrogen atoms and other éléments présent in the interstellar medium, such as oxygen, nitrogen and carbon. The collisions between free électrons, électrons &; ions distribute the residual energy and heat the gas up to T ~ÎOOOOA' following a Maxwell-Boltzmann velocity distribution. These collisions excite the ions which decay producing recombination lines. The free électrons eventually recombine with ions. The excited atom created in the recombination process quickly cascades to the ground State emitting several low-energy photons through radiative transition processes. The HII région fluoresces by converting the stellar ultraviolet light to lower-energy photons, with the bulk of radiation escaping through the Hydrogen rec.ombination lines (e.g. the visible Balmer lines Ha A6563Â , H (3 A4861Â ,iTyÀ434lÂ).

The éléments heavier than hydrogen such as Hélium. Néon, Oxygen and Nitrogen are also ionized. However, due to the low density of the interstellar medium, these éléments émit in majority forbidden lines (e.g. [OIIJA3727Â, [OIII]À5007Â , [NII]A6583Â ). Indeed, the collision between électrons and ions excite low energy levels. As the ISM has a low density (Ne < 104 cm3), de-excitation by collision is improbable and de-excitation by radiative transfer of transitions with low transition probabilitv become possible.

A typical optical spectrum of an HII région is composed by the sériés of hydrogen recombi nation émission lines and forbidden lines of metals with several degrees of ionization, as shown in Fig. 1.1. The intensity of émission lines is ruled by the atomic physics and the conditions of the gas: degree of ionization, the shape of the ionizing radiation and the relative abundance of the metals. I will describe in detail the different diagnostics and the related physics in the next sections.

Extinction

The extinction is a key parameter in the study of the ISM. The dust causing the extinction accounts for 1% of the total mass of the ISM matter. Dust grains are composed of heavy éléments formed during the Chemical évolution of galaxies and it is thus an important parameter to study the mechanisms occurring in galaxy évolution. Secondly, dust is the main source of opacity in the ISM and drives the spectral energy distribution of the ISM. Before deriving any physical quantity from the émission lines. it is necessary to evaluate the amount of extinction due to dust. For details on dust properties, composition and cycle, the reader is refered to "Astrophysics of Gaseous Nebulae and Active Galactic Nuclei" by Osterbrock (1989) and "The Physics and Chemistry of the Interstellar Medium'' by [START_REF] Tielens | The Physics and Chemistry of the Interstellar Medium[END_REF], [START_REF] Draine | Interstellar Dust Grains[END_REF], [START_REF] Mathis | Interstellar dust and extinction[END_REF], [START_REF] Kruegel | The physics of interstellar dust[END_REF] "The Physics of Interstellar Dustr.

1.2.1

The dust

Dust absorbs and scatters part of the light emitted by the astrophysical objects. At a given wavelength, the light coming from an emitting source is dimmed when Crossing the interstellar dust: h = hoe~T> (1.1) where I\o is the intensity of the light emitted and t\ is the optical depth at a given wavelength.

The absorption dépends on the wavelength: at a given dust and gas column, more light is scattered in the blue than in the red. This phenomenon, called interstellar reddening. is due to the physical properties of the dust, mainly the dust grain dimension. In a first approximation, we can consider that the properties of the dust are homogeneous in ail régions of the ISM. The optical depth can thus be decomposed into two components: rA = c/( A) (1.2) where c is the amount of extinction, or excess of color E(B-V) defined as the différence of total extinction in B and V bands A[B) -A(V), and /(À) is a standard extinction law. The extinction law is not universal. It dépends on the dust physical conditions in the observed région. However, [START_REF] Mathis | Interstellar dust and extinction[END_REF] lias shown that it can be parametrized by a total-to-selective ratio Ry, over 0.1-2pm, see illustration of the parametrization in Fig. 1.2. Rv dépends on the environment traversed by the line-of-sight (Cardelli et al., 1989). The standard value in the Milky way is Ry= 3.1 w'hile in dense clouds Ry hâve higher values. The extinction can thus be expressed as a function of the color excess E(B-V) and the total-to-selective ratio Ry:

A E(B -V)xRv Ay = (1.3) In the case of extragalactic objects, two extinction sources hâve to be considered. The intrinsic extinction from the extragalactic object and the extinction of the Milky Way on the line-of-sight. The later source of extinction is easily corrected using maps of galactic dust from Chapter 1. How to dérivé the properties of the interstellar medium?

Figure 1.2: Interstellar extinction curves of the Milkv Way (Ry= 3.1,4.4), SMC, and LMC. In the Milky Way, the standard value for the diffuse ISM is Ry=3.1 while dense clouds, such as Orion nebulae, hâve higher values (Ry= 4.4). Both Magellanic clouds hâve lower values of Ry because their ISM are diffuse and hâve low metallicity (Pak et ai, 1998). [START_REF] Schlegel | Maps of Dust Infrared Emission for Use in Estimation of Reddening and Cosmic Microwave Background Radiation Foregrounds[END_REF] and a galactic extinction law [START_REF] Fitzpatrick | Correcting for the Effects of Interstellar Extinction[END_REF]. Nevertheless, distant galaxies are usually observed in cosmologic.al fields located in régions of the sky almost devoid of galactic dust along the line-of-sight and it is therefore useless to apply such a correction.

Balmer décrément

The détermination of the intrinsic extinction of a galaxy can be performed using the method called Balmer décrément. This method is based on the assumption that the ratio of Balmer Unes, emitted during recombination processes, dépends only and weakly on température (Osterbrock, 1989). In the idealized Case B recombination, the HII régions are considered to be optically thick media in which ail the Lyman photons are reabsorbed by hydrogen atoms and then reemitted as photons of the Balmer sériés. Given this assumption, the population of the exited levels of hydrogen dépends weakly on the électron density and électron température. The ratios of Balmer lines are thus defined by the laws of atomic physic, see Table 1.2.2. Knowing the theoretical ratio between two Balmer lines it is possible to infer the extinction comparing it to the observed ratio of the two lines.

7(Al) = /o(Ai)10-cf/(A1)-/(A2)l /( A2) /o(A2) (1)(2)[START_REF] Ramsay | Non-thermal émission in the atmosphère above mauna kea[END_REF](4) The color excess is thus given by :

-/ nn {Robs\ 12 c = [/(Ai)-/(A2)]

( 1.5) where R0bs and Rintr are respectively the observed and the theoretic ratio of lines. The émission lines can now be corrected for the extinction using the following équation:

= /(A)10CX<l/(,?)-/<inf)H/<flW<A)l (1.6) where A is the wavelength, /(À) is the observed flux of the Une t.o be corrected and /(À) is the and the standard interst.ellar extinction curve, from Osterbrock (1989) 1

.3 Contamination by active galactic nuclei radiation

In star-forming galaxies the bulk of the ionizing radiation is dominated by young massive stars located in HII régions. However, some galaxies can host active galactic nuclei and thus produce large amounts of ionizing radiation. A large number of the équations to détermine physical quantities, for example the strong line diagnostic for metallicity, are based on the assumption that the émission lines arise only from the ionization of the ISM by massive stars. It is thus important to detect the galaxies that can be contaminated by AGN émission before deriving metallicities, électron température or densities. The fraction of AGN is not negligible : 27% of local galaxies host AGN [START_REF] Goulding | Towards a complété census of AGN in nearby Galaxies: a large population of optically unidentified AGN[END_REF] and the fraction increases in distant galaxies with a peak at z=2-3 [START_REF] Croom | The 2dF QSO Redshift Survey -XII. The spectroscopic catalogue and luminosity function[END_REF][START_REF] Warren | A wide-field multicolor survey for high-redshift quasars, Z greater than or equal to 2.2. 3: The luminosity function[END_REF][START_REF] Fan | High-Redshift Quasars Found in Sloan Digital Sky Survey Commissioning Data. III. A Color-selected Sample at 1<20 in the Fall Equatorial Stripe[END_REF].

Active galactic nuclei galaxies host in their center an active black hole, surrounded by an accretion disk in rapid rotation. The matter is intensely heated in the aecretion disk and émit an ionizing radiation which photo-ionizes dense fast, moving clouds located at proximity to the nuclei (the broad line région). More diffuse and slower-moving clouds located at larger radii are also ionized (narrow line région). AGN are classified into three categories which dépend on the line-of-sight from which the nuclei is observed and the activity of the central black hole. see Seyfert I: The central région is visible and the spectra is composed by large recombination lines emitted by the broad line clouds and narrow lines from the narrow line région, see Fig. 1.3. Only the recombination lines hâve broad émission because the broad line région doesn't émit auroral lines, as [OU] or [OUI]. The medium of broad line clouds is to dense and thus too collisional to allow the émission of forbidden lines. The presence of multiple ionized species as NV, OVI in their spectra reveals the high energy of the ionization source that is incompatible wdth the energy produced by stellar radiation.

Seyfert II: The disk masks the central région and absorbs the lines arising from the broad line région. The spectrum is probably composed by a combination of gas glowing in response to the active nucléus and material ionized by massive stars nearby (narrow line région). The ratio of the strength of lines shows that the ionizing radiation lias characteristic électron température superior by few hundreds degrees relatively to typical HII région température.

Chapter 1. How to dérivé the properties of the interstellar medium? (3) Radiation emitted by old stellar population [START_REF] Stasinska | Can retired galaxies mimic active galaxies? Clues from the Sloan Digital Sky Survey[END_REF].

Seyfert 1 are easily discarded from star-formation dominated galaxies due to their characteristic broad Balmer lines, see Fig. 1.4. Seyfert 2 and LINERs are isolated from star-formation using diagnostic diagrams based on émission lines ratios.

The BPT diagnostic diagram

This diagnostic diagram has been created in a epoch where X-ray observations were not available.

It is based on the fact that collisionally excited lines -e.g [NII]-are brighter in nebulae excited by AGN radiation (higher électron température) than in HII régions. The Baldwin et al. (1981) BPT diagram is defined as the line ratio of [OUI]ÀÀ4959, 5007/^vs. [NII]À6584/i7d and has been widely used [START_REF] Veilleux | Spectral classification of emission-line galaxies[END_REF]Kauffmann et al., 2003b). Galaxies falls into two well-defined branches, see Fig. 1.5: a left branch, which is populated by star-forming galaxies and a right branch attributed to AGN dominated galaxies (with high [iV7/]À6584/if 0). Several authors hâve given observational and/or theoretical délimitation lines to classify the galaxies in the BPT diagram. More used ones are those proposed by Kauffmann et al. (2003b) based on distribution of SDSS galaxies and those of Kewley et al. (2006b) derived from photo-ionization modes. It is important to notice, that [START_REF] Stasinska | Can retired galaxies mimic active galaxies? Clues from the Sloan Digital Sky Survey[END_REF] hâve recently suggested that part of the galaxies classified as AGN according to the Kauffmann et al. (2003b) délimitation can be highly contaminated by galaxies without any AGN source which mimic the LINER émission.

Based on stellar population analysis and photoionisation models, they hâve demonstrated that a large fraction of the Systems in the right branch could be galaxies which stopped forming stars, but where the ionizing radiation could be produced by hot post-AGB stars and dwarf.

Other diagnostics

The BPT diagram is well-suit.ed for local galaxies studies, however at higher redshift the Ha and [NII] lines are reshifted to the near-infrared and therefore are difficult to observe. The diagnostic diagram based on [OII]A3727/iJAE vs [OIII]AÀ4959, 5007/HQ ratio is more adapted to redshifted galaxies. The limitation between Star-formation/Seyfert/LINER can be empiricallv calibrated from observations or from photoionization models. For instance, the délimitation between SF and AGN in the [OU\/H3 vs [OUI]/Ha diagram of Fig. 3.3 (Part II) is the limit ratio predicted by photoionization models for the maximal stellar température of 60 000K, which is the maximum température for the most massive stars. The main disadvantage of this diagnostic is its sensitivity to the extinction which affects the ratio [OU]/H (3. It is mandatory to correct the flux of émission lines from dust for this diagnostic due to the presence of the [OII]/H3 ratio.

The délimitation between AGN and star-forming galaxies are fuzzy which make the exclusion from SF sample of galaxies falling near the limit lines difficult. Other hints can be investigated for these near-limit objects, as the détection of radio or X-ray émission. In fact, the flow of the hot ionized gas in the accretion disk créâtes an intense magnetic field which can be strong enough to originate two jets of relativistic plasma. The charged particles are accelerated by the jets and émit a synchrotron radiation and infrared light. The X-ray émission originates in the inner part of the nucléus and/or in the jets. The presence of lines associated with shock process -as the NeIIIÀ3868 and OIA6300 line -and lines from high ionized species are also a good hint BPT diagram for the SDSS galaxies (Kauffmann et al., 2003b). The black symbols are starforming galaxies. The red symbols are AGN hosts according to the theoretical délimitation of [START_REF] Kewley | Optical Classification of Southern Warm Infrared Galaxies[END_REF]. It corresponds to the theoretical limit of the two ratios of lines when assuming onlv stellar photo-ionizing radiation. The blue dots, between the theoretical limit of AGN and the empirical limit of star-forming galaxies (Kauffmann et ai, 2003b) are composite SF-AGN galaxies. This category includes real AGN hosts and a fraction of no-AGN galaxies whose old stellar population mimic the line ratios produced by AGN radiation Stasirïska et al. (2008).

for AGN contamination.

Shocks and gas fall

Radiative shocks are produced by gas infall [START_REF] Cox | Accretion by the Galaxy -Effects of radiative cooling on the flow structure and infall rate[END_REF] and by gas outflow from AGN feedback or violent star formation (supernovae explosion). The interstellar medium is also affected by other source of shocks as the jets and winds associated with stellar objects.

But the contribution of these sources are faint and they are not expected to be détectable in integrated spectra where an overwhelming fraction of the light cornes from the stellar photoionizing radiation.

Shocks compress the medium, increasing the électron density, and thus raise collisional de-excitation transitions. These processes enhance low excitation levels such as [OI]A6300A

[OII]À3727A , NI À5200A relatively to hydrogen recombination lines. The ratio between the low excited transition lines and Balmer recombination lines can be used as a diagnostic to discriminate between shocked and photo-ionized gas as illustrated in Figure 1.6. Some shocks can heat the gas to very high température 104 -5.10°I< and produce the highly ionized ions [START_REF] Tielens | The Physics and Chemistry of the Interstellar Medium[END_REF]. The presence of energetic shocks can thus be inferred from the détection of émission lines such as Hel and NelII. [START_REF] Fesen | Optical emission-line properties of evolved galactic supernova remnants[END_REF].

Another way to detect gas fiow is by comparing the velocity between the émission and absorption lines ( ionized gas vs. stellar component). The velocity différence gives a good approximation of outflow velocity. It is the case for example of M82, where the gas is expelled perpendicularly to the main axis.

Emission line profiles could also be used to detect gas in-out-fall. Figure 3.4 shows a

[OIII]À5007A line with a non Gaussian profile which can be due to feedback processes. The line can be fitted by a two Gaussian profile: the first Gaussian profile arises from the bulk of the émission région and it lias the same dispersion than the other recombination lines. The second Gaussian function lias lower flux and larger velocity dispersion. The center of the line is shifted to lower velocity in this case. This component may arise from gas expelled toward our direc tion. However, gas outflow are not the only process leading to non Gaussian profile. Indeed, in integrated spectroscopy a line is compounded by the mix of lines arising from different régions of the galaxy which can hâve different velocities and brightnesses due, for example, to mergers or interactions.

Electron density and température

The physical State of HII régions can be defined by three observable properties: the électron density Ne, the électron température Te and the ion abundances. These three parameters drive the characteristics of the émission spectrum of HII régions. They can be estimated using lines ratios and équations which combine empirical relations and atomic physics. The diagnostic presented below hâve been designed for HII région studies. These results hâve to be interpreted carefully. In integrated spectroscopy of distant galaxies, the émission spectrum arises from several hundreds of HII régions having different physical States. The Ne and Te derived are not the average values among ail HII régions of a galaxy. The estimation is biased by the brightest HII régions of the galaxy. However, these observables can give some interesting dues on the physical processes taking place in galaxies. For example, in Puech et al. (2006) the authors hâve studied the distribution of the Ne in distant galaxies using VLT/GIRAFFE observations. Combining the Ne maps with high spatial resolution images from HST/ACS, they hâve identified two mechanisms that can locally increase the Ne: (1) intense star-formation épisodes in high density clouds;

(2) presence of gas inflow/outflow events that produce collisions between molecular clouds of the ISM and the infall/outfall gas.

Electron température

The électron température does not give fundamental information about the physical mechanisms occurring in galaxies, but it is a key variable for deriving the exact values of physical properties such as the abundance of species in the ISM. According to Osterbrock (1989), the typical value for the électron température of an HII région with near solar abundance is ~10 000K. This value is a good approximation and can be assumed when calculating extinction with the Balmer décrément method or électron density.

For more Te-dependent parameters, like the abundance of ions, a more accurate calculation of the température is required. Te can be determined from the ratio of émission lines from sequential stages of ionization of a single element. At visible wavelengths the ions having such configuration are [O III] ÀÀ4959, 5007/À4363Â and [N II] ÀÀ6548, 6583/À5755Â. The energylevel diagrams of these two ions are shown in figure 1.10. The température is then calculated using the stsdas/temdem IRAF task by giving a Ne and the flux ratio. It is possible to use other ions as température diagnostic, like [OU] and [SU], see table 1.2. When comparing température from different diagnostics, it is important to take into account that the various ionic émissions are not produced in the same régions of the nebulae. The HII régions hâve an "onions skiir' structure where the ionization drops ofï radially from the center to the outer régions. The electronic and température density follow this structures. Low-ionization species, like O0,S+, 0+ are produced in the outer and colder régions of the nebulae while higher-ionization species, e.g.O+2, are produced in inner and hotter régions, see Fig. 1.7. Nevertheless, highly-ionized species can be found in outer régions of nebulae. Indeed, at high distance from the nebulae center, électron température increases due to the very low Ne of the ISM. At low redshift, the ratio [SU] is usually used because it is easily detected in the red part of the visible spectra. At higher redshift, the [SU] falls in the near infrared and the [OU] diagnostic is commonly used. The [OII] ratio lias the advantage to be formed by two intense lines in starforming galaxy spectra and to fall in the visible domain for redshifts between 0.4 < z < 1.0.

However, the lines of the [OU] doublet are very close and high spectral resolution observations are required to résolve the two lines, see Fig. 1.9.

The simplest way to estimate the line ratio is measuring the lines fluxes by fitting the two lines of the doublet with a double gaussian profile. A séparation between the two gaussians of 2.783 and equal dispersion values (cr\ = 02) are assumed for the [OU] doublet, see Puech et al. (2006).The Ne can then be computed from the measured doublet ratio using the n-levels atom calculations of the stsdas/Temdem IRAF task [START_REF] Shaw | The FIVEL Nebular Modelling Package in STSDAS[END_REF]. The task computes Ne given Te and the ratio of a line doublet. The détermination of Ne hâve three main sources of error: the error on the measurement of the ratio; the saturation of the ratio as a function of Ne at low densities (Ne < 10cm-3), as illustrated in Fig. 1.9; and the dust extinction which can hide a local density peak.

[OU] H2 Osterbrock (1989). (2006) hâve derived Ne maps for 6 IMAGES galaxies using GIRAFFE (R=10000).

Metallicity

recombination line. The abundance of Ox}rgen relative to Hvdrogen, defined by log(0/H), is usually taken to measure the metallicity in the galaxy gas. Oxygen represents about half of the metals of the ISM and hâve the advantage to émit very intense lines at visible wavelengths.

The best method to dérivé the metallicity is the Te-directed method, in which the abundance is directly inferred from the électron température (Osterbrock, 1989). The température can be calculated from manv line ratios as illustrated in table 1. then to infer the O/H metallicities after correcting for unseen stages of ionization [START_REF] Pagel | The primordial hélium abundance from observations of extragalactic H II régions[END_REF][START_REF] Garnett | Electron température variations and the measurement of nebular abundances[END_REF][START_REF] Skillman | Spatially resolved optical and near-infrared spectroscopy of I ZW 18[END_REF].The final O/H ratio involves the assumption that:

O _ 0+ 0++

H ~H + H ' (1.7) The Te and derived abundance can be calculated using the stsdas/temdem IRAF task. Unfortunately, it is not possible to apply this diagnostic in ail the metallicity range. Indeed, at high metallicities the collisional lines of metals cool the gas in the far infrared and induce a decrease of the A4363A line that becomes immeasurably weak. Other ratios of lines can be used to mea sure Te in métal rich galaxies such as the [OU] AA3726, 3729 -AA7320, 7330Â ratio. In Liang et al. (2007), we hâve successfully measured direct température using this ratio in a sample of metal-rich galaxies from the SDSS, see paper in annex.

Strong line method

In the majority of cases, the metallicity cannot be measured from the direct method in galaxies because the auroral lines, such as [OIII]A4363A and [NII]A5755A, are too faint. Tô overcome this difficulty, calibrations between ratios of strong émission lines and the metallicity hâve been implemented. There is a large number of strong-line parameters in the literature and the sélection of the "best'5 strong-line method is still in debate in the community. Ail parameters hâve their advantages and drawbacks: dependence on other variables such as the ionization parameter, the spectral window of the required lines, the use of 'not so strong' Unes as Ar^Oj, and Nes02 lines.

R23 parameter

The most commonlv used strong-line ratio, is the R23 defined by Pagel et al. (1979) Extensive studies hâve been performed to calibrate the R23 parameter to the gas metallicity.

The calibrations hâve been derived using two independent approaches: an empirical method based on the comparison of the values of R23 (or another metallicity parameter) to the metal licity inferred by the T^-direct method [START_REF] Kobulnicky | Chemical Properties of Star-forming Emission-Line Galaxies at z=0.1-0.5[END_REF]Pilyugin, 2001;Pettini and Pagel, 2004;[START_REF] Nagao | Gas metallicity diagnostics in star-forming galaxies[END_REF]Liang et al., 2006b) and a theoretical method based 011 photo-ionization models [START_REF] Mcgaugh | Oxygen abundances in low surface brightness disk galaxies[END_REF]Tremonti et al., 2004) also the review from Kewley and Dopita (2002). The theoretical ratio of the lines at a given metallicity is calculated by photoionization models such as MAPPINGS [START_REF] Sutherland | Cooling functions for low-density astrophysical plasmas[END_REF][START_REF] Groves | Radiation Pressure-Dominated Photoionization. I. Model Description, Structure, and Grids[END_REF] or CLOUDY [START_REF] Ferland | CLOUDY 90: Numerical Simulation of Plasmas and Their Spectra[END_REF]. The choice of the calibration is crucial and dépends on the scientific goals and the physical properties of the galaxies studied. Indeed, abundances determined by different indicators give substantial biases and discrepancies. For example, the différence between calibrations based on électron température and photo-ionization model can reach 0.5 dex (Liang et al., 2007;[START_REF] Rupke | The Oxygen Abundances of Luminous and Ultraluminous Infrared Galaxies[END_REF][START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF]). I will discuss in detail these issues in the next subsection.

Several authors hâve pointed out that the R23 parameter is not an idéal metallicit}* diagnostic.

Indeed, the parameter is affected by three strong drawbacks. Firstly, R23 is double valued with 12-\-log{0/H) (Figure 1.11). At low metallicity R23 scales with métal abundance, but at higher metallicity (12 + log(0/H) ~8.3) gas cooling occurs through metallic lines and R23 decreases.

However, the degeneracy can be easily broken. The solution branch of the R23 vs log(0/H) can be determined by measuring an initial guess of the metallicity with another line ratio diagnostic, such as:

• The O3N2 ratio defined as [OUI]A5007/[NII]A6584 by [START_REF] Alloin | Line intensity data compilation for a sample of HII régions[END_REF];

• The N2 ratio: [NII]À6584/i7a by [START_REF] Storchi-Bergmann | Ultraviolet to near-infrared spectral dis tributions of star-forming galaxies: Metallicity and âge effects[END_REF];

• The N2O2 ratio: [NII]A6584/[OU]A3727 [START_REF] Dopita | A Theoretical Recalibration of the Extragalactic H II Région Sequence[END_REF];

• The O3O2 ratio: [OIII]À5007/[OII]À3727Nagao et al. (2006).

The majority of the diagnostics use the [NII]À6584 line, which has the problem of being very faint in métal poor galaxies and to rapidly fall outside the visible spectral band in high-z galaxy observations. [START_REF] Nagao | Gas metallicity diagnostics in star-forming galaxies[END_REF] hâve suggested to use the O3O2 to break the degeneracy of the R23 parameter when the N2 diagnostic cannot be used.

The second drawback of using the R23 parameter is its dependence on the ionization param eter1. Figure 1.11 illustrâtes the dependence of the R23 parameter 011 the metallicity and on the ionization parameter. The effect is only substantial in the low metallicity régime log(0/H)<8.5. 1.6. Metallicity Moreover, McGaugh (1994) and later Pilyugin (2001) hâve refined the calibrations to account for the ionization parameter.

The last but not least inconvénient of the R23 parameter is its sensitivitv to dust. Due to the large wavelength séparation between the [OU] and [OUI] lines, the effect of dust is far from being negligible. The use of this parameter for measuring the metallicity requires a good estimation of the dust extinction. the same that in the left panel. The N2O0 varies monotonically with metallicity and it is thus an idéal diagnostic for metallicity or to select the valid branch in the R23 calibration. However it can be affected by the extinction and it is difficult to measure in high-z galaxies because the [NII]A6584 line falls outside the spectral band. From Kewley and Dopita (2002).

N2 parameter

The N2 ratio hâve been intensively used in the literature as a metallicity estimator in high redshift studies, l<z<3 [START_REF] Shapley | Evidence for Solar Metallicities in Massive Star-forming Galaxies at z > 2[END_REF][START_REF] Shapley | Chemical Abundances of DEEP2 Starforming Galaxies at z~1.0-1.5[END_REF]Erb et al., 2006b;Yin et al, 2007). This parameter lias the advantage to link two lines closely spaced in wavelength, Ha and [NII]À6584A , hence it is not affected by extinction. It can be observed in small spectral Windows such as the atmospheric bands in the near infrared.

N2 is not a direct estimator of the oxygen abundance since oxygen lines are not used in the method. The ratio is affected by the oxygen abundance by two factors. Firstly, N2 dé pends mainly on the ionization parameter. [START_REF] Dopita | Modeling the Pan-Spectral Energy Distribution of Starburst Galaxies. II. Control of the H II Région Parameters[END_REF] hâve shown that the ionization parameter diminishes while metallicity increases and thus that it is indirectly correlated to the metallicity. Secondly, the N/O ratio dépends directly 011 the O/H abundance at high metallicities (log(0/H)+12 ~8.3) when the secondary production of nitrogen is effective (Kewley and Dopita, 2002;Liang et ai, 2006b). However, the corrélation O/H vs N/O suffers from large scatter due to the variety of star formation history in galaxies. Indeed, as nitrogen is mainly synthesized in intermediate mass stars, its abundance is very sensitive to the star-formation history. The fact that the ratio is an indirect measurement of the oxygen abundance and its dependence on star Chapter 1. How to dérivé the properties of the interstellar medium?

formation history hâve led some authors to claim that this diagnostic is not a reliable metallicity estimator (Liang et al., 2006b;[START_REF] Nagao | Gas metallicity diagnostics in star-forming galaxies[END_REF]Kewley and Dopita, 2002;Stasinska, 2005[START_REF] Stasinska | What can émission lines tell us?[END_REF]. However, it is perfectly suited as a first guess metallicity for selecting the branch of the i?23 diagnostic to be used.

Remarks on the use of strong-line calibration

The strong-line methods are based on a statistical approach. They are reliable metallicity estimators only if the calibration sample has the same properties than the object to study. From the SDSS data, metallicity calibrations based on the integrated light of star-forming galaxies hâve been implemented (Nagao et ai, 2006;Liang et al, 2006b;Yin et ai, 2007) and can thus be applied to other extragalactic samples. However, these conversions may not be valid for high-z galaxies. Shapley et ai (2005) and later Liu et ai (2008) hâve found evidence that HII régions in 2 > 1 galaxies hâve different physical properties than their local counterparts: harder ionizing spectrum, higher ionization parameter, and can be more affected bv shocks and AGN.

Such différences can be explained by the fact that high-z galaxies hâve smaller sizes and higher star formation rates than local galaxies. In such a case the metallicity calibrations based on local samples are not reliable any more and thus neither is the conversion between calibrations.

Applying them to high-z studies induce biases on the metallicity estimations. Unfortunately, there are no high-z sample with high S/N spectra and multiple spectral features large enough to calibrate the high-z sample. Liu et ai (2008) hâve suggested that at z~l the metallicities of galaxies are overestimated by ~0.16dex. The best tools to probe if a galaxy has different HII région physical conditions than those of the calibration sample are the diagnostic diagrams described in section 1.3. Indeed, different locations in the diagnostic diagram reveal différences in the ionization parameter or hardness of the ionizing radiation (Hammer et ai, 1997;Tresse et ai, 1996). Liu et ai (2008) hâve found that z ~1 galaxies are offset from the local starforming galaxies in the logQOII]] A3727/H/j) vs log([OUI] AA4959, 5007/H3 diagram. They lie in the upper part of the star-forming wing, revealing their high ionization parameters. 1.6.3 Is there an absolute metallicity scale?

The détermination of the metallicity with different diagnostics, as strong-line and Te, give very discrepant results. For example, the calibrations associated with the R23 give a différence in metallicities reaching ~0.5 dex, see figure 1.12 What is the method giving the best value of the metallicity? Direct methods give nearly the absolute value of the metallicity in a HII région in low and high metallicity environments 2. The détermination of metallicities in métal rich environment (12+log(0/H)>8.6) by direct method is usually not possible in extragalactic studies because the needed lines are too faint. There are few strong-line calibrations calibrated with direct method in métal rich galaxy Liang et ai (2007). For now, it is difficult to point one strong-line calibration as the better approximation of the real mean metallicity in métal rich environments.

Fortunately, despite the lack of a method able to measure an absolute metallicity in ex tragalactic studies, it is possible to measure with good accuracy relative metallicities. In deed, [START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF] hâve shown that the relative metallicities between galaxies can be reliably estimated within ~0.15dex when using the saine metallicity calibration. In order to compare the metallicities of galaxies measured from different calibrations, several authors hâve 2Some authors however argue that the direct method can be affected by systematics in high metallicity régions (Stasinska, 2005[START_REF] Stasinska | The Electron Température in Ionized Nebulae[END_REF][START_REF] Bresolin | Measuring Chemical Abundances in Extragalactic Metal-Rich HII Régions[END_REF].

1.6. Metallicity Figure 1.12: Robust best-fit M-Z relations calculated using the different strong-line metallicity calibra tions. The top panel shows the rms scatter in metallicity about the best-fit relation for each calibration in 0.1 dex bins of stellar mass. The y-axis offset, shape, and scatter of the M-Z relation differ substantially, depending on which metallicity calibration is used. From [START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF] implemented conversions between metallicity calibrations. Liang et al. (2006b) and [START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF] hâve built conversions between calibrations using the SDSS sample, as the con version between the R23 calibration of Tremonti et al. (2004) and those of iV2 from Pettini and Pagel (2004). illustrated in Fig. 1.13. See http://www.ifa.hawaii.edu/~kewley/Metallicity/ and [START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF] for comparison between the metallicity calibrations. log ( 0/H)+12 (PP04_N2) Figure 1.13: Comparison between different metalicities derived by N2 Pettini and Pagel (2004) and R23 Tremonti et al. (2004) for the SDSS DR4. The line represents the polynomial fits between the two metallicity-metallicity diagnostics that allows an easy conversion between the two estimators. From [START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF].

Star formation rate

The star formation rate, SFR, represents the mass of stars formed from the gas in a tirne unit and is thus defined as: SFR(t) = dMstars = (i.9) dt dt

By définition, the SFR is directly proportional to the luminosity emitted by the young stars.

Hence, the main tracers of the SFR are the UV light, the hydrogen recombination lines produced by the ionizing radiation from very massive stars and the infrared light from the reprocessed UV light by dust grains. The calibration of the luminosity of these tracers to the SFR are done with semi-empirical and photoionization models. The SFR calibrations are thus dépendent on the main ingrédients of models: the initial mass function (hereafter IMF). The IMF gives the relative distribution of stellar masses in a stellar population formed at the same tirne from a gas cloud. When comparing SFRs from different calibrations it is crucial to verify if the calibrations used the same IMF. In this study, I hâve only used the set of calibrations proposed by [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF] which are ail based on the same IMF from Salpeter (1955).

SFR from the luminosity of recombination lines

The Balmer recombination lines are produced by the ionizing radiation produced by the most massive and youngest stars of a galaxy, type O and B stars. Their luminosity is proportional to the number of massive stars and thus to the SFR. Only stars with masses > 10 M© and lifetimes < 20 Myr contribute signific.antly to the integrated ionizing flux, therefore the SFR estimated by recombination lines gives the instantaneous SFR (r ~10 Myr). The luminosity of Ha, the most luminous of the hydrogen recombination lines in the optical, is calibrated to the SFR by photoionization models. The calibration of [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF] gives:

SFRHaiMsyr-1) = 7.9 x 10~i2LHa(ergs~') (1.10) The Ha luminosity is calculated from the dust-corrected line flux by: Lnaiergs-1) = 4 x tt(3.086 x 1024DL)2FHa (1.11) where Dl is the luminosity distance in Mpc, Fhq is the flux in Ha line corrected from extinc tion in ergs~lcm~2 and the luminosity of the line is Lh@. The SFRna is very sensitive to uncertainties on the aperture correction and on the extinction correction.

At high-z, the Ha line is redshifted outside the optical window. In such case, the SFR can be estimated from the higher order Balmer lines such as HQ line or H7. The Ha flux is estimated from the HQ flux by applying the theoretical ratio between Ha and HQ, see section 1.2.2.

SFR from the ultraviolet luminosity

In the wavelength interval 912-2500A the galaxy spectrum is dominated by the powerfull ra diation3 emitted by young stars with typical masses of M ~5 A/©. The SFR(UV) is directly proportional to the UV continuum luminosity and the calibration between the two quantities can be derived using svnthesis models. The calibration of [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF] gives:

SFRuviMeyr-1) = LU{UV) x 1.4 x 10~28{ergs Hz-1).

(1.12)

The SFR(UV) traces the recent SFR, more exactly the integrated SFR over the last 100 Myr. For example, it is not possible to disentangle between a System which has been forming at constant level of 1 Mç>/yr over the last 100 Myr and one which has formed 4 x 108 AT© in an instantaneous burst 50 Myr ago (Calzetti, 2008).

The UV tracer is in particular well-suited for z>0.8 galaxies, for which only the rest-frame UV light is visible in the optical window. Unfortunately, this estimator has a big drawback: it is extremely sensibility to the extinction. A moderate extinction of A\/=lmag in the V band implies an extinction A1500/1 ~3 mag in the UV, and the exact value dépends on the géométrie distribution of the dust in the galaxy [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF]Calzetti, 2008). The UV luminosity can be corrected from extinction using the UV slope [START_REF] Calzetti | Dust extinction of the stellar continua in starburst galaxies: The ultraviolet and optical extinction law[END_REF] or by extrapolating the extinction measured in the optical and infrared domain (see Part II. section 5.3.2). However, the bias due to extinction can still be important after correcting with one of these two diagnostics.

The former method can be affected by the age-dust degeneracy (Calzetti, 2008;[START_REF] Buat | The infrared émission of ultraviolet-selected galaxies from z = 0 to z = 1[END_REF].

On the other hand the estimation from the optical lines is uncertain due to the extrapolation and the assumption of a selected extinction law (see the large différences between the several 3The radiation emitted by these stars has high energy but not enough to ionize the surrounding gas. The ionizing radiation, under 912A, emitted by the most massive stars is reprocess in part in visible light into the Balmer recombination lines, seen by the SFRHa Chapter 1. How to dérivé the properties of the interstellar medium? extinction laws at UV wavelength in Figure 4.7). The issue of extinction is dramatic in the case of distant galaxies where objects are expected to hâve high SFR and dust content. A large part of the SFR can be obscured by dust and thus not be taken into account by the UV calibration.

SFR from the infrared luminosity

Part of the UV light is absorbed by dust. The absorbed light heats the dust grains which re-emit the light in the mid-and far-infrared domain. As the absorption cross section of the dust peaks in the UV, the IR luminosity is a good tracer of young stars. The SFR(IR) is thus well-suited for dusty and high-SFR System such as LIRGs and starburst galaxies. Like the IR luminosity, the SFR(UV) is a proxy of the recent star formation (~100Myr). The calibration of Kennicutt (1998) gives:

SFRir(M0 yr~') = 1.71 x W~10L,R(LG) (1.13) The SFR(IR) traces the star formation obscured by dust. At intermediate redshift z ~0.6 the fraction of star-formation obscured by dust is not negligible since ~50% of the integrated optical/UV émission from stars is reprocessed by dust in the infrared [START_REF] Chary | Interpreting the Cosmic Infrared Background: Constraints on the Evolution of the Dust-enshrouded Star Formation Rate[END_REF]. The right panel of figure 1.14 shows the SFR(IR) versus the SFR(UV) for a sample of intermediate galaxies from Hammer et al. (2005). The SFR is underestimated by a factor 2 when using only the UV tracer compared to the IR tracer. Figure 1.14: Comparison of SFRs calculated using the formalism of [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF]. (Left panel):

[OII]3727 estimâtes are compared to IR estimâtes for a sample of 70 galaxies from the CFRS and Marano fields (see Liang et al. 2004b). Upper left panel provides the SFRjr/SFR^qii] ratio. Médian values of the ratio are 5 and 22 for starbursts (SFR <20 M © yr~l) and LIRGs respectively. (Right panel):

same comparison for 2800A UV luminosity estimated for 61 CFRS galaxies. Médian values of the SFR(IR)/SFR(UV) ratio are 13 and 36 for starbursts and LIRGs, respectively. From Hammer et al. (2005).

Until recently, the estimation of the dust-obscured star-formation was limited by the low spatial resolution and poor détection limit of the infrared instrument. The high sensibility of the IR spatial telescope Spitzer allows us now to detect small infrared fluxes and thus do not restrict the study to massive ULIRG or nearby galaxies anymore. For example, Le Floc'h et al. (2005) 1.7. Star formation rate hâve constructed a catalogue of the 24/rm sources of the CDFS field, with a 80% completeness limit at ~83 yJy. They hâve shown that at z~0. 3 (0.8) objects with SFR ~1 (10)Mq yr-1 can be detected, see Fig. In high-z galaxy spectra, the Balmer recombination lines fall outside the optical window or the higli order Balmer lines (H'y, HQ) are too faint to dérivé reliable SFR. [START_REF] Kennicutt | The integrated spectra of nearby galaxies -General properties and emissionline spectra[END_REF] proposed to use the forbidden line [OII]À3727A to dérivé the SFR. This line has the advantage to be strong in galaxy spectra and to be detected in the optical range up to z~1.5. Forbidden lines are not directly proportional to the SFR like the recombination lines, their intensity dépends on the metallicity and on the ionization parameter among other factors. [START_REF] Kennicutt | The integrated spectra of nearby galaxies -General properties and emissionline spectra[END_REF] claimed to hâve found a corrélation between the EQWQOII]) and EQW(Ha) in a sample of local galaxies, making possible the implémentation of a calibration based on the [OU] luminosity. This tracer has been intensely used in the literature and it is still frequently used to derived SFR in highz surveys. However, Hammer et al. (1997) and later [START_REF] Jansen | O II] As a Tracer of Current Star Formation[END_REF] hâve shown that the [OII] luminosity is not a good tracer of the SFR. Using a larger survey of intermediate and local galaxies, they found a large dispersion between the EQW([OII]) and EQW(Ha) which invalidâtes the Kennicutt calibration. The [OU] tracer cumulâtes ail the problems: (1) The [OII] line falls in the blue part of the spectrum and it is thus very sensitive to extinction. (2) The [OU] line intensity dépends on the metallicity of the gas. [START_REF] Ramsay | Non-thermal émission in the atmosphère above mauna kea[END_REF] The line is sensitive to the ionization parameter. The left. panel of Fig. 1.14 shows the dramatic discrepancy between SFR([OII])

and SFR(IR). SFR ([OII]) underestimates by several factors the SFR. It is not recommended to estimate SFR using this tracer. 1.7.6 Extinction from the SFRHa/ SFRir ratio Another method to evaluate the dust extinction is from the infrared and optical star formation rates. The SFR indicates the number of stellar masses newly formed and it is thus proportional to the amount of ionizing photons produced by the young massive stars, see subsection 4.3.6.

However, when measured in the optical, using the nebular émission e.g. the intensity of the Ha, part of the SFR is hidden by the dust. In fact, a large fraction of the ionizing radiation is absorbed by the dust and reprocessed into infrared light. [START_REF] Flores | Star formation rates of distant luminous infrared galaxies derived from Ha and IR luminosities[END_REF] hâve shown that the optical SFRna and the SFRir measured from the IR luminosity give compatible results

when SFRua is correct from extinction and aperture. It is thus possible to estimate the amount of extinction from the ratio of the uncorrected extinction SFRRQnc (but aperture corrected) and the SFRir. Finally, the ratio has been corrected using the average interstellar extinction law:

^(ir)=S1ok sfrir 6 SFRHan( (1.14) The factor 1.66 is the value of the term [/(/?) -/(oo)] -[f{0) -/(a)] from the extinction law and a total-to-selective ratio Rv=3.1 has been assumed.

Gas fraction

The mass of neutral and molecular gas can be measured using HI or CO observations. Unfortunately, the direct measurement of the HI gas mass is not possible above z~0. 3 (Lah et al. 2007).

In the future, the interferometric arrays ALMA and SKA will be able to observe the neutral and molecular gas of very distant galaxies. At. présent, the gas fraction of distant galaxies can only be indirectly estimated using the Kennicutt-Schmidt law (Erb et al, 2006b).

The Kennicutt-Schmidt law (K-S law) links the surface gas density and the star formation density [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF]:

^SFR^Iq yr~l kpc~2) = 2.5 x 10 ~4 Sgas14 (1.15) The K-S law is valid over a large range of densities, host galaxy properties and over more than 6 orders of magnitude in SFR, as illustrated in Fig. 1.16. The K-S law may not be the resuit of a unique physical process but produced by a combination of several processes occurring at different scales [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF].

The Kennicutt-Schmidt law can be inverted to estimate the gas mass . The gas mass is proportional to the observed SFRtotai and the galaxy size Rgas in Kpc. The method has been used successfully at different redshifts: local galaxies Tremonti et al. (2004), z~0. 6 Puech et al. (2010), z~2 Erb et al. (2006b), z~3 [START_REF] Mannucci | LSD: Lyman-break galaxies Stellar populations and Dynamics -I. Mass, metallicity and gas at z = 3.1[END_REF]. From the K-S law and the définition of the SFR density:

s SFR{MQyr 1 =

(1-16)

1.8.
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Figure 1.16: The global Kennicutt-Schmidt law in galaxies parameterized in terms of the SFR surface density and the total (atomic plus molecular) gas surface density. The filled circles are normal disks, squares symbols stand for starburst and open circles show the SFRs and gas densities for the center of normal disk galaxies. From [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF].

The gas density Egas can be written as a function of the SFR and Rgas :

ZgasiMeyr-1 kpc~2) = SFR0-714 x Pç's'm' x 1.651 x 10;

The total mass of gas is computed from Mgas = Sgas7r x Rgas :

Mgas(Me) = 5.188108 x 0 714 x AE°af2

(1.17) (1.18) Introduction

The integrated spectrum of a galaxy is a fossil record of its history. Indeed, the âge and métal content of young and old stars leave their inprints in the observed colors and absorption features. Scheiner (1899) was probably the first to try to infer the stellar content of a galaxy from integrated spectra. He compared the spectrum of Andromeda to the solar spectrum and found many similarities. He concluded that M31 is composed of solar-type stars and must, therefore be a distant stellar System. Décades after Scheiner, Morgan (1968) and then Spinsad & Taylor (1972) hâve re-introduced the problem. From then on, many teams hâve tried to décomposé the stellar component of galaxies into simple stellar populations of different âges and metallicities.

The study of the stellar content of galaxies is now a key tool to understand galaxy évolution, since it enables to recover the star formation history which provides insight into the crucial issue of stellar mass growth.

Ingrédients

The general method consists of fitting stellar features, such as spécifie absorption lines or ail the spectrum, using stellar templates which can be empiric.al templates or semi-empirical models, see fig. 2.1.

Base template

Stellar population décomposition relies on the décomposition of the galaxy SED into a base of simple stellar templates. There are two kinds of templates: empirical templates based on the spectrum of real stellar populations and synthetic templates which are built from the combination of stellar libraries and stellar évolution models.

Empirical templates: "Real galaxies consist of real stars"

In a first attempt, galaxy SEDs can be decomposed into their more fundamental units: stars. A large number of observational campaigns hâve been carried out to collect panchromatic and high quality star spectra covering the possible range of effective température, gravity and metallicity to build stellar librairies [START_REF] Jacoby | A library of stellar spectra[END_REF][START_REF] Le Borgne | STELIB: A library of stellar spectra at R=[END_REF][START_REF] Sânchez-Blâzquez | Medium-resolution Isaac Newton Telescope library of empirical spectra[END_REF]. Nevertheless, spectra of star clusters are usuaily favored for the study of composite stellar populations [START_REF] Bica | A grid of star cluster properties for stellar population synthesis[END_REF][START_REF] Santos | Synthesis of the integrated spectrum of metal-rich globular clusters using the HR diagram and a stellar library[END_REF][START_REF] Piatti | Integrated spectral évolution of Galactic open clusters[END_REF]Schiavon et ai, 2005). According to the scénario of star cluster formation, stars of a star cluster were born simultaneously from a same gas cloud. They are thus an idéal base element for describing a stellar content. The integrated spectra of star clusters are built from Nature's relative proportions of different stars born from a gas cloud at the corresponding metallicity Z. This approach is free of any assumption about the initial mass function (IMF) and details of stellar évolution. Moreover, the main advantage of this method over star libraries is to reduce the number of variables in the grid. Indeed, star cluster libraries are defined by two parameters -âge and metallicitycontrarily to the three parameters needed for stellar libraries. The main limitation of empirical templates is that they do not span the ail age-Z space homogeneously.

Evolutionary population synthesis

Stellar population synthesis computes the spectral energy distribution emitted by spécifie pop ulations of stars. The first approach of the method has been introduced by [START_REF] Crampin | On the change with t.ime of the integrated colour and luminosity of an M67-type star group[END_REF] and then [START_REF] Tinsley | Evolutionary synthesis of the stellar population in elliptical galaxies. II -Late M giants and composition effects[END_REF]. The modeling of stellar population synthesis spectra has considerablv evolved and it is now possible to reproduce the spectra of globular and star clusters [START_REF] Koleva | Spectroscopic âges and metallicities of stellar populations: validation of full spectrum fitting[END_REF][START_REF] Gonzalez Delgado | Testing spectral models for stellar populations with star clusters -IL Results[END_REF].

Stellar population synthesis models follow the time évolution of an entire stellar System by combining libraries of evolutionary tracks (isochrones) and stellar spectra with prescriptions for the stellar initial mass function (IMF), star formation and Chemical historiés. Populations of stars are generated from a stellar initial mass function (Salpeter, 1955;Chabrier, 2003;[START_REF] Kroupa | On the variation of the initial mass function[END_REF], which gives the distribution of the number of stars per unit of stellar mass formed from the sanie gas cloud, and a star formation history. The most commonly used parametrization for the star- [START_REF] Alongi | Evolutionary sequences of stellar models with semiconvection and convective overshoot. 1 -Z = 0.008[END_REF][START_REF] Bressan | Evolutionary sequences of stellar models with new radiative opacities. II -Z = 0.02[END_REF]. The final step consists in associating to each combination of Teff and luminosity a star spectrum from a spectral library. Stellar libraries can be empirical, i.e. composed by spectra of nearby stars such as STELIB [START_REF] Le Borgne | STELIB: A library of stellar spectra at R=[END_REF] and MILES [START_REF] Sânchez-Blâzquez | Medium-resolution Isaac Newton Telescope library of empirical spectra[END_REF], or theoretical from stellar atmosphère models [START_REF] Coelho | Spectral models for solar-scaled and alpha-enhanced stellar populations[END_REF]. Since [START_REF] Bruzual | Spectral évolution of stellar populations using isochrone synthesis[END_REF], who first introduced isochrone synthesis, a large number of teams hâve created evolutionary population synthesis using different stellar libraries and stellar évolution models, such as: Bruzual and Chariot (2003); Maraston (2005); [START_REF] Kotulla | GALEV evolutionary synthesis models -I. Code, input physics and web interface[END_REF]; [START_REF] Vazdekis | Evolutionary stellar population synthesis with MILES -I. The base models and a new line index System[END_REF].

Stellar population synthesis models hâve the advantage of being verv versatile. They allow to generate homogenous grids of single stellar populations, with a wide range of âge and metallicity, and whose SEDs are defined in a large range of wavelengths (e.g. 3200 to 9500 A in the case of BC03 models). Moreover, each template is normalized to 1 Af© and it is thus easy to dérivé stellar masses, SFR and other quantities. However, stellar population synthesis models hâve important limitations :

• Uncertainties on the stellar évolution models, in particular in the advanced stages such as thermally pulsating asymptotic giant branch stars [START_REF] Maraston | Evolutionary population synthesis: rnodels, analysis of the ingrédients and appli cation to high-z galaxies[END_REF]Maraston et al., 2006).

• Uncertainties on the stellar libraries. The quality of models dépends on the stellar library they use. On the first hand, empirical stellar libraries can be affected by mismatch in the flux calibrations. It is the case of Bruzual and Chariot (2003) models which hâve difficulties in reproducing real spectra in the HQ région due to bad flux calibrations in the stellar library STELIB. On the other hand, the coverage in âge, metallicity and surface gravity of the stellar library is also a key parameter of model quality. Stellar population synthesis models hâve to rely in theoretical stellar atmosphère spectra to fill régions not covered by the empirical library, which add large uncertainties. [START_REF] Koleva | Spectroscopic âges and metallicities of stellar populations: validation of full spectrum fitting[END_REF] hâve shown that Bruzual and Chariot (2003) hâve difficulties when recovering properlv sub-solar stellar populations due to the limited coverage of its stellar library outside the solar metallicity région.

• An assumption of the IMF is needed since stellar population synthesis dépends on the selected IMF. [START_REF] Conroy | The Propagation of Uncertainties in Stellar Population Synthesis Modeling. I. The Relevance of Uncertain Aspects of Stellar Evolution and the Initial Mass Function to the Derived Physical Properties of Galaxies[END_REF]Conroy et al. ( , 2010)); Conroy and Gunn (2010) hâve made a first attempt to evaluate liow these uncertainties propagate through stellar population synthesis modeling. [START_REF] Chen | Comparing six evolutionary population synthesis models through spectral synthesis on galaxies[END_REF] hâve evaluated the model uncertainties on the dérivation of SFH by comparing six evolutionary population models.

Observables and parameters

Absorption features

The first studies of the stellar content based on spectra hâve only considered spécifie absorption features with high information content. These spectral indices are essentially defined by the équivalent width of absorption fines highly sensitive to the âge and metallicity. The spectral indices of the Lick Observatory group defined from low resolution spectra [START_REF] Worthey | Comprehensive stellar population models and the disentanglement of âge and metallicity effects[END_REF] are still widely used in this kind of studies. The fit of these observables can be doue with a grid of models with different star formation historiés, e.g. Kauffmann et al. (2003a); [START_REF] Gallazzi | The âges and metallicities of galaxies in the local universe[END_REF]Tremonti et al. (2004)), or by the linear combination of empirical or synthetic templates, e.g: [START_REF] Bica | Population synthesis in galactic nuclei using a librarv of star clusters[END_REF]; [START_REF] Pelât | A new method to solve stellar population synthesis problems with the use of a data base[END_REF]; [START_REF] Boisson | Stellar populations in active galactic nuclei[END_REF]; Gyr. From [START_REF] Graves | Measuring Ages and Elemental Abundances from Unresolved Stellar Populations: Fe, Mg. C, N, and Ca[END_REF].

Full-spectra fitting

The improvement of the base templates in terms of spectral resolution and wavelength coverage now enables to model the full galaxy spectra. This method accounts for ail the information contained in the spectrum: absorption features and the continuum shape. Full spectra methods fit flux-calibrated spectra by a linear combination of N+ simple stellar population templates, The method lias become popular in the literature as attested by the growing number of softwares performing full spectra fitting of an input spectrum by a vector of templates: MOPED [START_REF] Heavens | Massive lossless data compression and multiple parameter estimation from galaxy spectra[END_REF],PPXF [START_REF] Cappellari | Parametric Recovery of Line-of-Sight Velocity Distributions from Absorption-Line Spectra of Galaxies via Penalized Likelihood[END_REF], PLATEFIT (Tremonti et al., 2004;[START_REF] Lamareille | Spectrophotometric properties of galaxies at intermediate redshifts (z ~0.2-1.0). I. Sample descrip tion, photometric properties and spectral measurements[END_REF], STARLIGHT (Cid Fernandes et al. 2005), STECMAP [START_REF] Ocvirk | STECMAP: STEllar Content from highresolution galactic spectra via Maximum A Posteriori[END_REF], ULySS [START_REF] Koleva | ULySS: a full spectrum fitting package[END_REF], VESPA [START_REF] Tojeiro | Recovering galaxy star formation and metallicity historiés from spectra using VESPA[END_REF]. The method has been widely applied to the SDSS sample, see fig. give comparable results (http://www.astro.rug.nl/~sctrager/challenge/). [START_REF] Koleva | Spectroscopic âges and metallicities of stellar populations: validation of full spectrum fitting[END_REF] hâve validated the full spectrum fitting method and hâve shown that this approach gives results consistent with Lick indices but three times more précisé.

The use of a discrète SSP-based approach has the advantage not to impose any constraints on the allowed form of the star formation historv. However, as full-spectra fitting methods use the information of the stellar continuum, the method is sensitive to flux-calibration mismatches of the observed spectrum and of the stellar templates used to build the synthetic models.

Broad-band photometry

A rough approximation of the stellar mass, extinction, and âge of stellar populations can be estimated from broad-band photometry. The galaxy SED is fitted over a large wavelength range to a grid of CSP with different âges, metallicities and SFH parametrization. Due to the small number of observational constrains this method suffers from important degeneracies. Moreover, [START_REF] Papovich | The Stellar Populations and Evolution of Lyman Break Galaxies[END_REF] hâve shown that near-IR photometry is mandatory to constrain the fraction of old stars and thus the stellar mass. I will discuss this method in detail in Part I, Chapter 5.

Limitation of astro-paleontology

The proper uncovering of a galaxy s star formation history, from spectra or photometry, is limited by the measurement uncertainties, model mismatches and assumptions on the parametrization of the SFH. Moreover, it is also affected by the existence of multiple solutions. The degeneracy arises from intrinsic degeneracies of stellar populations and from algorithms. For instance, the well-known age-metallicity-extinction degeneracy stems from the stellar population itself. The age-Z degeneracy tends to confuse old, métal poor System witli young and métal rich galaxies.

At old âges, the effect of âge reaches a magnitude similar to the effects of dust and metallicity and thus the problem of recovering SFH becomes degenerate. It is thus hazardous to recover SFH beyond 2-4 Gyr.

In non-parametric SFH methods, degeneraeies can also corne from an incorrect définition of the problem. Indeed, the SSPs used in this method can hâve very similar spectral characteristics but different âges and metallicities. If the éléments of the base used in the optimization algorithm are not independent, i.e. that one element can be reproduced by the combination of other éléments of the base, the problem turns degenerate. Recently, [START_REF] Richards | Accurate parameter estimation for star formation history in galaxies using SDSS spectra[END_REF] hâve investigated this issue and hâve optimized the éléments of the grid, âge and metallicity, using a diffusion map algorithm. [START_REF] Tojeiro | Recovering galaxy star formation and metallicity historiés from spectra using VESPA[END_REF] hâve shown that degeneraeies can be reduced by being less demanding on the detail of SFH. They hâve implemented a full-spectra fitting algorithm which adjusts the number of éléments of the base according to the quality of the input spectrum.

Chapter 3

Studying distant galaxies

In this chapter I discuss on sonie aspects of the methodology proper to the study of distant galaxies. Conversely to the local galaxies, distant galaxies are barely resolved, and their physical properties can be only derived for the whole System (section 3.1). Moreover, the studies of distant galaxies are limited by strong observational constrains, such as the low signal-to-noise of spectra and the limited number of available lines due to the redshift (see figure 3.1).

Interpreting integrated properties

Despite the fact that the number of spatially-resolved observations of distant galaxies has been growing in the last 5 years4, the majority of studies relied on integrated spectroscopy. Integrated spectroscopy, using fiber or slit, allow to dérivé the global properties of large number of distant galaxies thanks to multi-object spectroscopy. However, the interprétation of the derived prop erties is not trivial. Integrated spectra are constituted by a mix of a large number of emitting source hosted by the galaxy, e.g.:

• The émission from hundreds of HII régions which can hâve very different physical States;

• The combined light from ail the stellar populations of the galaxy;

• The radiation from active galactic nuclei;

• Radiation produced b}' shock waves and the thermal émission of the gas.

The rôle of the spectroscopist is to décomposé the integrated spectrum into the individual contribution of its different sources and characterize the properties of eaeh of them (see section 3.2.1).

Robust détermination of physical quantities

The main difficulties in interpreting integrated spectra is due to the fact that different régions of a galaxy do not contribute with the same fraction to the integrated spectrum. An integrated spectrum is dominated by the régions with higher surface brightness, such as the continuum contribution from the bulge and the émission lines emitted by star-forming régions. It results that the properties derived from global spectra do not represent the mean value of the ail galaxy but the properties of these high surface brightness régions. As an example, abundances

Thanks to the new génération of integrated field spectrographs, such as VLT/GIRAFFE and VLT/SINFONI These lines are commonly used to dérivé physical properties of the ionized ISM in visible spectroscopy.

The four lines can be simultaneously observed in the visible domain in galaxies with z<0. [START_REF] Hammer | Growth of Spirals: Secular or Driven by Mergers ? ArXiv Astrophysics[END_REF] hâve proposed to evaluate the physical parameters of faint and distant galaxies with at least 2 independent measurements. see Table 3.1.1. Each measurement can be affected by different bias which can be physical. such as the sensitivity of the method to the star formation history, or due to uncert.ainties on the measurement. The estimation of a quantity using two independent methods allows us to hâve a better control on the systematics. can trace the SFR within an accuracy much better than 0.3 dex in logarithmic scale [START_REF] Flores | Star formation rates of distant luminous infrared galaxies derived from Ha and IR luminosities[END_REF].

Extinction

The strong évolution of the Luminous Infra-Red Galaxies (LIRG) number density (Hammer et al, 2005) évidences the need to proper account for extinction when estimating SFR or métal abundance using R23. A difficulty is coming from the extinction calculation itself. At moderate redshifts, galaxies host significant populations of intermediate âge stars responsible for the strong Balmer absorption lines (see e.g. Hammer et al, 1997), which can easilv affect the measurements of Balmer émission lines. One needs a sufficient spectral resolution (R> 1000) and S/N (> 10)

to properly correct the underlying absorption, especially for measurements of if7 and HQ lines.

Another difficulty is due to the fact that, at z >0.4 the if7 line is redshifted to the near-IR, and the Ha/HQ ratio lias to be estimated using 2 different instruments. A way to circumvent the difficulty (and the cost of near-IR spectroscopv), is to use the ratio if7/HQ, although the H7 line is often faint. Liang et al. (2004b) hâve systematically compared extinction from Ha/HQ to that from the ratio of IR to HQ émission (see Chapter 1 section 1.7.6) and find a good corrélation between the two derived extinction.

The most accurate method for derived metallicities is direct-Te method (see section )5. However the Unes required to dérivé the metallicities from direct-Te method are usually too faint in distant galaxies and strong-line calibrations are used. The strong line ratio R22, is sensitive to the extinction through the ratio [OII]X3727/H 3. The metallicities derived with this parameter can be compared to those from the ratio [N II]/Ha. This ratio is used nitrogen rather than oxygen and can be affected by the production of primary nitrogen (see Pettini and Pagel (2004) 

Effect of the aperture in integrated spectroscopy

On the other hand, the properties of the galaxies are not homogenous, e.g:

• The star formation is concentrated in clumps and filaments (rings, spiral arms, and more complex structures in irregular galaxies).

• The properties of the central bulge are very different than those of the disk in spiral galaxies: older stellar population, SFR, metallicities, colors, etc...

• The gas metallicity lias a radial gradient with the central régions having the higher metal licities. For example, late-type spirals hâve large metallicity gradients (one order of magni tude between the inner and outer disk). On contrary, bared-spirals and early-type galaxies hâve lower metallicity gradients, see review [START_REF] Henry | The Distribution of Heavy Eléments in Spiral and Elliptical Galaxies[END_REF].

• The distribution of the dust is not homogenous and is composed by patch of high density régions and dust lanes. The observed extinction dépends thus on the line-of-sight, i.e. if the galaxy is seen edge-on or face-on. According to [START_REF] Kennicutt | A comparison of the physical conditions in nuclear, hotspot, and disk H II régions[END_REF], there is 110 evidence for a extinction gradient such as metallicity.

• The contamination by AGNs only affects the light rising from the nuclear régions.

The radial gradients and variation of the properties of galaxies cause sever bias when comparing observation done with different aperture System which sample only a limited portion of the °In the case of integrated spectra of galaxies, [START_REF] Kobulnicky | Chemical Properties of Star-forming Emission-Line Galaxies at z=0.1-0.5[END_REF] hâve shown that the re-method does not give the mean metallicity of the galaxy because the contribution of the different HII régions to the spectrum leads to an underestimation of the metallicity.

galaxy. As instance, observing a galaxy with a small projected aperture only probe the properties of the central régions while large aperture will sample the ail galaxy. The bias on the derived physical properties dépends on the aperture size and on the apparent dimension of the galaxy observed. At higher redshift, the effect. of the aperture is less critic.al because the apparent size of galaxies diminishes and therefore almost ail the galaxy is sampled by slit or fiber. It's the reason why it's mandatory to evaluat.e the bias due to apertures when comparing sample at different redshift. The effect of the aperture size on apparent galaxy properties hâve been intensively discussed in the literature since décades, e.g the pioneer work of [START_REF] Vaucouleurs | Integrated Colors of Bright Galaxies in the u, b, V System[END_REF] and [START_REF] Hodge | Integrated UBV photometry of early-type galaxies[END_REF], see [START_REF] Kewley | Aperture Effects on Star Formation Rate, Metal licity, and Reddening[END_REF] for a review.

The SDSS 3" aperture fiber

The case of the SDSS survey is certainlv the most-documented (Tremonti et al., 2004;[START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF][START_REF] Maiolino | The évolution of the massmetallicity relation at z[END_REF][START_REF] Lara-Lôpez | Study of star-forming galaxies in SDSS up to redshift 0.4. I. Metallicity évolution[END_REF]Brinchmann et al, 2004). At z=0.07, the SDSS 3" aperture fiber only probes a central région of 4kpc.. Depending on the galaxy size, about 60% to 80% of the light is lost by the fiber aperture [START_REF] Kewley | Aperture Effects on Star Formation Rate, Metal licity, and Reddening[END_REF].

The SDSS spectra. are thus nuclear spectrum and the properties derived are not représentative of the ail galaxy, but do only characterize the central région. In [START_REF] Kewley | Aperture Effects on Star Formation Rate, Metal licity, and Reddening[END_REF], the authors hâve investigated the effect of aperture size on the estimated SFR, metallicity and extinction.

They hâve compared the properties derived from integrated spectra of the Nearby Field Galaxy Survey (NFGS) and those derived from the nuclear spectra of SDSS survey. The effect of the aperture size is also valid for slit aperture. The bias due to the aperture does not dépend only on the aperture size, but also on the length of the fiber and on the position of the slit on the object. To minimize aperture bias, the slit length has to be orientated along the principal axis of the galaxy. The slit aperture will affect the measured properties not exactly in the same way that fiber aperture. Indeed, a slit centered on a galaxy bulge will also collect light from the disk in it length. At the same aperture size (diameter for fiber and width for slit), the aperture bias in slit is thus expected to be smaller than in fibers.

The new surveys of nearby galaxies with 3D spectroscopy will allow in the future to evaluate with more précision the effects of aperture (slit and size) on the dérivation of the SFR, extinction, etc., from integrated spectra (see preliminary résulta of [START_REF] Rosales-Ortega | PINGS: the PPAK IFS Nearby Galaxies Survey[END_REF]). It is one of the main goals of the project on SN la presented in Part III.

3.2

Measuring émission lines

3.2.1

Extracting the ionized gas component from the galaxy spectra

The optical spectrum of a star-forming galaxy has two components: a stellar componentcomposed by the combination of the spectra from the stellar populations-and an émission spectra from the ionized gas. Before proceeding to the characterization of the gaseous phase from the optical spectra, it is necessary to uncouple the two components. The extraction of the stellar continuum from the gaseous phase is an essential step to measure émission lines.

Indeed, the Balmer lines of a star-forming galaxy are composed by an émission lines with an underlying absorption line (See Fig. 3.2). The émission spectra from the gas is superimposed on the absorption spectra of stars. Not accounting for the underlying absorption when measuring the émission lines leads to important underestimation of their flux and thus induces a bias for ail the properties derived (Liang et al., 2004a). There are two methods to correct the émission lines from the underlying absorption : one based on the équivalent width of absorption lines and another one based on the composition of the stellar population.

Equivalent width

This method consists in only correcting for the underlying absorption of the Balmer lines of Hydrogen. For distant galaxies, the équivalent width of the Balmer absorption lines has often been estimated to be 2 A [START_REF] Tresse | The Canada-France Redshift Survey -XII. Nature of emission-line field galaxy population up to z=0.3[END_REF]Kobulnickv and Zaritsky, 1999, e.g.). In order to hâve a first approximation of the flux of Balmer lines, a constant équivalent width of 2 A can be added to the measured uncorrected flux. This method has been widely used in the past because it can be used with low signal-to-noise and in low spectral résolution spectra. However, it can lead to large bias because the absorption in Balmer lines can be larger than 2A in severals cases.

Indeed, the équivalent width of hydrogen absorption lines dépends on the âge and metallicity of stellar population of each galaxies. Harnmer et al. (1997) hâve found équivalent widths for Hp reaching 7-8 A in some distant galaxies.

Full spectra fitting

A more efficient method consists in fitting a synthetic spectrum from a template library to the spectrum of each galaxy, see previous chapter. The émission lines of the spectrum are masked and the stellar component is fitted by a linear combination of spectra from stellar library or semi-analytic model templates. The main purpose of this method is to derived the composition of stellar population of galaxies from their optical spectra. However, in this stage of the spectrum analysis, we are only concerned to properly subtract the stellar component from the émission lines and the method can be used in a simple level. In the study of distant galaxies, described in Part I Chapter III, the best fit has been computed using the STARLIGHT software6 and a set of 15 stellar spectra from the [START_REF] Jacoby | A library of stellar spectra[END_REF] stellar library, including B to M stars (e.g B, A, F, G, K and M) with stellar metallicity. A Cardelli et al. (1989) reddening law has been assumed during the fit.

6available for download at http://www.starlight.ufsc.br/.

Measuring émission Unes

Wavelenght [A] et al. (2005) hâve suggested that the origin of this bias is due to flux-calibration mismatch of the STELIB library used in the BC03 models. The STELIB spectra hâve an excess of flux in both sides of the E.0 when compared to model spectra. From now, as the synthetic spectrum is not used to retrieve physical properties of the stellar population, I hâve adopted a simple stellar library in order to better control the parameters of the fit.

My second remarks is about the matching of the spectral resolution between the templates and the observed spectrum. The majority of the software mentioned above matches directly in the best fitting function the spectral resolution of the spectra template and the input spectrum.

The matching works reasonably weh in high S/N spectra and when the différence between the two spectral resolution is not too large [START_REF] Fernandes | Semi-empirical analysis of Sloan Digital Sky Survey galaxies -I. Spectral synthesis method[END_REF]. However, for S/N<10

it is highly recommended to adjust previously the template spectra to the observed spectra.

Mismatch on the resolution induces bias in the fluxes of Balmer lines.

Measuring émission lines

After subtracting the stellar component, the émission lines arising from the gaseous phase of galaxies can be measured using manual or automatic methods fitting. Figures 3.3 and wdth a of the same width. However, an important fraction of the flux can be lost in the case of non-gaussian lines if only the flux in the fitted gaussian is taken. [START_REF] Lamareille | Spectrophotometric properties of galaxies at intermediate redshifts (z ~0.2-1.0). I. Sample descrip tion, photometric properties and spectral measurements[END_REF] hâve tested the reliability of their method in a sample of 11 galaxies. They hâve compared the EQW measured from the automatic software to those measured by hand with IRAF. They found that their automatic software perfectly recovers the flux and EQW. However, this test lias been done in a very small sample and a complété analj-sis with a larger sample may be required to definitively trust the measurements of automatic methods.

3.2.3

The signal-to-noise Détection signal-to-noise

The signal-to-noise of galaxy spectrum is given by the ratio at a given wavelength:

Q/AT - ^31 - i *-5obj (3.1)
In the régions with strong sky lines, the target spectrum can be affected by bad sky extraction, see Fig. 3.5. In the case of gaussian noise, only régions with S/N> 3 are considered to be detected, since they hâve a probability superior to 95% of détection. For other noise distribution, such as the Poisson noise, higher détection limit are commonly used, e.g. S/N>5 . Régions with S/N<3

are not proper to dérivé physical quantities due to the high uncertainty on their détection.

3.3.

What is the resolution needed to dérivé a physical quantity? plotted. The stellar comportent has been subtracted using the method of full spectra fitting. The grey région corresponds to the position of sky absorption. The émission lines from gas can be directly measured using for example the IRAF package splot. The physical process which produce this kind of line profile will be discussed in the next section.

S/N of an émission lines

The S/N of a émission line can be defined as the ratio between the total flux in the line Fune and the noise in the pseudo-continuum a (Flores et al., 2006).

< S/N >= Fline \A.n)x a (3.2)
The S/N is normalized by the number of spectral resolution éléments n in which the émission line is spread.

3.3

What is the resolution needed to dérivé a physical quantity?

In several papers, our team has pointed out the necessity of having at least moderate spectral résolution (R>1000) and S/N (>10) to retrieve reliable integrated properties such as extinction, star formation rate and metallicities (Liang et al., 2004a;[START_REF] Hammer | Growth of Spirals: Secular or Driven by Mergers ? ArXiv Astrophysics[END_REF]: Hammer et al, 2005).

In Liang et al. (2004a) However, [START_REF] Lamareille | Spectrophotometric properties of galaxies at intermediate redshifts (z ~0.2-1.0). I. Sample descrip tion, photometric properties and spectral measurements[END_REF] hâve argued that it is possible to retrieve reliable fluxes in low resolution data. They hâve downgraded moderate spectral resolution data to lower resolution, R=250 and R=500 and found almost no dispersion or offset between the fluxes measured in the different spectra. This resuit is in contradiction with Liang et al. (2004a).

Below, I investigate the influence of the spectral resolution with a new galaxy sample.

New study comparing moderate and low spectral resolution spectroscopy I hâve investigat-ed the issue of the spectral resolution using a similar approach to Liang et al.

(2004a): extinction and metallicity are derived from medium and low resolution spectra and are compared to those derived from higher spectral résolution spectra, I hâve searched in the archives low spectral résolution spectra for each of the Sample A objects. Table 3. strong sky lines at this wavelengths. The quality of the sky extraction dégradés with decreasing spectral résolution observation.

S ample

Low R Medium R For the low R spectra it was not possible to fit the continuum and extract reliably the underlying stellar absorption in Balmer lines. Like the medium R spectra, these spectra suffer from very low signal-to-noise levels in the red part of the spectra. The flux of [OUI] and H3 lines hâve thus large uncertainties due to the strong sky lines.

Figure 3.9 left panel compares the extinction estimated from the H^/H0 ratio measured in the FORS2 spectra (HR R~1000) and in medium resolution spectra (red symbols) and low résolution spectra (black). There is no corrélation between the two estimations. This study show's that it is not possible to measure reliable extinction from spectra with RdOOO, as pre- viously found by Liang et al. (2004a). I hâve measured the metallicity from the R23 parameter, defined as the flux ratio between [OII]À3727+[OIII]ÀÀ4959,5007 over H3 (see section 4.3.4).

The metallicities derived from the R~500 data are similar to those derived from the FORS2 spectra. The metallicities from the low resolution spectra are systematically overestimated, A{Log(0/H) + 12) = +0.27dex, see Fig. 3.9 right panel.

This study confirais the previous resuit of Liang et al. (2004a): the necessity of having moderate spectral resolution (R>1000) and S/N (>10) to retrieve reliable integrated properties.

The discrepancy with [START_REF] Lamareille | Spectrophotometric properties of galaxies at intermediate redshifts (z ~0.2-1.0). I. Sample descrip tion, photometric properties and spectral measurements[END_REF] may arise from an error of methology in the [START_REF] Lamareille | Spectrophotometric properties of galaxies at intermediate redshifts (z ~0.2-1.0). I. Sample descrip tion, photometric properties and spectral measurements[END_REF] test. In fact, they hâve downgraded the résolution of sky subtracted spectra into lower resolution while Liang et al. (2004a) and this analysis use real low-R data. The downgraded sky subtracted spectra hâve better signal-to-noise than the real low R observation because they do not account for the issue of the sky subtraction in Iotv resolution spectrum. 

IMAGES survey

The studies on the évolution of the star formation rate (Flores et al., 1999;[START_REF] Chary | Interpreting the Cosmic Infrared Background: Constraints on the Evolution of the Dust-enshrouded Star Formation Rate[END_REF]) and of the stellar mass densities [START_REF] Cole | The 2dF galaxy redshift survey: near-infrared galaxy luminosity functions[END_REF]Drory et al., 2004, e.g.) hâve revealed that in present-day galaxies, 30 to 50% of the baryonic mass locked into stars lias condensed at z < 1. This évolution is mostly associated with the évolution of intermediate mass galaxies, with stellar mass between 1.45 -15 x 1010Mq (Harnmer et al., 2005: Bell et al, 2005). As disk galaxies represent 70% of intermediate mass galaxies in the local Universe, intermediate mass galaxies at z ~0.6 appear to be the likeliest progenitors of the présent day spiral galaxies. (paper in progress). In a closed System, mass is conserved as a function of time: even if galaxies are not closed Systems in a strict sense, selecting galaxies in baryonic mass allows us to establish a first order causal link between galaxy populations at different epochs. A fulfy observational scénario of galaxy évolution, and ultimately of their formation, can then be constructed.

1.1

The IMAGES survey

Philosophy of the survey

The objective of IMAGES survey is to gather the maximum of observational constrain of a relatively small, but représentative, sample of 2 ~0.6 intermediate mass galaxies. The IMAGES survey distinguishes from the other intermediate redshift surveys by its sélection method. The sample is small when compared with large surveys as GOODS or Combol7. These very large surveys aim to minimize statistical uncertainty (for 1000 galaxies, VN/N is 1%). However, they are limited by the inévitable use of automatic methods which can induce large bias, at an order of magnitude ahnost equal to that of the signal to be measured (Liang et al, 2006a;Puech et al, 2008). On contrary, the IMAGES team hâve chosen to define a smaller number of targets which allow a careful and detailed analysis including spatially-resolved kinematics. The IMAGES sample certainly faces the small statistic issue (for 100 galaxies, y/N/N is 10%) but this drawback can be compensate by an efficient control of the sélection effect.

Chapter 1.

IMAGES survey

Sample sélection

A sample of ~100 galaxies lias been selected on the sole basis of their absolute magnitude in J band, Mj < -20.3 corresponding to a Msteüar = 1-5 x 1010M© and their redshift 0.4 < z < 0.9. To avoid systematic from the cosmic variance the targets hâve been gathered in three cosmological fields. The representativity of the selected galaxies to the luminosity function at the given redshift lias been verified bv comparing their luminosity distribution with luminosity function derived by large surveys.

Observations

In the framework of IMAGES survey and GIRAFFE GTO time, about 100 galaxies hâve been observed with GIRAFFE an intégral field spectrograph at the VLT, see Fig. The GOODS extensive spectrosc.opic campaign at VLT with FORS2 and VTMOS collected ~2700 secure source redshifts. Tliis catalogue has been used to pre-select the targets, in the IMAGES survey, for the GIRAFFE observations which need secure redshift détermination. Nevertheless, GOODs spectra hâve low spectral résolution and low signal-to-noise and they are thus inappropriate to estimate reliable extinction or metallicity in the CDFS galaxies (Liang et al., 2004a). It is the reason why IMAGES observed a sample of ~300 galaxies with FORS2 at higher spectral résolution and higher signal-to-noise.
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IMAGES a unique sample of intermediate redshift galaxies

The IMAGEs survey is at the current date the only sample of intermediate redshift galaxies The VLT/FORS2 and VLT/GIRAFFE observation are private observation from the IMAGES survey.

The other observation arise mainly from the GOODS survey.

Observâtional evidence for the main rôle of merger

At a first order, galaxies are self-graviting Systems, which can be described by at least three fondamental parameters, i.e., their (total) mass, velocity (including both bulk and random motions), and size. Scaling relations between these parameters or their proxies are therefore fondamental tools to characterize galaxy évolution. We hâve thus derived integrated properties of ail the IMAGES galaxies, including their stellar mass, gas fraction [START_REF] Puech | The baryonic content and Tully-Fisher relation at z^O[END_REF], and gas metallicities (Rodrigues et al., 2008) and studied the évolution of the scaling relations, such as Tully-Fisher relation (Puech et al., 2008[START_REF] Puech | The baryonic content and Tully-Fisher relation at z^O[END_REF], the mass-metallicity (Rodrigues et al., 2008) and between spécifie angular momentum and stellar mass (Puech et al., 2007a). From the resolved kinematics observations, we hâve inferred the dynamical State of the galaxies observed with GIRAFFE (Yang et al., 2008). In addition, we hâve carried out a meticulous classification of their morphologies (Neichel et al., 2008;[START_REF] Delgado-Serrano | How was the Hubble sequence 6 Gyrs ago?[END_REF]. I summarize below the main results found by IMAGES team about the global properties of intermediate mass galaxies at z~0.6:

1. Among the 63 z=0.4-0.75 galaxies observed by GIRAFFE, most of them show anomalous kinematics (Yang et al, 2008), see Figure 1.3. Accounting for the whole population of 2 ~0.6 galaxies, this reveals 33% of rotating disks, while 41% hâve anomalous kinematics, including 26% with complex velocities. Thus galaxy kinematics evolve strongly since the last 6 Gyr.

2. In [START_REF] Delgado-Serrano | How was the Hubble sequence 6 Gyrs ago?[END_REF], we hâve compared a représentative sample of local galax ies from the SDSS to the HST/ACS observations of IMAGES galaxies. Inspections of the morphologies evidence that galaxies hâve strongly evolved. Peculiar galaxies represent half of z=0.65 galaxies, while the fraction of early type galaxies is similar to that at z=0 (see Figure 1.4). It means that more than half of the progenitors of present-day spirals are peculiar galaxies at z=0.65.

3. The stellar-mass Tully Fisher relation found shows a much larger scatter (0.63dex) than that from local spirals (0.12dex), similarlv to what is found from slit measurements (Flores et al., 2006;Puech et al., 2006). It. lias been convincingly shown that a tight Tully Fisher relation still hold for rotational disks and then that ail the scatter is related to galaxies with anomalous kinematics, principally those with complex kinematics. Adding the gas mass for the sample of 33 z=0.65 galaxies, we hâve been able to dérivé, for the first time, the évolution of the baryonic Tully Fisher relation [START_REF] Puech | The baryonic content and Tully-Fisher relation at z^O[END_REF]. Although the resuit is based on only 7 distant rotating disks, they fall exactly onto the local relation. If confirmed, tliis resuit is quite fundamental to link local disks to their progenitors, 6 Gigayears ago. Rotating disks at z=0.65 could hâve already assembled ail their baryonic mass7

(gas and stars), and may hâve evolved into the present-day spirals simply by transforming two-thirds of their gaseous content into stars during the 6 Giga-years elapsed time. The upper row shows a rotating disk showing a. dynamical axis aligned with the optical axis. Because of the low spatial resolution most of the gradient between the two extreme velocities provides a dispersion peak (see 3rd and 6th panels from the left) just at the centre of the velocity field and of the galaxy, i.e. the centre of rotation. Velocity models assume the inclination from the optical image and a velocity gradient from the observations. The middle row shows a galaxy with an almost aligned dynamical axis, thus indicative of a rotation. However the dispersion peak falls far from the centre of rotation, indeed far from any optical émission of the galaxy. This is indicative of a strong disturbance of the gaseous émission, probably due to shocks in gas flows, which perturbs the rotation (called perturbed rotation, PR). In the bottom row, the kinematics is complex (called complex kinematics, CK) from both velocity field and dispersion maps.

The study of the fundamental quantifies of the IMAGES samples hâve put on evidence the strong évolution of intermediate-mass galaxies at z=0.6 in terms of morphologies (Neichel et al., 2008;[START_REF] Delgado-Serrano | How was the Hubble sequence 6 Gyrs ago?[END_REF], kinematics, star formation and gas &: métal content (current work and Rodrigues et al. (2008)) and reveals that nearly half of them are Systems not yet dynamically relaxed. These observations suggest that merging is an important process that shaped the early évolution of the present-day galaxies.

Modeling individual galaxies

Ail this observations hâve lead us to the following questions: Can we explain the local Hubble sequence by the évolution of merger rémanent occurred between 0.6<z<1.4? In particular, can we forme the local spiral galaxies from the perturbed and disrupted population of star-forming 1.3. Modeling individual galaxies galaxies at z=0.6? To answer to these questions we hâve started a large project of modeling IMAGES galaxies with the same detail than local galaxies to identify the types of merging épisodes that end up as a disk galaxy. The team has already modeled 6 galaxies and more object are in progress (Puech et al., 2007b(Puech et al., , 2009;;Yang et al., 2009;Hammer et al., 2009a;Peirani et a/., 2009;Fuentes-Carrera et al., 2010b) that surrounds a blue, centered hélix (so-called ;two arms-plus-bar' structure). We interpret this hélix structure as regulating the exchanges of the angular momentum and possibly stabilizing the new disk.

Indeed. gas inflows along a hélix are usual in simulations of mergers, especially in inclined and polar orbits. This gas-rich galaxy appears to be an archétype of disk rebuilding after a 1:1 or a 3:1 merger with an inclined orbit. c) Peirani et al. (2009) identified a giant and star-bursting bar induced by a 3:1 merger, and simulated both morphologies and the off-centre dynamical axis. In this case, the gas pressured in the tidally formed bar has c.ondensed into young and blue stars, d) Puech et al. (2007b) hâve demonstrated that spatially resolved kinematics is sufficiently sensitive to detect the infall of a 1:18 satellite in a z = 0.667 galaxy. The superimposed map is the dispersion map.

We took advantage of the unprecedented amount of observational constrains to model individually distant galaxies using modem simulations with hydrodynamic code. The joint analysis of morphological information with kinematical studies and spectral information is essential to properly characterize distant galaxies to avoid misinterpretations caused by the lack of résolu tion at higher redshift. We hâve used modem simulation codes such as GADGET and ZENO (Springel, 2005;Barnes, 2002) which account for the hydro-dynamics of the gas as well as for the collision-less star and dark matter components. These models are now mature enough to be able to reproduce nearby mergers accurately (Barnes & Hibbard 2009).

1.4

Is the Hubble sequence compatible with a merger scénario?

In Hammer et al. (2009c), we considered the possibility that the formation of the Hubble sequence relies to a large extent on past merger events. We used a sample of objects around z = 0.65 for which we hâve both morphology from the HST and high quality kinematics (both velocity fîeld and 2D velocity dispersion rnaps) and compared them with simulation results varying the viewing angles to obtain the best fits. Although w*e cannot of course prove that the origin of these objects is a merger, we can safely say that their observed properties are well compatible with them being a merger or their remnants. This resuit was reached using ail available data, i.e. our comparisons included morphology, mean velocities and dispersions.

A merger origin of the Hubble sequence is closely linked to the disk rebuilding scénario, which lias been successfullv argued both from the observational point of view and from simulations.

The disk rebuilding scénario proposes a merger origin for spirals and, by extension, of the whole Hubble sequence, from ellipticals [START_REF] Toomre | [END_REF][START_REF] Toomre | The structure and évolution of normal galaxies[END_REF]Barnes & Hernquist 1992) to late type spirals, see Figure 1.6. This scénario lias been proposed by Hammer et al. (2005) to conciliate the coeval évolution of star formation, stellar mass assembly, fraction of peculiar galaxies, interacting pair statistics and gas content. The disk rebuilding scénario is supported by the recent advances in numerical simulations of a merger (Barnes, 2002;[START_REF] Springel | Formation of a Spiral Galaxy in a Major Merger[END_REF]Robertson et al., 2006;Lotz et al., 2008;Hopkins et al., 2009) which show that gas-rich mergers (gas fraction larger than 50%) may produce a new disk in their remnant phase, and that such a new disk is mainly supported by the orbital angular momentum provided by the collision. From the gas fractions of peculiar galaxies at z~l, we hâve quantitatively estimated the gas fractions of their progenitors (Hammer et al, 2009c;[START_REF] Puech | The baryonic content and Tully-Fisher relation at z^O[END_REF]. We hâve concluded that more than a third of the galaxy population about 6 Gyr ago was sufficiently gas rich to rebuild a disk after the merger. Thus our work argues that a merger origin of the The collimator section The collimator section is composed by two exchangeable collimators with f= 1233mm and f=612mm. The spatial resolution of the instrument is defined by the selected collimator.

The resulting field of view is 6.8'x6.8' with the standard résolution collimator (SR) and 4.2'x4.2! with the high resolution collimator (HR). The filter and detector section This section is composed by a filter wheel, which allows to select among a set of filters during imagery or spectroscopic observations, a grism wheel and a detector. The large number of grism available on the grism wheel allows to hâve at disposai a wide number of observational configurations for the spectroscopic mode : Spectral résolution from R=260 to 2600 and wavelength coverage included from 330nm to llOnm. The FORS2 detector is a mosaic of two 2kx4k CCDs with a pixel size of 15 x 15/rm2 2.2.

Data réduction of the slit masks hâve been performed using the GOODS catalogue (Giavalisco et al. 2004) and the FORS2 pre-images (see Fig. 2.2). The arrangement of the slits were optimized to improve the number of objects observed. Among the 270 slits which hâve been placed, 241 objects hâve Iab <23.5 mag. In order to sample the rest-frame 3700-5400A domain from z-0.35 to z=l, ail the sample hâve been observed with two holographie grisms which characteristics are summarized in I hâve followed the usual procedure to reduce multi-object spectroscopy data. However, as the observed target are faint galaxies, the procedure has been optimized to recover the maximum of Chapter 2.

F0RS2 observations and sample The F0RS2/IMA GES sample distribution) and the position of the spectrum in the 2D image hâve been fitted with a polynom.

• Wavelength calibration. The calibration spectra are calibrated from the émission line identifications of the Néon-Argon-Hélium, using a polynomial relation between pixel and wavelength. 

Flux calibration

The two flux calibrated spectra of each grism are combined to set the final spectrum. The spectra were flux calibrated using photometric standard stars. I hâve c.ompared the spectrophotometry to HST/ACS photometry in V, I, Z bands and V, I, R in the EIS catalogue and found a good agreement, see fig. 

Photometry catalogue

The CDFS field has been widely observed by UV to IR surveys (see Chapter 2). I hâve gathered photometric measurement for the 208 galaxies of the FORS2-IMAGES sample by crosscorrelating the sample with catalogues in public archive or extracting the sources from data release images. The photometry has been extracted in view of spectral energy distribution fitting. Therefore a spécial care has been taken to homogenize the photometry arising from The catalogue and image archives

For each of the following catalogues, I hâve extracted the photometry of the FORS2-IMAGES galaxies by cross-correlating their coordinates with those of the catalogues. Only détection within 2" hâve been selected. Ail the détections hâve been verified by hand (and in ail bands)

and objects with possible flux contamination by neighbor sources hâve been flagged. In UV and mid-IR the direct photometric measurement need to be corrected from the PSF. Indeed, the PSF at these wavelength (GALEX and Spitzer) are larger than the photometric aperture. The PSF correction is derived by the theoretical PSF of the two instruments [START_REF] Morrissey | The Calibration and Data Products of GALEX[END_REF]Puech et al., 2009, See).

• The near-and far-UV photometry hâve been extract from the GALEX catalogue of Mor rissey et al. (2007). The PSF of GALEX is larger than the 3" diameter aperture. I hâve corrected the extracted magnitudes by using the PSF correction given by Morrissey et al.

(2007): -2.09 in NUV and -1.65 in FUV.

• The optical photometry from the ACS/HST in B(F435W), V(F606W), i(F755W) and z(F850LP) hâve been gathered from Giavalisco et al. (2004). The CDFS field has been partially observed by the Ultra Deep Field South (UDF-S). For the objects falling in the UDF-S I hâve used the photometry of the UDF catalogue (Beckwith et al., 2006). The isophotal magnitude in z-band hâve also been extracted.

• Additional visible photometry in U!, U, B, V, R and I-band from ground-based observa tion hâve been extracted from the EIS catalogue [START_REF] Arnouts | ESO imaging survey. Deep public survey: Multi-color optical data for the Chandra Deep Field South[END_REF]. The catalogue gives magnitudes in the Vega photometric System and the photometry is not corrected for extinction. I hâve converted the photometry into AB System and correct it for extinction following the indications of [START_REF] Arnouts | ESO imaging survey. Deep public survey: Multi-color optical data for the Chandra Deep Field South[END_REF]. The corrective factors are tabulated in Table 2.3.2. Note that the photometry in the U' band is affected by large uncertainty due to the UV atmospheric cutoff at ~3200A.

• The near-IR photometry in J, H and K bands hâve been extracted from the GOODS-ISAAC catalogue [START_REF] Vandame | Deep Public Survey: Infrared Data for the Chandra Deep Field South[END_REF]. Due to the large uncertainty on the zéro-point calibration of the GOODS H-band, we hâve used the revised calibration proposed by Wuyts et al. (2008) which add +0.14 mag in H-band.

• The mid-IR photometry can be extracted from the SIMPLE catalogue based on the GOODS-IRAC data release 3 (http://www.astro.yale.edu/dokkum/SIMPLE). However, the error on flux measurements in this catalogue are extremely small and may be underestimated. I hâve re-extracted a catalogue from the GOODS-IRAC data release 3 images using the software Sextractor. The photometry in ail the available bands are tabulated in annex. Ail the magnitudes hâve been converted into AB System.

Uncertainties

As our aim is to extract consistent photometry from UV to mid-IR, the uncertainty on the magnitude of each band is not only given by the standard Poisson noise. The uncertainties arising from the different calibration between the instrument such as the zéro-point and the uncertainties from the correction of the PSF hâve to be take into account. The total uncertainty of a photometric point is thus given by the quadratic sum on these three sources of uncertainties (Puech et al, 2009):

°-\laPoisson + aZP + ^PSF (2)[START_REF] Ramsay | Non-thermal émission in the atmosphère above mauna kea[END_REF] Isophotal photometry

The isophotal photometry can be derived from the 3r aperture photometry and the isophotal magnitude in z-band using the relation: FORS2 observations and sample I hâve also implemented a PHP webpage to allow for a quick présentation of ail the main properties of a galaxies. The user can quer}' galaxies by their coordinates, by their name or by their spectral classification. The php script sends the query to the MYSQL database and prints the resuit of the query in a php page with link to the individual page of each galaxy. I hâve designed two versions of the page showing the individual galaxy properties, Fig. 2.3.3 and 2.9.

The final output is still on discussion. The database is not public and it runs in a local apache and MySQL server.

The Metallicity sample

The main purpose of the FORS2 observations is to dérivé the metallicity of the gas in intermediate mass galaxies at z ~0.6. I hâve gathered from the FORS2 catalogue a subsample of émission line galaxies for the study of the gas content.

Construction of the sample

In order to dérivé metallicities, some spécifie émission lines are required, such as [OU], Hô and

[OUI] émission lines. I hâve classified the émission line galaxies into 5 subcategories depending on the availability of émission lines.

2-4-

The Metallicity sample The properties of the galaxies ISM in z~0.6

In this chapter I study 88 distant galaxies and dérivé their main global properties such as extinc tion, the gas phase metallicity, star-formation rate and gas fraction. [START_REF] Fernandes | Semi-empirical analysis of Sloan Digital Sky Survey galaxies -I. Spectral synthesis method[END_REF]. A Cardelli et al. (1989) reddeninglaw has been assumed. FORS2 spectra hâve been pre-processed before proceeding to the best fit with the STARLIGHT software. The pre-process steps are the following :

1. Emission lines are masked using DISGAL1D, a software developed by the team.

2. The masked spectrum and the templates are smoothed using a smoothing box to a spectral resolution of AA ~8A. I hâve convolved the continuum, except at the location of émission lines, using the software developed by our group (Hammer et al., 2001). I hâve chosen to introduce this step because the smoothing increase the S/N of the absorption features used in the fit. The small decrease of the spectral resolution in the continuum component Chapter 3.

The properties of the ISM in z~0.6 galaxies does not affect the measurement of the émission lines and does not decrease the quality of the fit. For 37 objects of the sample, the Hy line was detected and I could dérivé extinction in the gas phase directly from the spectra, using the observed Hy/H6 ratio. Assuming a case B recom bination with a density of 100 cm-3 and an electronic température of 10 000 K, the predicted ratio is 0.466 for the 7(Hy)//(H/3) (Osterbrock, 1989). The médian extinction of the sample is

Av = 1.53.
Because of large uncertainties related to the measurement of the Hy line, I hâve verified the qualitv of derived extinction using another method to evaluate Ay, the balance of infrared and émission line SFR.The two SFR hâve been computed assuming the Kennicutt (1998) calibra tions and both use the same Salpeter initial mass function (IMF) (Salpeter, 1955). The Lir is estimated from the [START_REF] Chary | Interpreting the Cosmic Infrared Background: Constraints on the Evolution of the Dust-enshrouded Star Formation Rate[END_REF] relation and 24 /ira observations (Le Flocdi et al..

2005)

. The Lua has been estimated from the flux of H3 and assuming HQ/Hd=2.87 (Osterbrock, 1989). The H0 flux was corrected by an aperture factor derived from photometric magnitudes at /ab and Vab and spectral magnitudes. In the case of objects without IR détection, we used the détection lirait of 0.08 mJy of the MIPS catalogue to find an upper limit for Lir and so an upper extinction limit Ay(IRiim)-The médian extinction in the sample for IR/Hd estimation is Av = 1.71.

Comparison between the two derived extinctions

In Fig 3 .2, I compare the extinction given by the two methods (Liang et al., 2004b), see In troduction Section 1.2 and 1.7.6. Most galaxies fall within the ±1<t dispersion. This resuit is consistent with [START_REF] Flores | Star formation rates of distant luminous infrared galaxies derived from Ha and IR luminosities[END_REF] and Liang et al. (2004b).

Some discrepancies between the two measurements of extinction are due to geometrical properties, as in J033212.39-274353.6, J033232.13-275105.5 and CFRS 03.0932 which show A y* (IR) greater than A y (Balmer). Indeed, these 3 objects are edge-on galaxies. In such cases, a large fraction of the disk is hidden by the dust in the disk plane. The detected optical Balmer lines trace the star formation of a few optically thin HII régions lying on the periphery of the galaxy.

The conséquence is an underestimated extinction value. The infrared radiation is not affected by dust so it cornes from ail régions of the galaxy. Thus, we expect to hâve higher extinction values when estimated with the IR flux. The properties of the ISM in z~0.6 galaxies
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E{B -V)low (3.2) AAy Up = (E(B -V)up -E(B -V)) x R/1.47 (3.3) AAy iOVJ = (E(B -V) -V)iown) x 1.47, (3.4) 
SFR(Optical-to-IR) extinction Ay (IR) error has been estimated taking into account the error on the IR luminosity and the Poisson noise of the H/3 line.

Tabulated estimation

The two extinctions do not trace the same quantity. Both methods are very dépendent on the star formation history of galaxies. The Balmer décrément is sensitive to the extinction in 3.2.

Contamination by A GN radiation régions which hâve experimented a star formation épisode in the last 10 Myr. The SFR(optic,alto-IR) extinction is more sensitive to régions with slightly older stellar population (< 100 Myr).

However, when c.onsidering the ail sample of galaxies, the two methods are statistically equal, see Fig.

3.2.

The dispersion between the two methods is due to the uncertainties on the measurements and on the different star-formation history. As the objective is to correct the spectrum from the mean extension of the galaxy, I hâve assumed that the mean extinction can be evaluated from the mean value between Ay(IR) and .4y (Balmer). Adopting the mean values between the two methods allows us to control the systematic errors of each one. For galaxies without IR détection or wûthout if 7 line, Ay has been calculated according to the conditions summarized in table 3.1.

For edge-on galaxies, the différence between the two extinction estimâtes is géométrie as explained above. Since our aim is to correct the optical spectra, I hâve used Ay (Balmer) for these galaxies. As the error on Ay (Balmer) is dominated by the error on the if7 line, we can assume that the errors on Ay (Balmer) and Ay(IR) are not correlated. Thus, the error of the final extinction dépends on the error of the two extinction estimâtes.

Contamination by AGN radiation

Before studving metallicities in galaxies we hâve to identify the objects whose lines are affected by contamination from an AGN, see 

Outflows

I hâve determinate the Av in a sub-sample of 20 galaxies of sample A from the comparison of the velocity of émission lines with those of absorption lines, see Introduction Section 1.4. The results hâve been published in [START_REF] Puech | The baryonic content and Tully-Fisher relation at z^O[END_REF]. Among these galaxies, I found systematic shifts in only three or possibly four of them (at a <100km/s level in J033224. 60-274428.1, J033225.26-274524.0, J033214.97-275005.5, and possibly in J033210.76-274234.6). We hâve concluded that large-scale outflows do not play an important rôle in this représentative sample of intermediate mass galaxies.

Hints of feedback can be also detected from the émission line profiles, see Introduction Section 1.4. I hâve found only three galaxies in Sample A which présent complex profile. It confirais the previous results: feedback may not be an important process in intermediate redshift galaxies. This is not surprising because ail the galaxies considered here liave large baryonic masses, in excess of 10I * * * * * * * * 10 M©, and not very large star formation rates: as such the energy developed by massive stars is always negligible when compared to that from gravitational motions. 

Metallicity

One of the main aims of my thesis was to derived the métal content of distant galaxies and compare it with those of local galaxies in order to constrain the Chemical évolution. To avoid bias arising from the metallicity calibration (see Introduction Fig. 1.12), I hâve used the same strong line ratio and calibration in the FORS2 sample than those used by the reference local sample, Tremonti et al. (2004).

Validity of the adopted calibration

The Tremonti et al. (2004) calibration is a strong-line method that uses the R23 parameter. It lias been derived in SDSS galaxies and may not be valid for galaxies having different properties that the SDSS sample, see discussion in Part I 1.6.2. Can we use the strong-line calibration based on SDSS galaxies sample to dérivé the metallicity of intermediate redshift galaxies? I hâve searched in the IMAGES sample for evidence of different physical condition in the HII région of z~0.6 galaxies by comparing their positions with those of local galaxies in diagnostic diagrams. As shown in Fig. 3.6 and 3.7. the intermediate redshifts galaxies lie in the same locus as the SDSS galaxies. There is no evidence that HII région in intermediate redshift hâve different physical conditions than the local counterparts. Therefore, the metallicity calibration based on SDSS sample can be applied to the FORS2 sample. This resuit is consistent with the previous work of Hammer et al. (1997); [START_REF] Tresse | The Canada-France Redshift Survey -XII. Nature of emission-line field galaxy population up to z=0.3[END_REF] for galaxies at lower redshift 0<z<0.3.

Chapter 3.

The properties of the ISM in z~0.6 galaxies \ 1 I Delta velocity of emisison lines [km/s] Figure 3.5: Velocities offset of émission and absorption lines compared to the médian velocity in 12 galaxies of Sample A. Delta velocity is defined as being the différence between the mean velocity deviated from ail lines and the mean velocity considering only émission or absorption lines.

3.4.2

Metallicity estimated from the i?23 parameter

The Tremonti et al. (2004) metallicity calibration is defined by: 12 + log(0/H) = 9.185 -0.313x -0.264x2 -0.321x3 , (3.5) where x = log R23

The calibration from Tremonti et al. (2004) is valid only for the upper branch of the R23 vs 12 + log O / H relation. I hâve assumed that our sample of intermediate-mass galaxies lies in the upper branch. In fact, galaxies in the extreme end of the lower branch are extremely rare at the given range of stellar mass and are associated with dwarf galaxies. For moderate metallicities, near the turning point of the relation, the uncertainties in selecting the appropriate branch is smaller than the uncertainties from sky and extinction, see Fig. 3.9. I test this hypothesis with the N202 indicator. There are only 4 galaxies in our sample wdth [NU] measurements: ail hâve

log f {[N11))/f {[011}) > -1
and therefore belong to the upper-branch (Kewley and Dopita, 2002). Maier et al. (2004) and later [START_REF] Nagao | Gas metallicity diagnostics in star-forming galaxies[END_REF] hâve suggested to use the O3O2 ratio to select the valid branch of the R23 calibration. Confronting observations from the SDSS to grids of photoionization models, [START_REF] Nagao | Gas metallicity diagnostics in star-forming galaxies[END_REF] hâve shown that the observed R23 belongs to the upper-branch of the R23 sequence if O3O2 < 2. Indeed, the ratio [OIII]À5007À)/[OII]A3727 is also a good metallicity diagnostic, thanks to the small dispersion of the ionization parameter at a given metallicity. The Figure 3.8 shows the distribution of the log(Os02) ratio for the FORS2 sample. Expect the AGN candidates, ail galaxies verify 0s02<2 and therefore the validity of using the upper branch of the R23 sequence is confirmed. I think that, with a large level of confidence, ail the objects lie in the upper branch of the R23 vs 12 + log(0/H). Nine objects (short dash). The intermediate redshift galaxies lie in the same locus than the SDSS galaxies and thus may hâve the same physical properties than local galaxies. Whereas, the high-z galaxies are offset to high [OUI]/Hg ratio compared to the local sample. [START_REF] Liu | Metallicities and Physical Conditions in Star-forming Galaxies at z ~1.0-1.5[END_REF] suggest that this offset can be due to higher ionization parameter in the HII région of high-z galaxies.

hâve logi?23 > 1 where the Tremonti et al. (2004) calibration is not defined. In such cases I hâve adopted the limit given by log R23 = 1.

Metallicity estimated from the R% parameter

For the 5 lowest redshift galaxies (type E3 in Table 2), the [OU] émission line falls out the wavelength range. I hâve used in this case the R3 parameter defined by [START_REF] Edmunds | On the composition of H II régions in Southern galaxies. III -NGC 2997 and 7793[END_REF] :

R3 = 1.35 X ([0111]X5007/H3) (3.6)
The oxygen abundance was estimated with the calibration proposed by [START_REF] Vacca | Optical spectrophotometry of Wolf-Rayet galaxies[END_REF]: from Osterbrock (1989). The z~0.6 galaxies lie in the same locus in the diagnostic diagram than the local galaxies and they thus may share the same physical properties.

Uncertainties

The uncertainties in the data were assumed to be Poisson distributed. The error budget of émission line flux includes contributions from the sky and the object. The errors of line ratios and metallicity hâve been calculated using Monte-Carlo simulations taking into account the error on extinction and the sky error on line flux.

Star formation rate

The three SFR rates hâve been calculated using the calibration of [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF] that assume a Salpeter (1955) IMF.

SFR from the Ha luminosity

At high-z, the Ha line is redshifted outside the optical window. In such a case, the SFR can be estimated from the higher order Balmer lines such as H0 line or FTy. The Ha flux is estimated from the H3 flux by applying the theoretical ratio between Ha and H3, see Part I sectionl.2.2. In the FORS2 sample, the SFR (Ha) hâve been estimated from the H 3 luminosity since only 4 galaxies hâve a spectral range covering the Ha line. The aperture correction has been determined using 2 or 3 bands (mean value), see Fig. Chapter 3.

The properties of the ISM in z^O.6 galaxies

The uncertainties hâve been calculated by propagating the error on the measurement of the H/3 flux and the error on the extinction.

SFR from the ultraviolet luminosity

The SFR(UV) has been estimated in the sample using the rest frame luminosity at 2800Â and équation 1.12 of the introduction part. The derived SFR(UV) has not been corrected from dust extinction. Thus, it only traces the unobscured star-formation. The absolute luminosity at 2800A has been evaluated by fitting the galaxy SED with a linear combination of 6 stellar populations from Chariot k Bruzual 2007 models and a two components extinction law of Cardelli et al. (1989), see Chapter 5 for more details. This method does not give reliable dérivation of global properties such as the stellar mass or the extinction, but it gives very robust absolute magnitudes. It should be seen as an interpolation of the SED. The conversion of the absolute magnitude in UV to luminosity is given by: Lv{UV) = io-°-4x(M28oo-5i.63) (3.8) The uncertainty on the SFR(UV) is derived by propagating the error on the détermination of the M2800 coming from the uncertainty of the photometry and on the SED fitting. The galaxies of this sample hâve U and B band observations from ACS/HST and in some cases UV photometry from GALEX. Therefore, the estimation of the magnitude at 2800A is very robust, random uncertainty <0.3 mag, because it results from the interpolation between the blue bands.

SFR from the infrared luminosity

To estimate the IR luminosity in the sample I hâve used the calibration of [START_REF] Chary | Interpreting the Cosmic Infrared Background: Constraints on the Evolution of the Dust-enshrouded Star Formation Rate[END_REF]. These authors hâve implemented calibration between the 12/ira, 15fim -band luminosity and the bolometric IR luminosity. At z~0. £(i+*)15 nm = 4îr(3.086 x 1024DL)2/(24^m) (3.10) and then convert it into Ljr using the calibration of [START_REF] Chary | Interpreting the Cosmic Infrared Background: Constraints on the Evolution of the Dust-enshrouded Star Formation Rate[END_REF] :

L,R = ll.lt!;? >< £?5Mm [START_REF] Ramsay | Non-thermal émission in the atmosphère above mauna kea[END_REF](4)(5)(6)(7)(8)(9)(10)[START_REF] Cuby | Isaac: 18 months of paranal science operations[END_REF] For the 17 objects without MIPS détection, I hâve computed the upper limit to SFRjr from the Ljr limit of détection given in 3.6.

The gas radius the UV light emitted by the young stars. For the 17 objects without MIPS détection, I defined the total SFR as being the sum between SFRffa and SFRuv-

3.6

The gas radius

The gas radius from Rhaïf For a thin exponential disk, the optical radius is 1.9 times the half light radius10 (Persic k Salucci 1999). In a first approximation Rgas is proportional to 1.9xRhaif to the rotation disks+ galaxy for which the velocity measurement are more uncertain (see Puech et al. (2008)). From Puech et al. (2009) 'The half light radius, Rhalf, is the radius of a circle drawn on the sky that included half of the galaxy light.

Chapter 3.

The properties of the ISM in z~0.6 galaxies Calibration Rhalf to Rgas for distant galaxies I hâve derived a corrective relation for using Rhalf [UV] x 1.9 as a proxy of Rgas In a first approximation I hâve used the absolute K band magnitude derived from the SED fitting with MgiexiarjLk expected by observed rest frame B-V color (Bell et al., 2003) and converted to a Salpeter (1955) IMF. The convertion between [START_REF] Kroupa | On the variation of the initial mass function[END_REF] and Salpeter (1955) is described in Bell et al. (2003). I will discuss in detail on the stellar mass in the next. chapter.

See also Hammer et al. (2010) for the detailed discussion on the effect on the gas fraction of the chosen semi-empirical model used to dérivé the stellar mass. Chapter 4

The Chemical évolution of the ISM Introduction 

Sélection effect

The z=0.6 sample lias been selected in absolute luminosity in the near-IR, which is a good proxy of the stellar mass (Delgado-Serrano et ai, 2010). I hâve shown in Chapter 2 that the sample is also représentative of the luminosity function at the given redshift. However, since the aim of this work is to study the properties of the ionized ISM, only star-forming galaxies with émission lines EW([0II])>15A hâve been selected. Quiescent galaxies are not included in the sample since they hâve EW([0II])<15A. (Hammer et al., 1997) hâve shown that quiescent galaxies represent 40 % of galaxies at z=0.6 and more than 80% in the local Universe. However, quiescent galaxies hâve small fraction of gas and may thus hâve small impact in the Chemical évolution of galaxies at the given redshift. Quiescent galaxies are thus a controlled source of systematics. However, an important bias due to sélection effect can arise from the population of Low Surface Brightness galaxies (LSB). The studies in the local Universe hâve shown that LSB hâve low density mass, small SFR and low metallicity but hâve surprisingly high gas fraction (more than 50% of their baryonic mass). Despite their high gas content, the gas is rather extended in LSB and their gas density are below the star-formation threshold of the Kennicutt-Schmidt law and explain why LSB hâve low SFR. At z=0, LSB represent a tiny fraction of galaxies, few percents, but their density number may increase with redshift. A strong évolution of LSB could hâve important conséquences on the models of galaxy évolution.

4.2

The stellar mass-metallicity relation

Introduction

The origin of the M-Z relation

The évolution of the métal content in the gaseous phase of galaxies is an important tool to understand the physical processes controlling the évolution of galaxies. On the one hand, the metallicity of the gas reflects the amount of gas reprocessed by stars and the exchange with the environment. On the other hand, the stellar mass reflects the amount of baryons locked into stars. Therefore, the study of the stellar mass-metallicity relation (M-Z) allows us to disentangle the contribution of several processes taking place during galaxy évolution such as star-formation history, outflows powered by supernovae or stellar winds and infall of gas by mergers or secular accretion.

The corrélation between stellar mass and gas metallicity lias been widely studied since [START_REF] Lequeux | Chemical composition and évolution of irregular and blue compact galaxies[END_REF]. Figure 4.1 shows the corrélation found by Tremonti et al. (2004) using ~53 000 local star-forming galaxies from the SDSS. This strong corrélation reflects the fundamental rôle that galaxy mass plays on galaxy Chemical évolution. There are two scénarios explaining the origin of the M-Z relation:

• The high metallicities in massive galaxies is caused by higher star-formation efficiencies in these galaxies. In other words, galaxies with higher masses hâve converted more rapidly their gas into stars than low mass galaxies. In this scénario, low mass galaxies are still converting their gas into stars and thus still enriching the ISM with metals. The local M-Z relation is thus a snapshot of a sequence in astration11 (Tremonti et al., 2004). This scénario is supported by gas fraction observations [START_REF] Boselli | 1.65 Micron (H Band) Surface Photometry of Galaxies. VI. The History of Star Formation in Normal Late-Type Galaxies[END_REF][START_REF] Mcgaugh | Gas Mass Fractions and the Evolution of Spiral Galaxies[END_REF]Schiminovich, 2008): low mass galaxies hâve larger gas fraction (40% for log Msteiiar ~9.5, according to Schiminovich (2008)) while massive galaxies hâve already exhausted their gas réservoir (fgas= 10% at log Mstellar 11).

4-2.

The stellar mass-metallicity relation shows the residuals of the fit. From Tremonti et al. (2004).

• The low métal content of low mass galaxies is due to the loss of metals by gas outflows. Low mass galaxies hâve small gravitational potentials which cannot retain the éjection of metals from supernova winds [START_REF] Larson | Effects of supernovac on the early évolution of galaxies[END_REF]. This scénario is supported by the observation of strong stellar outflows in local and distant starburst galaxies (Heckman et a/., 2000) and by the presence of metals in the intergalactic medium [START_REF] Gibson | Supernovae Types Ia/II and intracluster medium enrichment[END_REF][START_REF] Heckman | Galactic Superwinds Circa[END_REF].

Nevertheless, these two scénarios are not incompatible since they are both driven by the gravity: massive galaxies evolve more rapidlv due to their short gravitational collapse time scale and are not affected by outflows because their potential well prevent the éjection of gas outside the Systems. On contrary, low mass galaxies hâve very long gravitational collapse time scale and they thus enriched their gas in métal more slowly. In addition, their potential well are not enough strong to retain the gas expelled by supernovae.

There are alternative scénarios to explain the shape of the mass-metallicity relation. For example, [START_REF] Koppen | A possible origin of the mass-metallicity relation of galaxies[END_REF] hâve suggested a scénario based on a variable integrated stellar initial mass function. They argued that at times of low star formation, the stellar initial mass function does not extend to as high masses as during high star formation epochs. This leads to both higher oxygen abundances and higher effective yields in strong starbursts

The local M-Z relation

An homogeneous estimation of oxygen abundance and stellar mass for a large sample of local galaxies by Tremonti et al. (2004) hâve enable to robustly establish the M-Z relation in the local Universe. However, the origin of the corrélation is still in debate. According to Tremonti et al. (2004) the origin of the local M-Z is the preferential loss of métal in galaxies with log Msteiiar < 10

To$s Chapter 4

The Chemical évolution of the ISM (See Part II 4.5). On the contrary, Vale [START_REF] Vale Asari | The évolution of the mass-metallicity relation in SDSS galaxies uncovered by astropaleontology[END_REF] hâve claimed that the M-Z relation is mainly driven by the star formation history and not by inflows or outflows for galaxies with present-day stellar masses down to log -A/Steiiar <10. These authors hâve used the same SDSS sample that Tremonti et al. (2004) but hâve derived stellar metallicities from a full-spectrafitting method instead of gas metallicities derived from émission lines, which could explain the différence.

High-z studies

In the past years, a large amount of spectroscopic observations of distant galaxies hâve been achieved. These surveys hâve enable the study of the M-Z relation up to 2 ~3, which has shed more light on the following questions: Is the Chemical évolution of distant galaxies driven by the same mechanism that local galaxies? Is the évolution of the metallicity in agreement with the theoretical scénarios of galaxy évolution? Several studies hâve characterized the relation at higher redshift: 0 < z < 1 (Kobulnicky and Kewley, 2004;Liang et al., 2006a;[START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF][START_REF] Lamareille | The évolution of the mass-metallicity relation up to z~0.9 from the VIMOS/VLT Deep Survey[END_REF], l<z <2 [START_REF] Liu | Metallicities and Physical Conditions in Star-forming Galaxies at z ~1.0-1.5[END_REF]Erb et al., 2006b: Shapley et al., 2004;[START_REF] Maier | Oxygen Gas Abundances at z~1.4: Implications for the Chemical Evolution History of Galaxies[END_REF] and z>3 [START_REF] Maiolino | The évolution of the massmetallicity relation at z[END_REF]. Most of these studies agréé on a évolution toward lower metallicities at higher z of the M-Z relation. However, the évolution of the shift as a function of redshift and the possible change of the M-Z relation shape is still in debate.

The discrepancies between studies may arise from the inhomogeneities on the methods used to measure metallicities, the spectra quality. and sample sélection. Redshift Survey (Kobulnicky and Kewley, 2004) are limited by the absence of flux calibration, making it impossible to estimate the extinction and thus metallicities (Liang et al., 2006a). I will discuss below on the possible systematics in the studies of [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF] and [START_REF] Lamareille | Physical properties of galaxies and their évolution in the VIMOS VLT Deep Survey. I. The évolution of the mass-metallicity relation up to z = 0.9[END_REF].

I

4.2.2

The stellar mass-metallicity relation at z~0.6

The aim of this work is to obtain a robust M-Z relation for a reasonably large sample of inter mediate mass galaxies at z~0.6 and compare it with the local relation of Tremonti et al. (2004).

I hâve followed the methodology proposed by Liang et al. (2006a), which consists in a accurate estimate of the extinction and underlying Balmer absorption in order to obtain reliable R23 abundance déterminations, as described in the previous chapter.

I hâve compared the métal abundance of our sample of 88 distant galaxies (derived in previous the Chapter) with those of local starbursts from SDSS (Tremonti et al., 2004). I hâve found that distant galaxies are métal déficient compared to local starbursts, as shown in Fig. the différence between its metallicity and the metallicity given by the Tremonti et al. (2004) relation for its stellar mass. The offset of the z~0.7 relation is the médian of this différence for ail galaxies with stellar masses over the limit completeness. The uncertainty was estimated using a bootstrap re-sampling method. There is a large dispersion of the data around the médian relation at z~0.7, about ±0.45 dex which is intrinsic to the objects (see discussion in The shift is assumed to be only due to a metallicity évolution. Indeed, Liang et al. (2006a) argued that the évolution in the M-Z relation is due to a diminution of the métal content in galaxies rather than an increase of their stellar mass. In fact, the amount of star formation necessary to increase the stellar mass by a factor of ten would imply that almost ail the light in distant galaxies is associated with a very young stellar population. However, the spectra of these galaxies show a mixture of young, intermediate and old stellar populations (see next chapter).

Comparison with the other intermediate redshift studies [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF] hâve derived the M-Z relation at 0.4<z<1.0 for a sample of 56 galaxies. Half of the galaxies hâve been observed by the Gemini Deep Deep Survey and hâve flux-calibrated spectra. The rest of the sample hâve been selected from [START_REF] Lilly | The Metallicities of Star-forming Galaxies at Intermediate Redshifts 0[END_REF] which used obser vations of the Canada-France Redshift Survey. They hâve found a temporal évolution in the M-Z relation with galaxies at z~0.7 tending toward to lower metallicity than local galaxies of similar masses. However, the shift is smaller than those found in the current study: ~-0.1 dex at log Msteiiar = 10. They hâve also observed that the average metallicity of the most massive galaxies has not evolved from z~0.7 to the présent day and thus hâve claimed this as evidence for downsizing effect in Chemical évolution. The current work is in disagreement with those of [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF], since I hâve found a stronger évolution of the relation toward lower metallicities at the same stellar masses: -0.1 dex in [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF] versus -0.3 dex in this work, for galaxies at log Msteliar ~10. The effect of extinction may be one of the reasons for the différence between our observations and those of [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF]. In fact, extinction and stellar absorption under the Balmer lines hâve not been estimated for each galaxy. These authors hâve measured an average extinction and absorption correction in a composite spectrum of ail galaxies in the GDDS sample and applied this average extinction, Ay = 1, in ail galaxies to correct émission lines. This extinction value is underestimated by about ~1 mag for at least. one third of the [START_REF] Lilly | The Metallicities of Star-forming Galaxies at Intermediate Redshifts 0[END_REF] sample, which corresponds to LIRGs. Liang et al. (2006a) hâve estimated that this underestimation of the extinction in the [START_REF] Lilly | The Metallicities of Star-forming Galaxies at Intermediate Redshifts 0[END_REF] sample leads to an overestimation of ~0.3dex on metallicity, which can explain the discrepancy with our sample. Furthermore, the average extinction used by [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF] may be underestimated because the combining spectra used to measure Hy and H 3 lines is dominated by low extinction Systems. Moreover, the majority of massive galaxies in the Savaglio et al.

(2005) sample corne from the measurement.s of [START_REF] Lilly | The Metallicities of Star-forming Galaxies at Intermediate Redshifts 0[END_REF] which are from spectra with low S/N and spectral resolution. The galaxies in the GDDS sample in [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF] hâve low luminosities and also can be affected by the low S/N of the spectra which does not allow one to retrieve proper extinction from Balmer lines for individual galaxies. These effects are amplified for evolved massive galaxies, especially those experiencing successive bursts and containing a substantial fraction of A and F stars. Unfortunatelv these stars are prédominant in intermediate mass galaxies, and thus contaminate extinction measurements by their large Balmer absorption. [START_REF] Lamareille | Physical properties of galaxies and their évolution in the VIMOS VLT Deep Survey. I. The évolution of the mass-metallicity relation up to z = 0.9[END_REF] hâve derived the mass-metallicity relation of star-forming galaxies up to z~0.9, using data from the \TMOS VLT Deep Survey. At z~0.77, they hâve found that low mass galaxies, log Msteilar -9.4 M0, hâve metallicities -0.18 dex lower than galaxies of similar masses in the local Universe. On the contrary to [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF], they hâve observed that massive galaxies {log Msteuar ~10. The stellar mass-metallicity relation 

Influence of morphological and environment properties

The effect of the environment and morphology on the M-Z relation lias been recently investigated in the local Universe. Kewley et al. (2006) hâve found that the metallicity in the nuclear régions of galaxies in very close pairs is displaced to lower levels than those measured in more distant pairs and isolated galaxies. The authors hâve claimed that this effect is caused by gas inflows triggered by interactions. I hâve searched for systematic effects due to environment properties by isolating the sub-sample of galaxies standing in the CDFS structures, situated at z=0.670 and z=0.735. Métal abundance may be higher in these galaxies because of higher merger rates and then faster galaxy évolution. Nevertheless. I hâve found that the galaxies in the CDFS structures are located in the same locus as the rest of the sample and thus there is no evidence of anv bias. This is probably due to an effect of data sélection. The working sample majority includes starburst galaxies with inter médiate mass. The evolved galaxies in structures are expected to be massive galaxies with poor star-formation. 2004) is marked with a green line. Only galaxies over the completeness limit logMsteiiar <10 hâve been taken into account to calculate the médian shift. The two black lines in the right panel are the médian of the two previous bin.

measurements of oxygen abundance and stellar mass. In fact, particular care has to be taken when comparing metallicities from different metallicity estimators, especially when the aim is to evaluate the offset between samples. The systematic error due to the use of different calibrations be as high as 0.5 dex and thus can be higher than the métal évolution, cf. [START_REF] Rupke | The Oxygen Abundances of Luminous and Ultraluminous Infrared Galaxies[END_REF]; [START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF]. I hâve thus trying to minimize the possible sources of bias induced by the unhomogeneous estimation of stellar mass and metallicity.

The samples used in the comparison are described belowc • Lara-Lopez et al. (2009) hâve derived the M-Z relation of massive (log Msteuar > 10.5 71/©) star forming galaxies from SDSS-DR5. They hâve found a décrément of ~0.1 dex in 12 -f log(0/H) from redshift 0 to 0.4. The metallicity has been estimated using the R23 method with the Tremonti et al. ( 2004) calibration. The stellar masses hâve been derived from full-spectra fitting method using the STARLIGHT software. According to Mateus et al. (2006), this method gives stellar masses 0.2 dex higher than those derived from bayesian method (Kauffmann et al., 2003a;Tremonti et al., 2004).

• [START_REF] Liu | Metallicities and Physical Conditions in Star-forming Galaxies at z ~1.0-1.5[END_REF] published the mass-metallicity relation for 20 galaxies from the Deep 2 Galaxy Redshift Survey at 1.0 < z < 1.5. We only considered the 7 galaxy spectra having individual oxygen measurements. As only [OUI], H/3, [NII] and HQ émission line measurements were available from the NIRSPEC/Keck observations, the N2 parameter was used with the Pettini and Pagel (2004) calibrator to estimate their metallicity. The stellar masses were calculated from K-band photometry and the procedure proposed by [START_REF] Bundy | The Mass Assembly Historiés of Galaxies of Various Morphologies in the GOODS Fields[END_REF].

• At z~2, [START_REF] Shapley | Evidence for Solar Metallicities in Massive Star-forming Galaxies at z > 2[END_REF] observed 7 star-forming galaxies. Their oxygen abundance was estimated using the N2 parameter and the Pettini and Pagel (2004) calibration. Their stellar masses were calculât ed bv fitting their spectral energy distribution.

• At the same redshift, (z)=2.26, Erb et al. (2006b) hâve measured the métal abundance of 6 composite spectra from 87 star-forming galaxies selected by ultraviolet rest-frame luminosity and binned by stellar mass. They used the same calibration for estimating 12 + log(0/H) and the same stellar mass estimâtes as [START_REF] Shapley | Evidence for Solar Metallicities in Massive Star-forming Galaxies at z > 2[END_REF].

• [START_REF] Maiolino | The évolution of the massmetallicity relation at z[END_REF] presented preliminary results from the AMAZE large program to constrain the M-Z relation at z=3, see also [START_REF] Mannucci | LSD: Lyman-break galaxies Stellar populations and Dynamics -I. Mass, metallicity and gas at z = 3.1[END_REF].The oxygen abundance was measured by the R23 parameter and following the procedure described by Nagao et al. (2006). We only selected the 5 objects above our stellar mass completeness limit and used the R23 measurement to estimate the métal abundance using the Tremonti et al. (2004) calibration. The stellar masses hâve been derived by fitting the spectral energy distribution to multi-band photometry using Hyperzmass [START_REF] Pozzetti | The VIMOS VLT Deep Survey. The assembly history of the stellar mass in galaxies: ftom the young to the old universe[END_REF].

Three samples use the N2 parameter to evaluate the oxygen abundance. Unfortunately, metallicity estimation based on N2 can give strongly discrepant results compared to those de rived from i?23 and thus cannot be directly compared. To compare the galaxv metallicities using the N2 parameter I decided to re-evaluate the metallicities using the Denicolo et al. I hâve assumed that the shape of the 1M-Z relation remains constant over the past 8 Gyr.

Notwithstanding, several authors hâve claimed a change of the slope in the relation at higher redshift [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF][START_REF] Lamareille | Physical properties of galaxies and their évolution in the VIMOS VLT Deep Survey. I. The évolution of the mass-metallicity relation up to z = 0.9[END_REF]Erb et al, 2006b), but the effect seems not to be very strong within this range of stellar mass and the change of slope is a source of intense debate in the community.

The main source of systematic uncertainty is the one induced by the metallicity calibrations, mainly the différence between the calibrations based on N2 and i?23-However, even using the Pettini and Pagel (2004) et al., 2004;Bell et al., 2003) ) and the 58 intermediate-z galaxies above the completeness mass limit in red filled circle. Galaxies below the completeness mass limit are plotted with red open circles. The local relation is plotted in green (Tremonti et al., 2004) 

4.3

The star-formation efficiency 1 hâve estimated the doubling time, defined by = ^teilar/'Si^TotaO for émission line galaxies in the IMAGES sample. The SFR for galaxies without IR détection was estimated using the Lir limit of détection of MlPS/Spitzer and the SFR2800 (see previous the Chapter).

I confirm that massive galaxies convert less gas into stars than lower mass galaxies at 0.5 < 2 < 1: e.g the tü for a massive galaxy (log Msteiiar=ll) is above 3 Gyr whereas a less massive galaxy (logMsteiiar^lO.S) doubles its stellar content in less than 1 Gyr. Tins effect is usually called "downsizing": low mass galaxies form stars at later epochs than massive galaxies.

The small values of the doubling time in intermediate mass galaxies at z~0.6 (see Figure 4.6) confirm the strong évolution of these sources at tins epoch. I hâve found that the doubling time diminishes with redshift which is mainly due to the star-formation activity increase with redshift.

4-4-Evolution of the g as fraction 

Evolution of the gas fraction

In this section I dérivé the gas fraction of a représentative sample of 2 ~0.6 intermediate mass galaxies. I hâve gathered high-z samples with gas fraction estimation and compared them with the 2 ~0.6 galaxy sample. In order to compare homogenous gas fractions and stellar masses at different redshifts, I hâve converted ail the gas fraction and stellar masses to the same IMF. The stellar masses are ail given in Salpeter 'diet' IMF (Bell et ai, 2003) and the SFR used to dérivé the gas mass are in 'regular ' Salpeter IMF. Hammer et al. (2009c) hâve argued that the stellar masses derived with 'diet ' Salpeter IMF with the Bell et al. (2003) recipe are roughly equal to those derived from Bruzual and Chariot (2003) models and a 'regular' Salpeter IMF. I hâve thus not corrected the stellar masses and SFR for this two different IMFs.

4.4.1

The gas fraction at z~0.6

Description of the data sample

In Section 3.7, I hâve derived gas fractions for a sample of 45 intermediate mass galaxies, at 2 ~0.6, hereafter Sample A. I hâve completed this sample with 36 galaxies from Puech et al. sample. The downward arrows are galaxies without 24 gm détection for which the SFR hais been estimated using the the détection limit Tir limit of détection of MlPS/Spitzer. The approximated location of quiescent and LSB galaxies, which are not included in the sample, are represented by red and blue région.

of their AB absolute magnitudes in K-band with the K-band luminosity function at z=0.5 and z=l from [START_REF] Pozzetti | The I<20 survey. V. The évolution of the near-IR Luminosity Function[END_REF] M k (mag) Ij -g 1Q5 g-1).88y.loghîsteuar

The solution of the best-fit is shown in fig. 4.9. The la spread of the data is about ± 14% in fi.

Comparison with local sample

The gas fractions in z~0.6 intermediate mass galaxies are larger than in the local Universe. For reference, the Milky Way lias a gas fraction of 12% (Flynn et al. 2006) and M 31 lias /i=5% (Carignan et al. 2006). In the local Universe, the gas fractions derived from the K-S law are twice lower than those of z~0.6 galaxies (ALFALFA survey by Schiminovich (2008)). Compared to the local relation of Schiminovich (2008), the z ~0.6 galaxies hâve ~10% (20%) higher gas fraction than their local eounterparts at log Msieuar = 10.43 Mq (9.8 M©).

Is the sample SFR-limited?

By construction (see 2.4), the IMAGES sample is made up of émission lines galaxies with EW(if/3)>15A and hence it is SFR-limited. This limit in SFR induces a lower limit on the with triangles. The color red codes the availability of 24pm observations: red symbols are galaxies without MIPS détections. For these galaxies the total SFR has been estimated using the SFRhp (extinction and aperture corrected) for the Sample A data and SFRum from the MIPS détection limit at z~0.6 (Le Floc'h 2005) for Puech et al. ( 2010) galaxies. The red dashed-line represents the effect of the limit détection of the SFR on the gas fraction.

Mgas which can be detected. Such a limit affects the low mass région in which only the very gasrich objects can be detected. The p détection limit has been evaluated using S F Rnm=2AlQ/yr.

As the dependence of Rgas on the stellar mass is small, a possible évolution of the mass-size relation does not dramatically affect the calculation of the p détection limit. In fig. 4.8, I hâve overploted the p détection limit as a function of the stellar mass using a red dashed line. The z ~0.6 galaxies are well over the SFR limit threshold. I hâve concluded that the shape of the p vs. logMstar relation and the higher gas fraction found are real and are not due to any bias from the SFR-limit. The approximated location of quiescent and LSB galaxies, which are not included in the sample, are represented by red and blue région.

Low Surface

Brightness

.>< LogM star masses and then estimate the gas mass. To be consistent with the gas fractions derived in the z ~0.6 sample, I hâve re-estimated the gas fractions in the [START_REF] Daddi | Very High Gas Fractions and Extended Gas Réservoirs in z = 1.5 Disk Galaxies[END_REF] sample from the tabulated Rco, SFR and logMsteuar and the I\-S law. This new dérivation leads to a médian gas fraction of 61%±6 for a médian log Msteuar=10.72. This value is in very good agreement with the gas fraction derived by [START_REF] Daddi | Very High Gas Fractions and Extended Gas Réservoirs in z = 1.5 Disk Galaxies[END_REF] from the simulation.
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Erb et al. (2006a)

The galaxies discussed in this paper are drawn from the rest-frame UV-selected z~2 spectroscopic population described by St.eidel et al. (2004). The sample is not necessarily représentative of the UV-selected sample as a whole, because objects were chosen for near-IR spectroscopy for a wide variety of reasons, such as: galaxies near the line of sight of a QSO; elongated morphologies in most cases, with a few more compact objects; galaxies with red or bright near-IR colors or magnitudes; galaxies with excellent deep rest-frame UV spectra (Erb et al., 2006c).

Even more, due to the criteria of sélection, they may hâve selected red and bright objects and therefore mainly massive galaxies at these redshift (see figure 5 of Erb et al. (2006c)). Given the distribution of stellar mass, the sample of Erb et al. (2006c) is représentative of massive galaxies with log Msteuar > 10.8 Mq). The representativity of the full sample of UV-selected galaxies at z~2 is however difficult to evaluate.

In order to hâve homogeneous measurements and méthodologies between the 2 ~2 and In fig. 4.10, I hâve plotted g as a function of log Msteüar for the z ~2 galaxies, with the new estimation of g. The g limit détection has been plotted with a red solid line. The sample is not biased by the SFR-limit and thus the large gas fraction found for low mass galaxies is not due to the effect of the limit of SFR détection. However, it is difficult to infer any conclusion about the z-2 galaxies because the sample is not complété for massive galaxies with log Mstellar < 10.7 Mq.

z~3 sample [START_REF] Mannucci | LSD: Lyman-break galaxies Stellar populations and Dynamics -I. Mass, metallicity and gas at z = 3.1[END_REF] In [START_REF] Mannucci | LSD: Lyman-break galaxies Stellar populations and Dynamics -I. Mass, metallicity and gas at z = 3.1[END_REF], the authors présent preliminary results for the sizes, SFRs, morpholo gies, gas-phase metallicities, gas fractions and effective yields of a sample of z~3 Lyman-break galaxies. However, they hâve not considered companions and secondary peaks of émission when measuring the gas extension. Therefore the gas mass is only consistently derived for the central région and the gas fraction estimation may suffer of strong underestimation. I hâve thus decided not to keep this sample in the comparison.

4.4.3

Evolution of the gas fraction during the past 8 Gyr The Erb et al. (2006b) sample is only complété for massive galaxies with log M > 10.7 Mq.

Thus the comparison between the local, z ~0.6 and z ~2 sample is only valid for galaxies above this limit. I found a significant évolution of the gas fraction of 9 -14% in the high mass galaxies. In the local Universe the mean gas fraction in the 10.6<log M<11.2 interval is 10%, and evolves to 19-24% at z ~0.6 and reaches 34-45% at z ~2.

12The SFRho. does not trace the same population than the SFRjr, however [START_REF] Flores | Star formation rates of distant luminous infrared galaxies derived from Ha and IR luminosities[END_REF] hâve shown that when corrected from aperture and extinction the two SFR estimâtes give similar results. (4.3) This resuit has to be put in parallel with the évolution of metallicity in the gaseous phase for star-forming galaxies, see fig4.5. The two quantifies hâve complementary évolution: gas decreases by a ratio of 0.052 dex per giga year while metallicity increases by 0.046 dex per giga year. It suggests that ail the évolution of the gas content in those galaxies is due to the conversion of gas into stars.

Systematics

The comparison between the gas fraction of different samples can be affect.ed by several sys tematics, such as the estimation of the gas radius and the SFR, and the representativity of the Chapter 4

The Chemical évolution of the ISM 2010) hâve discussed that the variation on the power law of the K S does not affect this range of S SFR. Therefore, a possible évolution of the power-law index of the K-S law, between z=0 and z~0.6, will weakly affect the results. Uncertainties in estimating the gas mass are probably dominated by the déter mination of the gas radii. Indeed, the gas radius is difhcult to measure with accuracy for severals reasons. To overcome the lack of data giving the distribution of the ionized gas, the UV-band lias been used as a proxy of the ionized gas. However, [START_REF] Puech | The baryonic content and Tully-Fisher relation at z^O[END_REF] hâve shown that the extension of the ionized gas can be much more extended than the UV light in intermediate redshift galaxies. The gas radius derived from UV half radius can thus be underestimated in distant galaxies. Moreover, the gas surface is calculated by assuming a circular overture, while galaxies at high redshift hâve clumpy morphologies. The complex distribution of the gas in high-z galaxies may introduce large uncertainties in the dérivation of the gas mass. Lookbock time (Gyrs) The Chemical évolution of the ISM where yz is the true nucleosynthetic yield. defined as the mass of newly produced metals that is locked up in long-lived stars and stellar remnants and p the gas fraction. The model assumed the following assumptions :

1. the System is closed, no infiow or outflow;

2. the initial gas is pristine;

3. the metals produced are instantaneously mixed in the ISM.

To evaluate the déviation of the évolution of a galaxy to a closed-box model, the effective yield defined by yeff = Zgas/ln{\/p) is compared to the true yield. In fact, any infall of pristine gas or expulsion of metals through an outflow will decrease the value of the effective yield, see analytic models from [START_REF] Edmunds | General Constraints on the Effect of Gas Flows in the Chemical Evolution of Galaxies[END_REF]. As instance, [START_REF] Dalcanton | The Metallicity of Galaxy Disks: Infall versus Outflow[END_REF] hâve investigated the influence of gas fall in the effective yield using analytical models. They hâve demonstrated that:

(1) metal-enriched outflows are the only mechanism that can significantly reduce the effective yield, but only in gas-rich Systems;

(2) that it is nearly impossible to reduce the effective yield of a gas-poor System, no matter how much gas is lost or accreted; (3) any subséquent star formation rapidly drives the effective yield baek to the closed-box value.

Yield in the local Universe Tremonti et al. (2004) hâve derived the yield of 53 000 local star-forming galaxies from the SDSS and found that low mass galaxies hâve lower effective yield than massive galaxies. This trend can be explained by the presence of strong outflows in low mass galaxies. Indeed, the intensity of an outflow is expected to be more important in low mass galaxies in which the gravitational potential well is small, allowing metals to escape from the System. The autors argue that outflow is the main driver of the mass-metallicity relation shape in the local Universe (Tremonti et al. 2004), see Fig. 4.13.

Yield in high-z galazies

In the last five years, numerous surveys hâve collected gas metallicities and gas fraction for a large number of local to very high redshift galaxies. These observations hâve allowed to investigate the contribution of outflows and inflows at different epochs. Contrary to what is found in the local Universe, [START_REF] Erb | A Model for Star Formation, Gas Flows, and Chemical Evolution in Galaxies at High Redshifts[END_REF] and [START_REF] Mannucci | LSD: Lyman-break galaxies Stellar populations and Dynamics -I. Mass, metallicity and gas at z = 3.1[END_REF] hâve shown that the effective yield decreases with the stellar mass at redshifts above 2: Massive galaxies are more distant to a closed-box évolution than less massive ones. These surprising results can be explained by considering the infall of pristine gas. [START_REF] Erb | A Model for Star Formation, Gas Flows, and Chemical Evolution in Galaxies at High Redshifts[END_REF] hâve recently proposed an analytic model to describe the effect of infall and outflow on the évolution of metals, assuming a star formation given by the Kennicutt-Schmit law. She found that the strong star formation in z = 2 galaxies is sustained by the aecretion of gas at approximately the gas processing rate, the outflow rate is roughly equal to the SFR, and métal enrichment is modulated by both outflows and inflows.

Using a similar approach, [START_REF] Mannucci | LSD: Lyman-break galaxies Stellar populations and Dynamics -I. Mass, metallicity and gas at z = 3.1[END_REF] hâve reached the same conclusion for z = 3

Lyman break galaxies.

4.5.2

The yield at z~0.6

Using the metallicities and the gas fractions derived in the previous chapter, I hâve estimated the yields of sampleA, a représentative sample of 2 ~0.6 intermediate mass galaxies. Figure outflow and infall of [START_REF] Erb | A Model for Star Formation, Gas Flows, and Chemical Evolution in Galaxies at High Redshifts[END_REF]. The data is compatible with models close to the closed-box model having small contribution of outflow and infall.

Toward a Chemical enrichment scénario

The quality of the FORS2 data hâve allowed us to investigate the main ingrédients of the Chemical évolution: metals, gas mass, stellar mass, and the SFR. The main results are:

• The M-Z relation at 2 ~0.6 puts on evidence the strong évolution (~0.3 dex) of métal content in the gaseous phase of galaxies (section 4.2.2).

• The M-Z relation at 2 ~0.6 has a larger dispersion than the local relation (section 4.2.2).

• The gas fraction doubles from z=0 to 2 = 0.6 (section 4.4.1).

• The effective yield of 2 ~0.6 galaxies is concordant with a closed-box model. However, small contributions of outflows and infalls are not excluded (section 4.5.

2).

• There is no evidence of outflow from 2 ~0.6 galaxy spectra and therefore, that largescale outflows do not play an important rôle in intermediate mass galaxies at this redshift (section 3.3). In this section, I propose to assemble ail these observations together into a consistent picture of the Chemical évolution in intermediate mass galaxies.

A closed-box évolution of galaxies during the last 6 Gyr

The observations of the effective yield and the no détection of outflows in the integrated spectra support that z ~0.6 galaxies are well represented by a closed-box model. The validity of the closed-box model can also be tested from the évolution of the métal content and the gas fraction.

Indeed, the amount of gas converted into stars assuming a closed-box model can be estimated from the M-Z relation, following the same methodology as Kobulnicky and Kewley (2004) and Liang et al. (2006a). The métal abundance Z is related to the gas mass fraction by (4-7> where p = Mgas/(Mgas + -Alstellar) is die fraction of gas. As the yield is constant, the variation of metallicity dépends only on the variation of the gas fraction :

d(log Z)/dp = 0.434/plnp, (4.8) 
The metals produced by a given fraction of gas in a closed-box model is thus given by:

A P/H] = \0/H]tm + (4.9)

Given the observed évolution of the gas fraction. I hâve estimated the évolution of the local M-Z relation of Tremonti et al. (2004) at z ~0.6 in the frame of a closed-box model. At a fix stellar mass, [O/H] is the metallicity at z=0 given by Tremonti et al. (2004) , p. is the fraction of gas at 2 ~0.6 and A/a is the évolution of the gas fraction between z=0.6 to z=0. I hâve assumed that galaxies follow the logMsteiiar vs M relation of Schiminovich (2008) in the local Universe and the équation 4.2 for intermediate redshift galaxies. The shift can be due to a systematic effect in the measurement of the metallicity or in the gas fraction. An overestimation of the gas fraction in the z~0.6 sample or an underestimation in the local universe can lead to the observed shift.. However, the effect can be physical and may be due to a small amount of gas infall (not pristine). I am currently investigating the effect of such an infall using the analytic models of [START_REF] Erb | A Model for Star Formation, Gas Flows, and Chemical Evolution in Galaxies at High Redshifts[END_REF].

A closed box model is a very crude approximation for intermediate mass galaxies, which can be affect.ed by gas outflows, inflows and minor or major mergers. Indeed, a large number of results of IMAGES reveals the importance of merger events at intermediate redshift. A closed-box scénario, where galaxies evolve secularly, seem to be in contradiction with the violent exchanges of gas between galaxies during interaction and merger events. However, within a statistical argument, the whole intermediate mass galaxy population can be assumed to charaeterize most Chapter 4

The Chemical évolution of the ISM of the gas to mass ratio of the Universe (Liang et al., 2006a). There are no infall or outflow, merger event with object outside the population of intermediate mass galaxies. For instance, in Delgado-Serrano et al. ( 2010), we hâve shown that the probability of a merger between two intermediate galaxies which will resuit in a remnant outside the range of mass is very small.

The validity of closed-box model for the population of intermediate mass galaxies favors the conclusion of Hammer et al. (2009b).

4.6.2

The effects of mergers in the dispersion of M-Z at z ~0.6

Merger events induce redistributions of the gas &: stars, and can power strong star-formation rate.

During the past years, several authors hâve investigated the effects of interactions and mergers on the Chemical content of galaxies. Kewley et al. (2006a) hâve found that the metallicity in the nuclear régions of galaxies in very close pairs is displaced to lower levels than those measured in more distant pairs and isolated galaxies. The authors hâve claimed that tliis effect is caused by gas inflows triggering by the interactions. [START_REF] Michel-Dansac | The mass-metallicity relation of interacting galaxies[END_REF] hâve found that for pairs showing signs of strong interactions, the mass-metallicity relation differs significantly from that of galaxies in isolation. In such pairs, the mean gas-phase oxygen abundances of galaxies with low stellar masses {log Msteiiar < 9) exhibit an excess of 0.2 dex. Conversely, at larger masses {log Msteiiar > 10) galaxies hâve a systematically lower metallicity, although wdth a smaller différence (-0.05 dex). Using N-body/SPH numerical simulations of equal-mass mergers, Rupke et al. ( 2010) hâve showm that the low métal content found in the nucléus of interacting galaxies is due to radial inflow of low-metallicity gas from the outskirts of the two merging galaxies.

Between the first and the second passage of the merger, low-metallicity gas from outer régions of the galaxy is tidal torqued into the high-metallicity galaxy center, resulting in gas with a lower average abundance. This results lias been confirmed by [START_REF] Montuori | The "Dilution Peak[END_REF] who hâve estimated a timescale around 108 years or less for these strong inflow épisodes. As the merger proceeds, the star formation depletes the gas and increases the métal content. The metallicity of the central région increases to a level higher than the initial metallicity of the merging galaxies.

This scénario was first suggested by [START_REF] Rupke | The Oxygen Abundances of Luminous and Ultraluminous Infrared Galaxies[END_REF] to explain the low metallicities of local LIRGs, see figure 4.16. The large scatter in metallicity observed at intermediate redshifts, similar to those of local LIRGs, can be reproduce by the diversity of galaxy building historiés within the framework of a merger scénario. I hâve found a similar trend in the IMAGES sample: LIRGs hâve lower metallicities than the star-forming galaxies at the same stellar mass. Unfortunately, the majority of LIRGs and the most métal poor galaxies in the sample do not hâve deep imagery because these galaxies arise from Liang et al. (2006a) sample which does not hâve ACS imagery.

However, two galaxies from CDFS sample with lower metallicities with regards to médian M-Z relation at z~0.6 seem to be mergers or interacting galaxies. For instance, J03324.60-274428.1 lias two cores and can be probably classified as a merger during a first passage, see figure 4.17 left.

J03337.96-274652.0 (right) lias a very perturbed morphology. The galaxy lias a large amount of faint objects in its outskirts and an intense star-formation activity in the outer région of its disk (from the color map). Many of these faint objects hâve similar colors to the galaxy outskirt, and examination of its image strongly suggests that they are associated to it. The numerous surrounding satellites make us to suspect that the galaxy is apparently experiencing large gas infall/outflows in its halo. Its morphology is very similar to J033214.97-275005.5 which lias been classified as a merger near fusion by Hammer et al. (2009c). However, only kinematical observations will enable us to class with a good confidence level these two galaxies. I hâve also investigated the properties of over-métal rich galaxies in the M-Z relation. According to [START_REF] Montuori | The "Dilution Peak[END_REF] these galaxies should be late stage of merger. The luminous J033245.ll-Figure 4.16: M-Z relation for starburst galaxies at z~0.6 and local LIRGs from [START_REF] Rupke | The Oxygen Abundances of Luminous and Ultraluminous Infrared Galaxies[END_REF].

The symbols used in this plot are the same as in Fig. 9. The local LIRGs are plotted as black stars.

274724.0 galaxy seem to be a good example of such kind of object. It lias very high métal content, Log(0/H + 12) = 9.14 and the detail simulation of its morpho-kinematics has proved that it corresponds to a final stage of major merger, see section 5.5.1.

'Downsizing' and hierarchical scénario

The spécifie SFRs and the gas fractions of 2 ~0.6 galaxies show evidence of 'downsizing': low mass galaxies form stars and evolve at later epochs compared to massive galaxies. Several authors hâve pointed out that downsizing is in contradiction to the hierarchical scénario. Massive galaxies form later than low mass galaxies by accretion of small dark halos, in the bottom-up scénario. However [START_REF] Mouri | Downsizing of star-forming galaxies by gravitational processes[END_REF] and [START_REF] Neistein | Natural downsizing in hierarchical galaxy formation[END_REF] hâve demonstrated that the downsizing of star-forming galaxies is inhérent to gravitational processes in the hierarchical scénario. Low mass galaxies hâve very long gravitational collapse time-scales due to their small potential well. Thus thejr start to produce stars later than massive galaxies.

4.6.4 Chemical évolution of galaxies at higher redshift According to [START_REF] Erb | A Model for Star Formation, Gas Flows, and Chemical Evolution in Galaxies at High Redshifts[END_REF] and [START_REF] Mannucci | LSD: Lyman-break galaxies Stellar populations and Dynamics -I. Mass, metallicity and gas at z = 3.1[END_REF], high-z galaxies are very far from a closedbox model. Both authors claim that the accretion of gas at approximately the gas processing rate is the main driver of distant galaxies évolution. The metallicity vs. gas fraction relation in distant galaxies also suggests the importance of outflows in these galaxies. However, these observations can also resuit from systematic effects due to the incompleteness of the high-z samples. The high-z samples selected by émission line only gathered the most. active galaxies where outflows and infalls from merger can hâve strong contributions. This may systematically select galaxies with higher métal contents than the mean distant galaxy population. The émission line selected samples at high redshifts may not be presentative of a complété population of galaxies at a given Stellar mass is found to correlate with many galaxy properties, such as luminosity, gas metallicity, color and âge of stellar populations, star-formation rate, morphology, and gas fraction, to enumerate a few of them [START_REF] Brinchmann | The Mass Assembly and Star Formation Characteristics of Field Galaxies of Known Morphology[END_REF]Bell et al., 2003;Kaufïmann et al., 2003a;Tremonti et al., 2004;Bell et ai, 2007). Ironically, the stellar mass is one of the most 123 poorly constrained quantities in distant galaxies. This difficulty arises from the fact that one of the main contributors to stellar mass, the low-mass stars on the main sequence (type G to K stars) are extremely faint and almost do not contribute to the integrated light of a whole stellar population. The strong dominance of }Toung massive stars in any stellar population is responsible from the strong sensibility of the SED shape to the star-formation history.

5.1.2

The stellar mass-to-light ratio

The stellar mass of a galaxy can be estimated from its luminosity and its mass-to-light ratio (M/L). The value of the M/L ratio dépends on the observed band and the star formation history of each galaxy. In the B-band, main sequence stars represent more than 80% of the light, while the K-band light is dominated by post main sequences star, such as supergiant, AGB and RGB stars, see Fig. 5.1. According to this, the B-band seem to be the most appropriate color band to measure the stellar mass. However, the luminosity in the B-band is dominated by massive young stars from the main sequence (type O to F) which turn the M/Lg very sensitive to the star-formation history and thus the estimation of the stellar mass in this band very uncertain.

Fortunately, the mass-to-light ratio in near IR has a small dependence on the star formation history and it thus well adapted to estimate the stellar mass of galaxies, see Fig 5 .2. This is a intriguing resuit since most of the near IR light is not coming from the main sequence stars which make most of the galaxy mass, see Fig. 5.1. It leads many authors to suspect that large uncertainties are related to these estimâtes, and wonder if these can apply equally to starbursts and early type evolved galaxies. Several methods hâve been introduced to take into account the log (age/yr) Testing the algorithms from the literature which gives considerably less observational constrains than the study of their spectra. There is a extend literature about the estimation of stellar masses and SFH in distant galaxies. Mainly, ail methods rely on the SED fitting from a grid of models with different parametrization of the star formation history, see Part I Chapter 3:

• Simple CSP. The SFH is parametrized by a exponential decaying SFR with an e-folding time r. A simple dust model is assumed. The best-fit-of the data constrain the r, âge, metallicity and extinction (Papovich et ai, 2001;Shapley et ai, 2001;Forster Schreiber et ai, 2004: Erb et al., 2006c).

• Two component CSP. The SED is best-fîtted by the combination of two CSP: a old stellar population modeled by CSP having an exponential dec.ay SFH with a long e-folding time and a young stellar population also modeled by a CSP [START_REF] Papovich | The Stellar Populations and Evolution of Lyman Break Galaxies[END_REF][START_REF] Cole | The 2dF galaxy redshift survey: near-infrared galaxy luminosity functions[END_REF][START_REF] Schawinski | Observational evidence for AGN feedback in early-type galaxies[END_REF].

• Complex CSP with random burst. A grid of models with various SFH is generated by

Monte-Carlo realization. The parametrization of the SFH is similar to the previous one, i.e.

it is defined by an old stellar population with exponential decay SFR and a superimposed burst. The différence with the previous parametrization arise from the Bayesian approach to the problème Indeed, the stellar mass, dust extinction and other quantities are estimated 

Mock galaxy library

To test these methods, I hâve generated a SED library of fake galaxies having similar properties to the IMAGES galaxies. Each galaxy lias been generated by mixing six CSP from CB07 models 

The Bell et al. (2003) recipe

The Bell et al. (2003) recipe is the method that has been used to dérivé ail the stellar masses in the IMAGES survey. This method takes advantage of the tight corrélation found between restframe optical colors and MsteUar/Lk ratios, assuming a universal IMF. These corrélations are found to be relatively insensitive to the details of galaxy SFH, dust content, and metallicity (Bell andde Jong, 2000: Bell et al., 2003), which implies that they are invaluable for deriving stellar mass without being too sensitive to the details of the stellar population synthesis models. In this method, Msteiiar/Lk ratios are corrected for the amount of light due to red-giant stars using g -r colors. According to Bell et al. (2003), the total random uncertainty on log(Msteiiar/M©) at z~0 should be lower than 0.1 dex, and the systematic uncertainties due to galaxy âges, dust, or bursts of star-formation can reach 0.1 dex.

Single complex stellar population fitting

This method assumes a very simple star formation history: an exponential declining SFH with an e-folding time r. It consists on fitting the galaxy SED with a grid of CSP templates covering a wide range of âges (from lOMyr to the âge of the Universe), metallicities (Z=0.005-5.0Z®) and e-folding time r (from SSP to 500 Myr). The best extinction parameters and the normalization parameter are fitted to each template using a y2 minimization algorithm. The best solution is the template with the smallest y2.

The results of the test realized with the fake galaxy library are in agreement with those of Fontana et al. 2004. These authors hâve found that the stellar masses estimated by this method are underestimated by ~25% when the object is observed during a burst. In fact, the SED distribution is dominated by the light produced by the young stars which hide the old stellar population that represent the bulk of the stellar mass. The simple star formation history assumed by this method is not valid for distant star-forming galaxies that are experimenting a strong star-forming burst. Nevertheless, 1-2 Gyr after a burst, the stellar mass can be properly recovered by this method. Test of the method I hâve tested the accuracy of this method to dérivé the stellar mass using the library of fake galaxies described in the previous section. Results are shown in figure 5.5. The method overestimates the stellar mass for ail kind of SFH with an increasing bias towards galaxies with recent star formation: +0.25 dex for galaxies having 30% of their mass in stars younger than 1 Gyr, and +0.4 dex when half of the stellar mass is located in young stars. This systematic effect is expected since the method maximizes the stellar mass.

The effect of TP-AGB

The overestimation of the stellar mass in blue galaxies is due to the main assumption of the method that ail the near IR is produced by old stars. However, such an assumption is not valid for objets which hâve undergone a star formation épisode during the past 1 Gyr. Indeed, from 0.2 to 2 Gyr aft.er the beginning of a burst, the contribution of TP-AGB star at these wavelengths can be very large, see fig 5.6. They can be even dominant in the near-IR: up to 80% in K-band [START_REF] Maraston | Evolutionary synthesis of stellar populations: a modular tool[END_REF].

5.2.5

The impact of the assumed SFH on the stellar mass estimation

In the local Universe, the method described above is robust enough to recover accurate stellar masses. Indeed, the majority of local galaxies lias low SFR and the amount of young and blue stars produced in past bursts has almost disappeared. Their SED is therefore no more dominated 5.2.

Testing the algorithms from the literature From [START_REF] Maraston | Evolutionary synthesis of stellar populations: a modular tool[END_REF] by the light of young stars. A simple stellar population (e.g a CSP) or a SFH parametrized by a young and old component are enough to retrieve reliable estimation of the stellar mass. At higher redshifts, galaxies are in a phase of intense star formation. In starburst galaxies the light emitted by the young and massive stars dominâtes the photon budget along most of the spectral energy distribution and hides the old and intermediate stellar population. The fraction of old stars is systematically underestimated by current methods [START_REF] Wuyts | Recovering Stellar Population Properties and Redshifts from Broadband Photome try of Simulated Galaxies: Lessons for SED Modeling[END_REF]. I hâve thus investigated a new method to retrieve stellar masses and stellar populations in distant galaxies using more complex assumptions on the star formation history. The idea is to décomposé the galaxy into its different components: young, intermediate and old stars and the dust.

Adding a more complex star formation history

In a first attempt, I hâve tried to introduce a more complex star formation history parametrization when estimating the stellar mass of star-forming galaxies. The method is similar to those used in stellar population synthesis, such as full-spectra fitting algorithm. Galaxy is modeled by a combination of several single stellar population templates or complex stellar populations with exponential SFH decay. I am sorry to disappoint here the expectation and curiosity of the reader by revealing in advance the failure of this method on retrieving stellar masses. The failure of such a method is expected because of the degeneracy between age-metallicity and ex tinction, see details hereafter. However. this method lias turned out to be a very efficient way to measure absolute magnitude and it is now used by the group to dérivé the absolute magnitudes of IMAGES galaxies. The fit gives low values of y2 but this does not guaranty that the resuit is physical. Are the derived stellar mass and xl reliable? In figure 5.8, I show the stellar mass derived by the algorithm as a function of the real stellar mass for the sample of fake galaxies. The figure puts on evidence the degeneracy of the problem. In galaxies composed in majority of old stellar populations, the stellar mass is underestimated because of an overestimation of the extinction.

However, the best-fit provides us with an accurate interpolation of the SED and thus enables us to dérivé absolute magnitudes. 

5.3.2

Testing the accuracy on derived absolute magnitudes I hâve compared this method to those used previously in the team (Hammer et al., 2001) to estimate absolute magnitudes. The absolute magnitude of IMAGES galaxies were derived using Bruzual &; Chariot 2001 stellar-population models, assuming a CSP template with solar metallicity and an exponential star-formation history with r = 0.5 Gyr, which describes the properties of most galaxies between z = 0.4 and 1 (Hammer et al. 2001). For each galaxv, an optimal SED was found for each pairs of observed colors. Figure 5.9 shows the comparison between the absolute magnitude in J-band derived by the previous method and those derived by the method described in the current section. I hâve found a good agreement between the The influence of TP-AGB stars is expected to be important at these wavelengths in galaxies having intermediate âge stars. However, I found larger discrepancy when comparing blue-bands. The discrepancy can be explained by the more complex shape of the SED in blue wavelengths, which is not take into account in (Hammer et al, 2001). This new method improves in particular the estimation of the absolute magnitudes in the blue bands. I

LogM* [simulated] am currently testing the accuracy on the derived absolute magnitude using the library of fakes galaxies.

New constrain: the SFR

The method available in the literature suffers from systematic effects due to the simplicity of the assumed star formation history. As described above, the décomposition of the SED by a linear combination of stellar population templates with different âge is not possible because of the degeneracy of the problem. To break the degeneracy, I hâve added a new constrain in the optimization problem: the total star-formation rate (SFRuv and SFRjr).

In starburst galaxies the principal issue to recover properly the stellar populations and the stellar mass is the fact that the young stars dominate the light budget in ail SED. Adding the total SFR constrain allows to résolve the problem by limiting the amount of young stars with âges younger than 100 Myr. In particular, it induces strong constrains in the blue part of the spectra, in particular the amount of light due to young stars and permits to better evaluate the dust obscuration from the blue slope of the SED. Moreover, adding the SFR constrain solves the problem encountered in spectrum synthesis [START_REF] Fernandes | Semi-empirical analysis of Sloan Digital Sky Survey galaxies -I. Spectral synthesis method[END_REF]Mathis et al, 2006), i.e. as well as its contribution to the red part.

An optimization problem

The problem is defined as in the previous section, by équations 5.1 and 5.2, but I add a penalty function to impose the constrain on the SFR:

P(SFR) = • (5.3)
The optimization function to minimize is thus: Let Xi(t) dénoté the position of particle i in the searched space at time step t. The position of the particle is changed by adding a velocity, Vj(t), to the current position, i.e.:

X2(x\, E(B -V). Rv, SFR0bs) = x^0(0(x\ E(B -V), + P(SFR). ( 5 
x*(i + 1) = x*(t) + Vi(£ +1) (5.5)

The velocity vector v* drives the optimization process. It dépends on the experiential knowledge of a particle -the cognitive component-and a socially exchanged information -the social component. The cognitive component is proportional to the distance of the particle from its own best position found since the first time step. The social component reflects the information from ail the particles in the swarm and is proportional to the distance of the particle to the best position found by the swarm, defined as y (t). The velocity of a particle i is calculated as: 134 vij(t + 1) = U'Vy(t) + Ciry(t)(yy (t)-Xy(t)] + C2r2j (i) [y, (i) -Xy(t)], (5.6) where Vij (t) and x^/t) are respectively the velocity and position of the particle i in dimension j -1, ... ,nx at time step t, C\ and C2 are the cognitive and social components, w is the inertial component, and r\j(t) k r2j(t) are random values in the range [START_REF] Log | ter) Log(Mtlellor) Log(M,teHor[END_REF]1], sampled from a uniform distribution. The random values introduce a stochastic element to the algorithm. The inertia weights decreases from 1 at each time step so that after k updates, the value is wk. The optimization of the convergence and time execution of the algorithm is adjusted by the number of particles in the swarm, the number of time step (itération), the number of experienc.es, the inertia, cognitive and social parameters. The optimization of these variables is still in progress.

Lombdo mu Figure 5.11: Synthesis of a real galaxy SED from photometry and observed SFR using a combination of 6 CSP with exponential décliné r=100Myrs and a two component extinction law. The minimization of the x2 statistic has been realized with a particle swarm optimization algorithm.

5.4.3

Validation of the method I hâve tested the accuracv of the algorithm to retrieve the stellar mass using the fake galaxy library. The results are shown in figure 5.12. The algorithm recovers the stellar mass within a random uncertainty of 0.2 dex. There is a small systematic of +0.1 dex in the derived stellar mass and it is more pronounced in galaxies with high fraction of young stars. However, the objects with the worst stellar mass estimation coincide with those having the higher yI 2. I hâve concluded that in some cases the algorithm has not finished to converge. To test this hypothesis, I hâve modeled the SED of some galaxies with a different set of algorithm parameter: larger number of swarm particles and expériences. The execution time increases, around one hour per galaxy, but the quality of the fit improves and the stellar masses are recovered within a random uncertainty of 0.1 dex for ail SFH. 

Systematics and limitations

The preliminar}' results show that the constrain on the SFR improves the accuracy on the derived stellar mass and stellar population in star-forming galaxies. The degeneracy on âge and extinction can be broken by using the SFR as a new constrain. However, the test realized does not account for the uncertainties due to templat.e mismatches. Indeed, I hâve used the same models for simulating fake galaxies and for extracting the stellar population. I am planning to realize more tests using fake galaxies with more complex SFHs, such as model galaxies taken from hydrodynamical merger simulations [START_REF] Wuyts | Recovering Stellar Population Properties and Redshifts from Broadband Photome try of Simulated Galaxies: Lessons for SED Modeling[END_REF] and to evaluate the uncertainties due to the models (Conrov et al., 2009(Conrov et al., , 2010;;Conroy and Gunn, 2010).

Application to individual galaxies

I hâve applied the swarm algorithm and fuli-spectra fitting methods to individual galaxies of the IMAGES sample. I présent hereafter the study realized in two CDFS galaxies in the context of a modeling campaign of distant galaxies started by the group.

The photometric measurements corne from the catalogue described in 2.3.2. I hâve shifted the observed quantities to the rest frame, A = Xobs/(I + z), f\ = f%bs x (1 + z) and af = crobs/{1 + z). The kinematical axis is strongly offset (~45°) from the photometric major axis of the disk and is slightly offset from the galaxy centre (Fig. 4, upper panels), arguing for a non-axisymmetric, heavilv perturbed and out of equilibrium disk. Morphology and kinematics show that botli gas and stars spiral inwards rapidly to feed the disk and the central régions. According to the merger simulations of Barnes 2002, the particular structures bar+arms observed is tvpical of galaxy mergers well after the collision. This observation lias led us to model the galaxy as a merger of two equal-mass gaseous-rich galaxies on an inclined orbit. The morphology and kinematics are consistent with the properties of the rémanent galaxy observed 0.5 Gyr after the merger, see Figure 5.14.

ISM properties and stellar population modeling

FORS2 spectroscopy from the IMAGES survey is available for this object (Rodrigues et al. (2008) and previous chapters). The spectrum lias a high quality and it is at least comparable to the spectrum of a tvpical galaxy from the SDSS. A first look to the spectrum allows us to argue that it is dominated by the light from young and intermediate âge (A/F) stars. Indeed, the strong approaching; red: recessing) from the background (dotted fines) to the foreground of the disk (full fines).

The bar close to the centre is inclined with respect to the disk plane, explaining its disappearance at the top-right of the bulge as well as the asymmetry between the two arms. The resulting dynamical axis is thus caused by the gas motion both through the bar and around the disk. Bottom right: resuit of a galaxy collision (1:1 mass ratio) with an inclined orbit (close encounters) from Barnes (2002), 0.5 Gyr after the merger. The gas wraps up inside the disk, creating a bar and a symmetric-arm System whose motion does not follow the gas rotation, creating shocks and high velocity dispersions (seen as red particles in the simulation), which are consistent with observations. From Hammer et al. (2009a) spectral energy distribution of the galaxy with a mixture of six stellar populations and a twoparameter extinction law. The optimization of the stellar population décomposition has been performed with the Swarm intelligence algorithm described in previous chapter. According to the simulation, the first impact would occur at 0.5 Gyr, the merging of the nuclei at 1.1 Gyr, the appearance of the non rotating two-armed System at 1.6 Gyr, and its disappearance at 1.9 Gyr.

These numbers are quite consistent with the âges of the stellar populations which dominate the remarkable agreement-between those lines with a scatter of only 15 kms~l. We excluded the two [SU] lines, since tliey exhibit a mu ch larger shift, presumably due to the fact that they lie at the edge of the spectrum, where wavelength calibration may be more uncertain. Examining the absorption lines with a reasonable S/N (Balmer H12 and Hll, Call K, Cal, Nal-Dl and D2), I find a larger scatter of 52kms~l as expected by the larger uncertainty on measuring absorption lines. The absorption and émission line Systems appear to hâve the same velocity, within an uncertainty of 33/cras-1, a value far below the expected uncertainties on absorption measurements.

The galaxies do thus présent no evidence of outflows.

Examination of the emission-line profiles also show no evidence of an outflow. An absence of a significant outflow contribution is unsurprising given the high mass of the galaxy, whose gravitational forces prevent stellar super-winds dominating the velocity field.

5.5.2

A face-on merger at z=0.7: J033227.07-274404.7

In Determining the morpho-kinematic properties of a face-on merger at z=0. The object consists of an elongated structure about 1.52 arcsec (llkpc) long and a smaller structure (2.45kpc) located to the north-northwest of the main structure. A small faint structure is also seen to the Southwest of the elongated structure. Bluer colors are seen ail the way from the center of the main galaxy to the companion. The smaller région to the Southwest has very blue colors. The colors are consistent with those of pure starburst and Sbc galaxy (Neichel et al, 2008) and thus suggest that the whole galaxy is actively forming stars. The elongated structure show a very uniform VF. see Figure 5.15 upper-row. For these pixels, the global velocity gradient is shallower than 14 km. s~l . The extremely small velocity gradient is a surprising observation for this galaxy. In fact, small velocity gradients are expected in face-on galaxy, whereas the observed morphology suggests that the galaxy is on contrary seen edge-on. On the other hand, the northwest structure (upper northernmost pixel) has a velocity that differs by more than 130 km s~1 from that of the other régions. We hâve identified this System as resulting from a 3:1 merger activating a giant bar in a previously face-on dise.

ISM properties and stellar population modeling

The galaxy has a FORS2 spectrum from the GOODS spectroscopic survey, see Fig. 5.17. From the study of the émission lines, we hâve found that the galaxy is almost devoided of extinction (from Balmer décrément) and that the ISM may be affected by shocks according to the strong émission of the [NeIII]A3869A line. To constrain the stellar population content of the galaxy, I hâve performed a fit to the observed spectrum with a linear combination of stellar libraries.

I hâve used a base of 39 template single-stellar-populations (SSPs) from [START_REF] Coelho | Spectral models for solar-scaled and alpha-enhanced stellar populations[END_REF], of 13 âges (from 10 Myr to 5 Gyr) and 3 metallicities (subsolar, solar, and supersolar) using the STARLIGHT software [START_REF] Fernandes | Semi-empirical analysis of Sloan Digital Sky Survey galaxies -I. Spectral synthesis method[END_REF] the ZENO code (Barnes 2002). Snapshot shows the encounter just after the second peri-passage ( 12Myr after) and 1.93 Gyr after the first peri-passage. The FLAMES IFU grid is superposed to simulate Preparing the E-ELT era

Despite the great progress in our understanding of galaxy évolution and formation during the past decade, the key question of the stellar mass assembly -how and when galaxies assembled across cosmic time -remains a main issue. Pushing the actual 8m class télescopes and the Hubble Space Telescope to their limits, it is only possible to study galaxies up to z=l with the same detail than local studies. Although galaxies at higher redshift hâve been detected, the limitation on the spatial resolution and the low signal-to-noise of the observations and the strong bias on the representativeness of these galaxies prevents from having a consistent snapshot of galaxy • James Webb Space Telescope. This spatial telescope is planned to replace the Hubble Space Telescope in 2014. It is an optical and near infrared telescope and it has a 6.5-meter primary mirror.

• Extremely Large Telescope. Three optical-to-near IR ground-based télescopes with a primary mirror greater than 20m of diameter are planned to be constructed in the next ten years. The most ambitious project is the European-Extremely Large Telescope (E-ELT) promoted bv the European Southern Observatorv (ESO), which will hâve a primary mirror of 42 meters.

• Atacama Large Millimeter/submillimeter Array. ALMA is a millimetre-/submillimetrewavelength interferometer array. It will mainly observe the molecular gas of distant galax ies.

• Square Kilometer Array. SKA will be a radio array with a total collecting area of approximately one square kilometer. It will map out the cosmic distribution of neutral hydrogen at high cosmological distances.

The Galaxy Etoile Physique Instrumentation lab (GEPI) at the Observatoire de Paris, my hosting lab, is involved in several E-ELT projects, such as the telescope design (the M4 dé formable mirror), adaptive optic module (the laser tomography AO module ATLAS) and instru ments (OPTIMOS-EVE and EAGLE). In this nourishing environment, I had the opportunity to participate in a phase-A E-ELT instrument: OPTIMOS-EVE, a fiber-fed visible-to-near infrared multi-object spectrograph. My work in the consortium is to define a strategy to sample the sky around each scientific target and develop spécifie software to subtract the sky. In tliis chapter, I will start to quickly describe the E-ELT project and then présent the driving science cases and the technical design of OPTIMOS-EVE. In the last sub-section I will discuss on the pros and cons of fiber-fed and multi-slit spectrograph. I will particularly emphasize the issue of sky extraction which, as I will show, is one of the technical challenges for faint spectroscopy with fiber-fed instrument.

European Extremely Large Telescope

The European Extremely Large Telescope (E-ELT) is an ambitious project for a 42m primary mirror optical-to-near infrared telescope, operated by the European Southern Observatory. The E-ELT is expected to reveal a revolutionary view of the Universe enabling the study of extrasolar planets (in the Galaxv and nearby dwarfs), of stellar populations in external galaxies, and of faint distant galaxies tracing the early history of the Universe.

Since January 2007, the project is in phase B and will lead to the proposai for construction.

The phase B includes contract with industry to design and manufacture prototypes of key éléments (primary mirror, M4 and mechanical structure). The first light is expected in 2018. 
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rapid switching between instruments at. any time.

LGS In parallel to the E-ELT study, the "E-ELT Design Study", partially funded by the European commission, hâve defined a complété list of instruments able to fulfill the science cases of the E-ELT (DRM E-ELT/ESO http://www.eso.org/sci/facilities/eelt/science/drm/). As in the case of the VLT, most of the instruments design and construction will be carried out by the community.

In September 2008, eight instrument concepts and two post-focal AO modules (MCAO and LTAO) hâve been defined and committed to consortia (see Table 1.1, for the characteristic of the future instruments). The Phase A of the instruments are now complété and the sélection of Phase B instruments are planned to be announced this year. Two instruments are planned to be operational for first light, from which OPTIMOS is a possible candidate.

OPTIMOS-EVE

OPTIMOS-EVE is a fibre-fed, optical-to-infrared multi-object spectrograph designed to ex plore the large field of view provided by the E-ELT at seeing-limited conditions. Therefore, OPTIMOS-EVE is well-suited to be used in the early operational phase of the E-ELT and also beyond, wlien the atmospheric conditions will not be optimal to provide full adaptive optics corrections. OPTIMOS-EVE is one of the few E-ELT instruments under study that will explore the visible to near-infrared wavelength région. The OPTIMOS-EVE phase A study Science Team studied a number of key science cases covering the three main science thèmes motivating the development of the E-ELT (Science Case for the E-ELT. Ed. I. Hook): (i) Planets and Stars; (ii) Stars and Galaxies; (iii) Galaxies and Cosmology. The Science Team explored 5 key science cases from which the scientific and technical requirements for OPTIMOS-EVE hâve been derived:

• Planets in the Galactic bulge and stellar clusters, and in external dwarf galax ies. In spite of the fact that over 400 extra-solar planets are known, these are mostly hosted around stars in the solar vicinity. The few distant planets known do not hâve orbits, masses etc. We expect, on theoretical grounds, that the environment plays a significant rôle in the process of planet formation. Therefore, it is important to detect and characterize planets in environments different from the solar vicinity, like the Galactic Bulge and Local Group dwarf spheroidals. With its capability of obtaining a radial velocity précision of 10 m/s for giant stars down to the 20th magnitude OPTIMOS-EVE will make such a study possible.

Its multiplex capabilities will allow us to monitor a significant number of stars in each observed field.

• Resolved stellar populations in nearby galaxies. With VLT we are beginning to study in detail the stellar populations of the Local Group galaxies. However, many galaxv types are not présent in the Local Group. In order to make real progress in our understanding of galaxv formation and évolution we need to study in detail ail the different types of galaxies which can be found in the groups of Sculptor and Cen A. The high efficiency low-resolution mode of OPTIMOS-EVE and its high multiplex grant this possibility.

• Tracking the first galaxies and cosmic re-ionization from redshift 5 to 13. We know, from the fluctuations of the microwave background, that at z-10 the Universe was already largely re-ionized. Nevertheless, we know little about the objects that produced this re-ionization. The search for the "first lights-', the sources of the photons responsible for the re-ionization can be carried out with OPTIMOS-EVE, which, thanks to the IR arm, holds the promise of tracing these up to z=13.

• Mapping the ionized gas motions at large scales in distant galactic haloes. The observations of the local Universe hâve shown that galaxies are surrounded by extended haloes of ionized gas. These haloes are the interfaces of the galaxies to the intergalactic medium and the way to enrich it of metals. The study of these haloes also allows understanding the history of galaxy-galaxy interactions, since these alwavs leave recognizable signatures on the halo kinematics. Such studies could be conducted with an instrument like GIRAFFE at the VLT up to a redshift of z~0.5; OPTIMOS-EVE will make this possible up to a redshift of 3.5.

• 3D reconstruction of the Intergalactic Medium. We know that the space between galaxies and galaxy clusters is not empty, but is filled with a very low density warm medium. Such a medium shows up as Ly alpha absorption in the spectra of distant quasars.

Although this affords a 'cut througlT of the structure of the IGM along the line of sight, nothing is known about its transverse structure. Cosmological simulations show that the IGM lias a filamentary structure and filament crossings correspond to the locations of galaxy clusters. Sonie information on the transverse structure can be obtained in the case of pairs of gravitationally lensed quasars. OPTIMOS-EVE will provide sufficient resolution and sensitivity to use Lyman-break galaxies of 25th magnitude as background sources.

These galaxies hâve a sufficient space density to allow a 3D reconstruction (tomography)

of the IGM, a real 3D picture which may be compared to cosmological simulations.

1.2.3

System overview OPTIMOS-EVE has been designed for the E-ELT Nasmyth focus and provides low-, mediumand high-resolution spectroscopy (R~5000 -30000) from the ultraviolet to the near-infrared (0.37 to 1.7 À) for multi-object studies of sources nearbv and at cosmological distances. The instrument consists of three main sub-systems: • Mono object (MO), that cornes in three different sub-modes providing different spectral resolutions. The MO LR mode will permit to observed at low spectral résolution (R=5 000) 240 objects with a spatial résolution of 0.3". The medium and high resolution modes will allow to observe respectively 70 and 40 objects within an aperture of 0.9" and 0,72" and a spectral resolution of 15 000 and 30 000.

• Medium intégral field unit (MI): 30 IFU composed by 56 fibers covering a surface of 2"x3".

The spatial resolution is 0.3" and the spectral resolution is fixed to R=5 000.

• Large intégral field unit (LI): one large IFU of 15"x9" composed by 1650 fibres. The spectral and spatial resolution are the same as for the MI mode. As explained previouslv, the OPTIMOS project is composed by two parallel studies, which investigates the fiber-fed technology (EVE) and the slit spectroscopy (DIORAMAS) in the frame of multi-object spectroscopy. In this sub-section, I describe the key parameters that define the performance and efficiency of a multi-object spectrograph and compare them in the case of fiber and slit technology instruments. The weight given to these factors dépend on the scientific targets and goals. I will focus on the comparison of two OPTIMOS science cases: high-z galaxies and resolved stellar population of nearb)r galaxies.

Global efficiency

Historically, fiber-fed instruments hâve been considered to be unsuitable for faint object spec troscopy. In fact, until very recently the low efficiency of througput in fibers h ad limited the total efficiency of fiber-fed spectrographs. To give an example, the multi-slit spectrograph FORS2/VLT lias an effective efficiency of ~25% while GIRAFFE/VLT, a fiber-fed spectro graph, has an efficiency around 8-10%. However, thanks to important progress in fiber technologv, it is now possible to design multi-fibers spectrographs with efficiencies close to multi-slit technology. OPTIMOS-EVE will hâve an average throughput of 26% in the R=5000 mode, for the mono-object fibers, including an estimated 67% throughput of the fibre System.

Aperture loss

Both technologies suffer from aperture loss. However, the issue was considered more critical for fiber-fed instruments. Fibers hâve smaller collecting area than slit and any uncertainty on the positioning induces dramatically aperture losses. Early fiber-fed instruments suffered from large uncertainties on the positioning of the fibers, mainly due to the mismatch on astrometry of input catalog, the low précision of the fiber positioning System, curvature of the focal surface, bad telecentring angle of fibers and the effect of the atmospherical refraction (Newman et al. 2002).

However, after two décades during which more than 40 fiber spectrographs hâve been built or proposed, these issues hâve been in majority successfully solved. As an example, the GIRAFFE positioning robot hâve a précision of 10\im. Actual astrometric catalogues hâve précision of 0.15" but the forthcoming génération of catalogue will hâve précision reaching 0.05" (e.g VISTA). I hâve investigated the aperture loss in both Systems arising from the only géométrie factor. In 
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In the case of point source observations, as in resolved stellar population science cases, the dimension of the aperture is optimized to minimize the losses of light at a given wavelength.

It results in a necessary trade-off between S/N and aperture size. The optimum fiber aperture or slit height is determined from the computed S/N changes versus aperture and seeing. I hâve simulated images of point source objects, modeled by a 2D gaussianlû, at different seeing condition-from seeing-limited to GLAO. I then modeled slit and fiber observations with different aperture dimensions, assuming a perfect c.entering of the apertures, and c.alculate the S/N in each case. The signal to noise is defined as the fraction of flux falling into the aperture (ex to encircled energy, EE) divided by the square root of the aperture area (flux from the skv).

It corresponds to a S/N ratio: EE\fSkÿ. In the case of slit, the area of aperture considered corresponds to the height of the slit vs the 6 x a of the light distribution, which corresponds

to an optimized extraction of the object, see Fig. 1.5. From the simulations, I hâve concluded that the optimum dimension for the slit height is ~1.2 x seeing and ~1.3 x seeing for the diameter of fibers. In the optimal régime, slit reaches lower S/N than fiber. around 20% less, because more sky is sampled in a rectangular aperture.

For extended sources, I hâve simulated disk galaxies of several sizes observed with a slit of 0.5" height and evalua.ted the fraction of light losses by the aperture. Galaxies are modeled by ellipses of ellipticity e, size of major axis a and principal angle q>, see Fig. 1.6. The light distribution follows a bivariante gaussian distribution with a\ and <72 equal to a/6 and 6/6

respectively. For a given galaxy size a, I hâve simulated 1000 galaxies with ellipticity following a lognormal distribution (distribution of the e of SDSS galaxies by Ryden et al. 2003) and a uniform distribution of phase angle from 0 to tt. Fig. 1.6 shows the fraction of light loss by the aperture as function of galaxy size for a 0.5" slit. High-z galaxies hâve typicallv half-light radii around 0.5 arcsec, as indicated from HST imaging of objects at z~5-8 (Ellis et al. 2001, Richard et al. 2008, Oesch et al. 2010b). Taking into account the effect of seeing 16 the characteristic size of high-z galaxy is between ~1.6". A 0.5" slit will loss around 50% of the target light due to the aperture loss. In fiber instruments, the aperture loss can be considerably decrease by using integrated field unit. OPTIMOS-EVE will hâve two IFU modes which will match the size of distant galaxies (Medium IFU (MI) = 1.8"x2.9") and extended sources (Large IFU (LI) = 7.8"xl3.5"). The sampling of the IFU is settled to 0.3" for a seeing limited instrument covering the UV to the NIR.

Multiplex capability

An important point for multi-object instruments is to maximize the number of objects observed in a scientific exposure. It dépends on the size of the field of view, the number of spectra.

which can be sampled on the detector (multiplex) and the space density of target in the field.

Technically the multiplex of slit and fiber instruments are nearly identical, but the cost of multiplex is higher in fiber-fed instruments due to the complexity of their opto-mechanic design.

This budget reason hâve led to construct multi-fiber instruments with less effective multiplex than the slit counterparts. However, fiber spectrograph hâve the advantage to be able to observe large number of objects in large fields of view. Indeed, fiber-fed spectrographs are particularly stable and are not affected by mechanic problems from the self-deformation of large (and tlius heavy) mask used in multi-slit spectroscopy. Moreover, in crowded field, fiber-fed instrument hâve higher effective multiplex. In fact, the sélection of the targets is verv flexible compared and the black dashed line represents the case of a MO fiber of 0.9".

1.2.
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to multi-slit spectrograph. It is only restricted bv the minimal séparation possible between two fiber buttons. In multi-slit observations, the sélection of targets hâve to take into account the avoidance of spectra overlapping, which can be very challenging in a field with high density of targets.

Spectral resolution and coverage

A main différence between the two technologies is the use of different dispersion Systems. Slitinstruments use grisms which allow an easy switch between imagery and spectroscopy mode, but hâve the drawback to be limited to a maximal spectral resolution around 3000 [START_REF] Ebizuka | Development of high-dispersion grisms and immersion gratings for spectrographs of the SUBARU Télescope[END_REF]. Fiber-fed instruments use in general grating which allow to reach very high spectral reso lution ~100 000. The optimal range of spectral resolution for a spectrograph dépends obviously on the scientific cases. However, in the near-IR, the abundance of strong OH sky lines turns is a deciding point. In a large number of science case the observations of émission or absorption lines will need to be done between the skylines, implying a minimal spectral resolution. A spectral resolution larger than 4 000 is mandatory in the NIR to provide enough spectral régions that are only limited by sky background and not affected by strong OH skylines, see Fig. addition, contrarilv to multi-slit spectrograph in which the spectral coverage of each spectrum dépends on the position of the object in the field of view, ail spectra obtained by a fiber-fed instrument hâve the same spectral coverage.

Sky subtraction

Multi-fibers spectrograph are accused to suffer from a major drawback: the low précision of sky subtraction. This is a critical issue in the case of faint object spectroscopy. In slit observations, the sky is directly sampled in the adjacent side of the object and can be extracted with an accuracy beneath 1%. The sky subtraction is more problematic in fiber-fed observations because the sky cannot be sample in the immédiate vicinity of the target. This comparison has led to a commonly held view that précisé sky subtraction cannot be achieved with a multi-object fibre spectrograph. In spite of ail the advantage of fiber-fed instrument cited previously, the quality of the sky-subtraction is the primary justification for the construction of slit System. Several cons hâve been cited in literature against, accurate sky subtraction in fiber-fed instrument, such as: spatial variations of the sky background, spatial variations of the quantum efficiency of the detector, variation of the response fiber-to-fiber (transmission, instrumental flexure), scattered light, cross-talk between fibers [START_REF] Wyse | Sky subtraction with fibres[END_REF][START_REF] Watson | Fiber sky subtraction revisited[END_REF]. To overcome these difficulties, two standard observational procedures hâve been implemented to treat the sky subtraction in fiber-fed instruments:

• Simultaneous background. Several fibers are dedicated to sampling the sky in the région of observations. The number of sky fibers dépends on the wavelength domain observed, the dimension of the field of view and the required on quality of sky-subtraction (see Chapter 3). Observations hâve to be previously corrected from the individual response of the fiber and scattered light.

• Beam-switching. Each fiber is switched between an object and a sky position (nodding).

This strategy has the advantage to observe the sky background with the same fibers used for the targets (Watson 1987). The sky and the instrumental signal can be subtracted simultaneously. However, this procedure implies to dedicate half of the observation time to sky sampling and does not account for temporal variation of the sky Ramsay et al.

(1992); Li Causi and de Luca (2005).

Both procedures hâve advantages and drawbacks. Sky-subtraction algorithm and procedures for fiber-fed spectrographs, available in literature, hardly reach quality of 1%. Solution based on observational strategies hâve been found for fiber transmission, scattered light and cross-talk and are described in the OPTIMOS-EVE scientific analysis report.

Summary

In the last paragraph, I hâve investigated the key différence between fiber-fed and slit spectro graph. It focuses on some points and therefore it does not aim to be an exhaustive and complété study on the subject. The following table summarizes the principal pros (©) and cons (©) of As referred in the previous chapter, the question of the sky subtraction is a critical point for OPTIMOS-EVE. The currently existing algorithm and observation strategy of sky subtraction in a fiber-fed instrument can hardly reaeh 1% of accuracy for the sky background (REF). The EVE science case requires though an accuracy in the sky background extraction < 1%. In the frame of the phase A, we hâve developed a new technique that overcomes the apparent limitation of fibre-fed instrument to recover with high accuracy the sky. This new algorithm allows us to subtract the sky background contribution in an FoV of 7x7 arcmin2 with an accuracy of 1% in the MO mode, and 0.3-0.4% for integral-field-unit observations. The method is based on the reconstruction of the spatial fluctuations of the sky background (botli background and émission).

Knowing how the sky background fluctuâtes in space and time is crucial for the implémentation of an optimal sky subtraction strategy. What are the spectral characteristics of the sky? How does the sky fluctuate spatially and t.emporally? Indeed, the extent to which sky is changing during intégration time will constrain the spatial and temporal frequency with which the sky needs to be sampled, I hâve thus dedicated a section of this chapter to a full description of the sky properties. In the next subsection I describe the new algorithm and discuss its performance in the different observing modes of the instrument.

2.1

What is the sky?

The sky is commonly defined as ail the light arriving to the detector which doesn't proceed from neither the observed astronomical source nor the instrument. The nightsky light is composed by a mixture of radiation produced by several sources, see Fig. 2.1, from which the main contributors are:

• Moonlight. The contribution obviously dépends on the moon phase. It can increase the night brightness by several order of magnitude, in particular in the blue bands;

• Zodiacal light. It is sunlight scattered by planetary dust. As such, it has a solar spectra multiplied by the scattered efficiency as a function of the wavelength. The brightness of the zodiacal light decreases as a function of ecliptic latitude [START_REF] Blackwell | THE NIGHT-SKY SPECTRUM 5000-6500 Â[END_REF][START_REF] Content | Deep-Sky Infrared Imaging by Réduction of the Background Light. I. Sources of the Background and Potential Suppression of the OH Emission[END_REF][START_REF] May | A Survey of Radial Velocities in the Zodiacal Dust Cloud[END_REF]17;

• Airglow. It is the non-thermal émission from the upper atmosphère. It is the source of the well-known OH lines in the near-IR, see complété description above;

• Aurora. The auroral émission is produced by the interaction of solar wdnd particles with the components of the upper atmosphère. It is only relevant when observation are conduced at observatories located at polar latitudes;

• Thermal émission. There are three components of thermal émission: the telescope, the atmosphère and the instrument. The radiation follows a grey body distribution [START_REF] Content | Deep-Sky Infrared Imaging by Réduction of the Background Light. I. Sources of the Background and Potential Suppression of the OH Emission[END_REF]. The contribution of the thermal émission from the telescope becomes significant in the K band and the atmosphère contributes significantly at wavelength longer than 2.35 jum;

• Unresolved background astrophysical sources [START_REF] Roach | The light of the night sky[END_REF][START_REF] Wyse | Sky subtraction with fibres[END_REF]);

• Scattered light from the human activity in sites with light contamination.

The contribution of each of these sources varies from site to site, with time and as a function of the wavelength. I will focus the study on the conditions characteristic of faint object spectroscopv observations: dark sky, without moonlight contamination and observation at high latitudes to avoid contamination from zodiacal light. I hâve also assumed that the site of observation is situated far from pôles (that is the case of the possible E-ELT sites) and thus the contributions of aurora to the sky is negligible. In such observational condition, the main contribution to the nightsky brightness is the airglow in UV to near-IR wavelength and the thermal radiation from the telescope and atmosphère at wavelength long-ward to 2pm. What is the sky?

atmosphère, the mesosphere18, see Fig. 2.2. During the day energetic UV photons dissociate molécules and remove électrons from atoms and molécules. Later at night, the dissociation or ionization products interact with other atmosphère components and radiate light mainly by chemiluminescence process (Chamberlain, 1961;[START_REF] Roach | The light of the night sky[END_REF]. Table 2.1 shows the various species. which are involved in the airglow émission, and their associated émission lines.

The intensity of the lines are expressed in Rayleighs, the flux unit used in atmospheric physics:

1R=3.72x10~14 A~1(Â) erg s~l cm~2 arcsec~2 [START_REF] Roach | The light of the night sky[END_REF] and [START_REF] Patat | The dancing sky: 6 years of night-sky observations at Cerro Paranal[END_REF].

Continuum

The main sources of the sky continuum are the moon, the zodiacal light, the galactic dust, unresolved galactic sources and the thermal émission from the earth, atmosphère and the instrument.

For this reason, the background sky at a given wavelength and at a given position in the sky dépends on a number of parameters such as: the position of the observed field with respect to the galaxy, to the ecliptic and the moon, the moon phase, the phase of the solar cycle, the season and the airmass. Compared to very dark night, these systematic effects increase the background by up to several tentlis of a magnitude. In addition to these well-known sources of continuum, a significant contribution to the sky background proceeds from the airglow. The airglow contin uum was discovered by [START_REF] Barbier | Étude photométrique de la région ultraviolette de la lumière du ciel nocturne[END_REF] and the question of its origin lias led to a multitude of théories. Its strong variations with wavelength and time suggests than more than one source is involved. In blue band, the airglow continuum is a pseudo-continuum composed by unresolved and blended O2 Herzberg bands. According to [START_REF] Bâtes | Nightglow émissions from oxygen in the lower thermosphère[END_REF], the green continuum is due to metastable oxygen molécules colliding with ambient gas molécules and forming complexes that dissociate by allowed radiative transitions. This theory is supported by the strong corrélation observed between the intensity of the green continuum and those of the 5577A 01 line and the Herzberg System. However, other theory based on the émission of NO? molécules are not totally 1SA layer of the atmosphère situated around ~100km of altitude and corresponding to a minimum in the vertical température profile.

Chapter 2.

OPTIMOS-EVE sky subtraction: A new technique disc.arded [START_REF] Krassovsky | Atlas of the airglow spectrum 3000-12400 Â[END_REF]. In the red and near-IR, recent works hâve shown that the continuum airglow is due to the contribution of unresolved OH doublet in the interlines régions [START_REF] Ellis | The case for oh suppression at near-infrared wavelengths[END_REF]. The scattered instrumental light of the strong OH lines are also considered a significant contribution of the near-IR airglow continuum. Contribution of a pseudo-continuum émission from O2 radiative association is not excluded [START_REF] Wraight | The near infrared nightglow continuum[END_REF][START_REF] Content | Deep-Sky Infrared Imaging by Réduction of the Background Light. I. Sources of the Background and Potential Suppression of the OH Emission[END_REF].

Temporal and spatial fluctuation of the sky

If we observe the sky brightness in a given field of view during ail the night, in the condition of observation given above -dark sky, without moonlight and the field observed is at high ecliptic latitude-we will see that it varies spatially and temporally. These variations are due to the dynamical nature of the atmosphère. Indeed, the atmosphère is a complex System in which the main properties at a given layer -composition, density, température -do vary with time and space.

Long-scale variations

The main contributor of this variation is the évolution of the Chemical composition and density variation in the mesosphere, involved by harmonie periods of diurnal tides. The amplitude of these variations dépends on the évolution of the concentration of species and on the coefficient rate of the reaction involved in the émission of the radiation. For illustration, the variation of the OH lines due to the diurnal oscillation is around 50% [START_REF] Moreels | Near-infrared sky background fluctuations at mid-and low latitudes[END_REF]. The OH radicals are produced by the reaction of hydrogen with ozone. As soon as the upper atmosphère is no more illuminated by the sun, the concentration of ozone increase, while the abundance of atomic hydrogen, which is produced during the day, decreases. It results on the increase of the OH radical at the beginning of the night and then a decrease in the remaining 2/3 of the night [START_REF] Ramsay | Non-thermal émission in the atmosphère above mauna kea[END_REF][START_REF] Content | Deep-Sky Infrared Imaging by Réduction of the Background Light. I. Sources of the Background and Potential Suppression of the OH Emission[END_REF]. The variation of intensity of OH lines due to diurnal variation is well approximated by a function 1/(1 + t)°'of, where t is in hours [START_REF] Ellis | The case for oh suppression at near-infrared wavelengths[END_REF]. The variations induced by the diurnal oscillation are not very problematic in the framework of our study of sky subtraction. Indeed, the fluctuations are very smooth and hâve long temporal and spacial scale. Its effect in observation in a 7'x7: field of view and with a typical exposure time of one hour is negligible.

Small-scale variations Superposed to this smooth diurnal variation, the airglow émission is also affected by shortscale variations that are more problematic for our observations. In the near-IR, even during a cloudless night, the sky is structured by wide strips filling the ail sky, see Fig. Left: The optical airglow, mainly from the contribution of the green 01 line, in an all-sky photographv.

The optical airglow is also structured in bands stretch. From Doug Zubenel.

properties of gravity waves in the mesosphere [START_REF] Taylor | Observations of short period mesospheric wave patterns -In situ or tropospheric wave génération[END_REF][START_REF] Ramsay | Non-thermal émission in the atmosphère above mauna kea[END_REF][START_REF] Taylor | Height measurements of 01(557.7 nm) gravity wave structure over the Hawaiian Islands during ALOHA-93[END_REF][START_REF] Taylor | High résolution 01 (630 nm) image measurements of F-region déplétion drifts during the Guarâ campaign[END_REF]. Gravity waves are sinusoidal waves with characteristic horizontal wavelength Àc, period T and horizontal propagation velocity vc. They induce in the sky two main features: bands originated bv waves of 10 mm period, Ac ~25 km and vc ~50777 s-1;

rippled arising from waves with smaller period (~h min) and shorter wavelengths Àc ~10 km.

Converting these properties into spatial angle unit, we found that gravity waves induce spatial fluctuation on the sky of the order of 15°for bands and 6°for rippled which propagated at the velocity of T/s respectively (at a mean altitude of ~90km).

The intensity of the fluctuation of the airglow émission induced by a gravitjr wave varies as a fonction of wavelength. Indeed, the intensity variation of a sky spectra features -line, band or continuum-dépends principally on the altitude of the emitting layer and on the reaction rate and density of the species that originate the émission. In order to evaluate the intensity of the fluctuation in the optical domain, we hâve undergone a quick characterization of the spatial variation of the sky features in a field of view of 2'x2". We hâve used the MXU/FORS2 observations (600RI and 600z) described in Part II Chap. 2, to sample the intensity of the sky continuum at 8200A and the flux of OI and OI sky lines in flux calibrated sky spectra arising from several slits of a FORS2 mask (see Fig. 2.4). We found that the sky background varies slightly across the field: 5-10% between two positions on the sky. The intensity of skylines does also vary spatially from 10% to 20%. The spatial variations are smooth and hâve a spatial scale of 1,0' which is cohérent with the passage of a gravity wave. In the near-IR (1-1.8pm), [START_REF] Ramsay | Non-thermal émission in the atmosphère above mauna kea[END_REF] and [START_REF] Moreels | Near-infrared sky background fluctuations at mid-and low latitudes[END_REF] hâve shown that the fluctuation of the OH émission bands can hâve variations of 5-10% and sky background fluctuâtes with an amplitude of 15%, see also [START_REF] High | Sky Variability in the y Band at the LSST Site[END_REF]. Ail the OH bands vary in phase, but without the same intensity [START_REF] Ramsay | Non-thermal émission in the atmosphère above mauna kea[END_REF]).
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Severals observations hâve put on evidence the corrélation of the fluctuations between sky spectral features (Chamberlain, 1961;[START_REF] Patat | The dancing sky: 6 years of night-sky observations at Cerro Paranal[END_REF], see Fig. 2.5. The spectral features can be regroup into three co-variance group, inside which ail features vary in phase:

• The green-line group : [01]A 5577A, O2 Herzberg bands, blue pseudo-continum, green continuum and O2 atmospheric bands;

• NaDÀ6300Â and OH Meinel bands;

• Red 01 line and N À 5200Â.

Such corrélations rise from common emitters or same emitting laver altitude shared by the members of a co-variance group.

For instance, ail the features of the green-line group are produced by O2 molécules emitting in a ~90 km layer. Likewise, the red OI line and N A 5200A are both produced in high altitude mesospheric layer (~250km).

A new algorithm for sky extraction

As the two components of the sky-emission and continuum-do not vary in phase, we hâve chosen to approach the sky subtraction issue by treating the two terms independently. The algorithm is divided into two steps: the détermination of the sky background using a A -A surface reconstruction and the extraction of the sky émission lines with the Davies's method (Davies, 2007). The flowchart of the sky extraction algorithm is presented in Fig 2 .6. The bulk of the algorithm is programmed in IDL.

The sky background : A -A reconstruction

To reach an extraction of the sky background within 1%, the sky background lias been reconstructed at different wavelengths. The principle of the method is to sample the level of the background sky in different points of the field of view, the sky fibers, and reconstruct the whole surface using an interpolation method on an irregular grid. The reconstruction of the sky back ground surface is a new approach to the sky extraction issue. To our knowledge, there is 110 such approach in the literature. The algorithm of sky background subtraction is divided into three steps which are described below.

Découplé the continuum from the émission lines in sky spectrum

The goal of this first step is to mask ail the émission lines in a staeked sky spectrum in order to properly evaluate the sky continuum. Ail the sky lines are staeked into a single sky spectra in which a sigma-clipping algorithm detects the émission lines (see Numerical Recipes for the description of the sigma-clipping algorithm and Erwin ). The user can choose the sigma threshold and the wavelength range where the sigma of the sky continuum is measured. This step gives a sky émission mask.

In some cases, the sky continuum spectrum can be contaminated by instrumental scattered light. The continuum lias a complex profile as function of wavelength and the émission lines are difficult to extract with the sigma-clipping algorithm. In prévision of such cases I hâve added an optional step: a first guess of the continuum is evaluated by applying a low pass filter or a wavelet décomposition 011 the staeked sky spectrum [START_REF] Starck | Image restoration with noise suppression using the wavelet transform[END_REF]. The order of the wavelet décomposition and the cutoff frequency of the low pass filter can be defined by the users. I am also planning to implement an interactive IDL routine which will allow the users to Unes (Hanuschik, 2003) will be indicated.

Sky background

On each sky fibre, the émission lines are rnasked by the sky émission mask. The régions without émission lines are smoothed using wavelet décomposition. The smoothed continuum is then interpolated into the entire wavelength range in order to hâve a background pure sky spectrum in each sky fibre. Here again the order of the wavelength décomposition can be selected by the user depending on the used instrument, nevertheless the default value of such parameters (wavelet order, sigma-clipping, etc..) hâve been optimized for the OPTIMOS-EVE case.

À -A surface reconstruction

The surface of the sky background level is reconstructed in several layers of À. The sky continuum is binned in wavelength spectral résolution element of width AA. For each A -A layer, the surface is reconstructed using a triangulation interpolation method, the IDL routine GRIDDATA, from the position of the sky fibre and the value of the continuum in the given A bin. I hâve used the GRIDDATA routine with the method of natural neighbor interpolation, in which each interpolant is a linear combination of the three vertices of its enclosing Delaunay triangle and their adjacent vertices.

At the end of this step, the value of the sky background is constrained in ail the field of view and at different wavelength bins. The continuum at the position of the sky and object spectra is extracted from the A -A sky background cube and subtracted to the sky and object spectra. The sky background subtracted spectra are then sent to the algorithm of émission lines subtraction.

Sky émission lines: the Davies's method

The method proposed by Davies (2007), briefly summarized hereafter, removes the OH lines in the near infrared (1 to 2.5 pm). The reader is refered to Davies (2007) for a detailed description of the algorithm.

As described in section 2.1, the main difficulties in subtracting sky émission lines, in particular the Meinel OH lines, are the fluctuations in their absolute and relative flux both temporally and spatially, see Fig. The effect of the vibrational température fluctuations is the main contributor of the OH flux variation. As the émission lines produced in a given vibrational transition lie in well defined bands, it is possible to divide the sky spectrum into section corresponding to a single vibrational transition. In each section, the spectrum to be sky subtracted is fitted to a reference sky spectrum in order to find a scaling factor which corrects the différence of vibrational température between the reference sky and the sky at the object position. After iterating in ail the section, a scaling factor function is derived and the combination of this scaling factor function with the reference sky spectrum is subtracted to the object spectrum. The changes on the rotational température are treated in a similarly way. We hâve extended this method to optical wavelengths.

We hâve also tested to subtract the sky émission with principal component analysis, a statical method based on the statistical description of random variables. The PCA is applied on the data sampled bv the skylight fibers to obtain the modules of sky émission lines of this observation. The components are then linearly combined to remove the sky lines from the continuum subtracted object spectra. This method lias been proposed by [START_REF] Wild | Peering through the OH forest: a new technique to remove residual sky features from Sloan Digital Sky Survey spectra[END_REF] to remove residual of sky lines and implemented to the SDSS data by [START_REF] Bai | A Method of Sky-subtraction Based on Principal Component Analysis[END_REF]. Despite the very good results of PCA in SDSS data, the method was not very convincing in the case of faint object spectra. The residuals on the extraction of the line is still too high for very small S/N spectra and the main limitation is the property of this residual. As the PCA is trained alwa}rs with the same array, the residual do not vary from one exposure to an other. It always hâve the same profile and same intensity. Contrary to the random noise, the residual from PCA will not diminish when the different exposures are combined. Moreover, the PCA method doesirt manage to compensate the issue of the instrumental flexure which introduce more :P-Cygni' type residual in the final spectrum.

2.2.3

Applying the algorithm to data

Input file format

At the présent time, the software works with two input data files in FITS19 format: a 2D sky file and a 2D target file. These files store the n sky or target spectra coming from the fibers during an observation. Their header contains the usual information-as the spatial and spectral dimension scaling and reference pixel-and the X-Y positions of the fibers in the field-of-view, see Fig. 2.8. In the future, spécifie formats of existing instrument will be made available.

Defining user's parameters

The algorithm c.an be applied to any fiber-fed spectrograph by changing the user's parameters. attires ~It is the sigma threshold used by the sigma-clipping algorithm for detecting the émission lines in the sky spectrum. Ail spectral pixels with sigma superior to (Jthres x Gcant will be flagged as émission lines in the mask.

Ai -A2 -It is the région where the sigma of the continuum is measured. The user must select a région free of émission lines in the sky spectrum.

Nyjaveiet The continuum is evaluated by smoothing with wavelets the sky spectra after masking the émission lines. The masked sky spectrum is decomposed into seven different wavelet scales using the undecimated (keeping an identical sampling in each wavelet scale) wavelet transform. The user can choose the number of scale which will be used in the recombina tion. In the wavelet space, the first scale is the highest frequency (index on scale 0) and the lowest frequency is in our case the wavelet scale number 6. The algorithm will recombine the Nwaveiet lowest frequency wavelet scale to produce the smoothed continuum.

AA -It is the spectral resolution at which the sky background surface is reconstructed. The AA hâve to be optimized in order to well sample changes of slope in the sky spectrum. The ratio spectr al-range/A A needs to be kept to reasonable values < 100. Indeed, an increase of the spectra resolution (decrease of AA) will increase drastically the execution time. The software will need to interpolate more surface layers.

Sky subtraction on EVE-OPTIMOS

In order to test and optimize the algorithm to the EVE instrument, I hâve constructed a sim ulator of fiber-and IFU mode EVE observations. Armed with this simulator, it is possible to explore the full potential of the new algorithm in the frarne of EVE observation and investigate different aspects of the sky subtraction issue in fiber-fed instrument, such as:

• the accuracy of the sky subtraction in the two modes, mono-object and medium intégral • evaluate the gain on the sky-background extraction accuracy from using MI or slit;

• define the better observational strategy for spécifie science case;

• verify the feasibility of the challenging EVE science cases, e.g.: high-z galaxies;

• investigate the optimization of the position of sky fibers with respect to the object fibers.

In this section I will first describe how the simulated EVE observations hâve been constructed.

In a second part, I will présent the tests which hâve been performed and I will provide some answers to the above questions. Chapter 2.
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Simulating sky

The input sky cube is the critical point of the simulator. Our sky subtraction algorithm is based on the spatial and temporal properties of the sky. It is thus crucial to test it with simulated sky as realistic as possible. Armed with the characterization of the sky properties presented in section 2.1, I hâve constructed fake sky cube with the following methodology:

-Define the parameters of the simulation: the spectral resolution R, the wavelength range, central wavelength, exposure time, the spatial resolution.

-Create a theoretical sky spectrum using the parameters defined above. The spectra is generated from the combination of a sky continuum, given by the Standard ESO ETC sky brightness and Cub3r et al. (2000), with a library of sky lines from Hanuschik (2003).

The sky background is interpolated over the defined wavelength range considering the magnitude given per band.

-Generate a random sky background fluctuation surface according to the properties of the sky at the given wavelength. A surface with smooth gaussian variation having the same dimension as the EVE field-of-view is generated, see Fig. 

Simulating observations

The simulated observations are composed bv a sériés of sky spectra coming from sky fibers or spaxel positioned at a given position in the field and sky+object spectra from object fiber or spaxel. To generate a simulated observation I proceed the following steps:

-Define the position of the fibers or IFU in the field-of-view. I hâve creat.ed two IDL interactive routines, one for the MO mode and another for the MI mode to rnake this task easier. In the MO mode, the user can select the position of sky and object fibers in a 7' x 7' field-of-view with a spatial scale of 0.9", see Fig 2 .12. In the MI mode, the interactive widget hâve two setup: a low spatial resolution with a spatial résolution of 0.9" and a normal spatial résolution with a spatial resolution of 0.3" which is the resolution of the MI IFU. The user draws in the field-of-view the shape of the IFU and can select which spaxel is associated to an object spaxel or to a sky spaxel. I hâve chosen this solution, instead to directly draw the IFU as a block because it gives more flexibility to test questions as the geometry of the IFU and the optimization of sky background subtraction using no illuminated spaxels in the algorithm, see Fig 2 .12. The widget saves a mask file with the position of the sky and object fibers or spaxels.

-Simulate target spectra. I hâve simulated two kinds of astrophysical objects based on two EVE science case: a stellar template and an émission line galaxy.

The stellar science case is planned to be observed with the MO mode. The spectrum is constructed from a standard stellar template from Pickles library, which is resampled to the right spectral resolution and wavelength range and converted into photon counts. The user gives the magnitude in a band and the time of exposure. The conversion from flux to counts is the same that those of the sky simulation described previously. However, due to the atmospheric turbulence, only some fraction of the object's flux will fall within the fiber aperture. This fraction dépends on the PSF and lience on the chosen AO mode:

Seeing limited (i.e. no AO) or Ground Layer AO (hereafter GLAO). The fractional energy encircled by the MO fiber (0.9" of aperture) is given in table 2.3 for different bands and in the case of seeing limited and GLAO observation. The final object spectrum (in counts)

is multiplied by the fraction of energy enclosed at the given band and AO mode. The high-z galaxy science case is modeled by a constant continuum of magnitude magcon and an émission line defined by a gaussian function centered at the position Aemi with a total flux of fluxem.i and a velocity dispersion cremj. This science case can be observed with the MO and MI mode. For the MO mode, the galaxy lias been assumed to be a point source and the same conversions as the stellar template hâve been applied. In the MI mode, the galaxies hâve been assumed to hâve a spatial dimension. The users can define the number of illuminated pixel in the IFU, Nspaxei. at each given number of sky fibers. At visible wavelengths, the sky background can be easily retrieved with accuracy of 1% using 30-40 sky fibers. In the near IR, due to the large variation of the sky background (20% peak to peak), a least 80 fibers are needed to properly recover the sky background with the same accuracy.

In the MI mode, we hâve simulated the case of an object illuminating nine central spaxels.

The number of illuminating spaxels has been estimated from the apparent size of a z-8 Lyman alpha emitters, around 0.2", observed in GLAO mode. The remaining free fibers in the IFU were used as constraints for interpolating the sky background, in addition to four dedicated fibers sampling the sky contribution at larger spatial scales (see 2.14). The MI mode allows us to reach an accuracy of sky extraction of 0.3%. It is thus recommended for observations for which the sky background has to be recovered with very high accuracy.

Application to the High-z galaxy science case

The goal of this science case is to study the sources of the reionization. OPTIMOS-EVE is the idéal instrument to address this problem. Given its stability and spectral resolution, it is well suited to observe a large number of targets during very long exposure times. However, this is also one of the most challenging cases. Indeed, it requires being able to recover the very faint émission, down to 1 x 10"19 ergs/cm2/s, from objects with a continuum reaching m(AB)= 28 

Observational strategy

The algorithm described above will be applied in staring mode, when only the visible arm is used. In the case of NIR data, the sky is observed using offset exposures. These frames (on and off) are subtracted one from the other in 2D: A -B (this removes dark current contribution and sky contribution). In a following step, the residual of the sky (due to temporal variations between on and off) is removed by applying the aforementioned algorithm, using the fibers dedicated to the sky in the 'A' configuration.

Conclusion and prospective

The sky-subtraction algorithm do answers the mandatory requirement of the EVE science case:

the accuracy < 1% in sky-background subtraction. The sky background contribution can be extracted in an FoV of 7x7 arcmin2 with an accuracy of 1% in the MO mode, and 0.3-0.4% for intégral-field-unit observations. I verified the performance of the algorithm in faint object spectroscopy observations and found very promising results: Emission lines with total flux 1 x 10~19 erg/s/cm2 over a 30mag continuum can be extract from the sky background noise with the À -À surface reconstruction algorithm. This study demonstrate the ability of fiber-fed instruments to proceed accurate sky-subtraction and thus show that they are serious competitors to slit instruments for faint object spectroscopy. In the future, I aim to develop severals points of this study :

• Create a user-friendly interface for the sky-subtraction algorithm and adapt it to reduce data from several fiber-fed spectrograph. The software will be make public.

• Test the algorithm in existing fiber-fed instrument, such as GIRAFFE/VLT and PKAS/Caha.

A preliminary test hâve been done with GIRAFFE data. I found that the algorithm is able to extract the sky background with an accuracy of 1.8% for 18 sky fibers. This results coincides with the expected accuracy on sky extraction with 18 using the À -A reconstruction algorithm.

Part III

The study of Host galaxies as a proxy SN la progenitors In early 90's, astronomers hâve discovered that SN la can be considered as standard candies, due to the relationship linking their intrinsic peak luminosity and their light curve decay time [START_REF] Pskovskii | Photometric classification and basic parameters of type I supernovae[END_REF][START_REF] Phillips | The absolute magnitudes of Type IA supernovae[END_REF][START_REF] Riess | Using Type IA supernova light curve shapes to measure the Hubble constant[END_REF][START_REF] Riess | A Précisé Distance Indicator: Type IA Supernova Multicolor Light-Curve Shapes[END_REF][START_REF] Hamuy | A Hubble diagram of distant type IA supernovae[END_REF]. However, the scatter of apparent B magnitude at the peak can reach ~1 mag. To overcorne this limitation, empirical calibration based on the light curve width-luminosity, e.g. mAi5, [START_REF] Phillips | The absolute magnitudes of Type IA supernovae[END_REF] and intrinsic colors (van den Bergh, 1995) hâve been implemented. Currently used methods to calibrate SNe la allow to a reduced scatter of 0.13 mag [START_REF] Hamuy | The Morphology of Type IA Supernovae Light Curves[END_REF][START_REF] Astier | The Supernova Legacy Sur vey: measurement of Oméga M, Oméga lambda and w from the first year data set[END_REF], making SNe la valuable cosmological standard candies (see review, e.g. [START_REF] Branch | Type IA Supernovae and the Hubble Constant[END_REF]).

During the past decade, new télescopes, new search techniques, and improvement of cali bration from local SN la survey and the systematic détection and photometric observation of high-z SNe, allow to construct the magnitude-redshift relation at high redshift where the effect of cosmological constant is significant. Two independent groups the Supernova Cosmology project (SCP) [START_REF] Perlmutter | The Supernova Cosmology Project. Measurements of Oméga and Lambda from 42 High-Redshift Supernovae[END_REF] and the High redshift SN Search Team (HZT) [START_REF] Riess | Observational Evidence from Supernovae for an Accelerating Universe and a Cosmological Constant[END_REF] performed for a A CDM Universe [START_REF] Astier | The Supernova Legacy Sur vey: measurement of Oméga M, Oméga lambda and w from the first year data set[END_REF]). These results are in agreement with the 7 year WMAP results [START_REF] Komatsu | Seven-Year Wilkinson Microwave Anisotropy Probe (WMAP) Observations: Cosmological Interprétation[END_REF].

Current and future SNe la surveys are focussed on the détermination of the nature and properties of dark energy [START_REF] Astier | The Supernova Legacy Sur vey: measurement of Oméga M, Oméga lambda and w from the first year data set[END_REF][START_REF] Eisenstein | Improving Cosmological Distance Measurements by Reconstruction of the Baryon Acoustic Peak[END_REF]. To differentiate between the number of dark energy models, the expansion history of the universe has to be mapped with high précision and small systematic uncertainties. Accurate photometry of distant high-z SNe are very challenging because of their small angular sizes and their faint apparent luminosities. Such System, that reach the Chandrasekhar mass of 1.39Mq [START_REF] Hoyle | Nucleosynthesis in Supernovae[END_REF][START_REF] Erratum | Nucleosynthesis in Supernovae[END_REF]. The évolution of their luminosity with time (the light-curve) is driven by the radioactive decay of the 56Ni produced during the explosion into o6Co and o6Fe [START_REF] Nadyozhin | The properties of NI to CO to Fe decay[END_REF][START_REF] Pinto | The Physics of Type IA Supernova Light Curves. II. Opacity and Diffusion[END_REF]. However, up to the date there is no direct observations of a Sn la progenitor and tlius on what is the exact evolutionary scénario that leads to the explosion.

Theory proposes two main scénarios for the origin of SNe la:

• Single degenerate scénario -SD

In tliis scénario, the C+O WD accretes mass from its companion, a main sequence star [START_REF] Whelan | Binaries and Supernovae of Type I[END_REF]. Different models predict different delay times between the épisode of star formation producing the progenitor System and the time of explosion.

According to [START_REF] Mannucci | Two populations of progenitors for Type la supernovae?[END_REF], the delay time is around 670 Myr. However, prompt delay shorter than 100 Myr are possible if the companion is a massive main sequence star (6-7M©) [START_REF] Hachisu | The Delay-Time Distribution of Type la Supernovae and the Single-Degenerate Model[END_REF][START_REF] Pinto | The Physics of Type IA Supernova Light Curves. II. Opacity and Diffusion[END_REF] or a hélium star [START_REF] Wang | Nickel Bubble Expansion in Type la Supernovae: Adiabatic Solutions[END_REF].

Very long delay are also possible if the companion is a low-mass red giant [START_REF] Hachisu | The Delay-Time Distribution of Type la Supernovae and the Single-Degenerate Model[END_REF].

• Double degenerate scénario -DD According to this scénario, a binary System, composed by two white dwarfs, merges to a WD surrounded by a heavy disk or by a rotating envelope around the more massive WD.

When the mass of the remaining WD reaches ~1.4 M©, due to the mass accretion from the envelope or disk a SN la occurs (Iben and Tütukov, 1984). The delay time dépends 

Introduction

Another property of the progenitor that might affect the SNe la properties is the metallicity of the progenitor. Indeed, the peak luminosity is proportional to the amount of 06Ni produced during the explosion [START_REF] Arnett | Type I supernovae. I -Analytic solutions for the early part of the light curve[END_REF][START_REF] Nadyozhin | The properties of NI to CO to Fe decay[END_REF][START_REF] Pinto | The Physics of Type IA Supernova Light Curves. II. Opacity and Diffusion[END_REF]. According

to [START_REF] Umeda | The Origin of the Diversity of Type IA Supernovae and the Environmental Effects[END_REF], progenitors with low fraction of carbon lead to fainter SNe la. In a theoretical work, [START_REF] Timmes | On Variations in the Peak Luminosity of Type la Supernovae[END_REF] concluded on the existence of an inverse linear relation between the intensity of the peak brightness and the metallicity of the progenitor. According to this work, metallicity variation from a progenitor to another can explain a scatter of 25% when assuming the metallicity range see in the sun neighborhood. However other simulation do not agréé with these conclusions and the dependence of the SNe la properties on the metallicity of the progenitor is still an open question [START_REF] Bravo | Metallicity as a Source of Dispersion in the SNIa Bolometric Light Curve Luminosity-Width Relationship[END_REF]Dommguez et al. 2001).

Impact of progenitor properties on cosmology

As already described, theoretical explosion models suggest that WT) properties, like âge and metallicity. may significantly influence the SN la peak luminosity, a crucial parameter in cos mology with SNe la. Observations of high-z redshift galaxies show that their global properties, as the star formation rate, âge of stellar population and métal content [START_REF] Guzman | The Nature of Compact Galaxies in the Hubble Deep Field. IL Spectroscopic Properties and Implications for the Evolution of the Star Formation Rate Density of the Universe[END_REF][START_REF] Buat | Star formation history of galaxies from z = 0 to z = 0.7. A backward approach to the évolution of star-forming galaxies[END_REF]Rodrigues et al., 2008, among 

Sne la Host galaxies

Type la Supernovae are rare events and their progenitors are difficult to identify. One approach to indirectly study the properties of SN la progenitors and their effect on the properties of SN la is through the analysis of the host galaxies. In the last years, several groups hâve been studying the corrélations of the host properties with the SN la Hubble diagram residual.

The impact of the host metallicity

The metallicity of the host might be correlated to the metallicity of the progenitor and thud affect the luminosity of the SN la. Different authors hâve made different prédiction based on model [START_REF] Hoeflich | Type IA Supernovae: Influence of the Initial Composition on the Nucleosynthesis, Light Curves, and Spectra and Conséquences for the Détermination of Oméga M and Lambda[END_REF][START_REF] Bravo | Metallicity as a Source of Dispersion in the SNIa Bolometric Light Curve Luminosity-Width Relationship[END_REF] or data [START_REF] Gallagher | Chemistry and Star Formation in the Host Galaxies of Type la Supernovae[END_REF]?;[START_REF] Neill | The Local Hosts of Type la Supernovae[END_REF]. The effect of the âge and metallicity are difficult to disentangle because both properties may affect the explosion.

1-4-Sne la Host galaxies

The impact of the âge of stellar population

There are observational évidences that the morphology of the host correlates with the peak luminosity of the SNe la [START_REF] Hamuy | The Morphology of Type IA Supernovae Light Curves[END_REF][START_REF] Sullivan | The Hubble diagram of type la supernovae as a function of host galaxy morphology[END_REF]. Fainter events are found in early-type galaxies while late-type and irregular galaxies host more bright SNe la. The corrélation with morphology is strongly connected to the stellar content of host. Early type galaxies are composed bv old stellar population and host almost no star formation activity (Howell 2001). Such observations suggest a long delay channel as the most probable scénario for SNe la in early type galaxies. One the other hand. late-type galaxies host star formation activity and a large amount of young stars, which suggest a prompt delay channel. The SN la rate per unit of stellar mass is strongly correlated with the host spécifie SFR. SNe la are ten times more frequent in star forming galaxies than in more quiescent hosts [START_REF] Mannucci | The supernova rate per unit mass[END_REF][START_REF] Sullivan | Rates and Properties of Type la Supernovae as a Function of Mass and Star Formation in Their Host Galaxies[END_REF]. In passive galaxies, the SN la rate is linked to the stellar mass of the host.

Evidence for a two channel production of SNe la

The observations suggest the following: a SN la might resuit from one of the two different explosion channels, see table 1.1. If so, the prompt time delay channel is associated to star forming environment, giving origin to the brightest events. In this case, the explosion rate is dépendent on the star formation rate of their hosts and thus may be correlated with the current number of WD. On the other hand, the long delay channel is associated with old stellar population in early type galaxies. Their explosion rate is correlated to the stellar mass of the host and thus to the cumulative number of produeed WD. As the SFR strongly evolves with redshift, the contribution from each evolutionary channels can probably change with redshift. A large number of prompt delay SNe la is expected to be observed at high-z redshifts, while long delay SNe la should decrease with increasing z. According to [START_REF] Hopkins | On the Normalization of the Cosmic Star Formation History[END_REF], the crossover point between the two channels is expected to be around z~0.5-0.9, see fig 1.5. However, no evidence for brighter SNe la has been observed in the distant Uni verse.

Property

To date no progenitor of a SN la has been identified and/or observed and information about the SNe la progenitors can only be obtained indirectly. One promising route to study the SN progenitors is through the analysis of their host galaxies using 3D spectroscopy, e.g. similar to the [START_REF] Christensen | IFU observations of the GRB 980425/SN 1998bw host galaxy: émission line ratios in GRB régions[END_REF] studies of the host GRB 980425/SN 1998bw. In fact, previous studies on metallicity and stellar population of host galaxies were based on global properties [START_REF] Gallagher | Chemistry and Star Formation in the Host Galaxies of Type la Supernovae[END_REF][START_REF] Gallagher | Supernovae in Early-Type Galaxies: Directly Connecting Age and Metallicity with Type la Luminosity[END_REF][START_REF] Howell | The Effect of Progenitor Age and Metallicity on Luminosity 06Ni Yield in Type la Supernovae[END_REF]. The results are inconclusive and contradictory. And, as it is well known, the properties of the gas and stellar population can vary considerably radially This study is the resuit of the collaboration between my two hosting institution CENTRA- My rôle in the team is to produce and interpret the maps of the physical properties of galaxies (extinction, metallicity, ionization parameter, stellar population, etc..) from the reduced data cube or/and émission line flux maps.

Lisbon

2.1

Designing a large survey for hosts of SNe la IFS observations of SN la hosts hâve been selected in order to minimize the effect of peculiar motions. We hâve selected galaxies hosting well-studied SNe la, with good photometry coverage before and after the maximum.

The two main objectives are:

• to study the effect of the metallicity and âge of the local stellar population on the SN luminosity. The déviation of SNe from the best fit Hubble diagram will be correlated to the properties of the local environment. Such a corrélation, if exists, will help to further improve the use of SNe la as distance indicators;

• to use the properties of the local SN environment (gas and stellar population properties)

to put constrains on the nature of SNe la progenitors.

Previous studies on metallicity and stellar population of host galaxies were based on global properties, e.g. SED fitting to board-band photometry [START_REF] Sullivan | Rates and Properties of Type la Supernovae as a Function of Mass and Star Formation in Their Host Galaxies[END_REF][START_REF] Howell | The Effect of Progenitor Age and Metallicity on Luminosity 06Ni Yield in Type la Supernovae[END_REF][START_REF] Neill | The Local Hosts of Type la Supernovae[END_REF] or integrated galaxv spectra [START_REF] Gallagher | Chemistry and Star Formation in the Host Galaxies of Type la Supernovae[END_REF][START_REF] Gallagher | Supernovae in Early-Type Galaxies: Directly Connecting Age and Metallicity with Type la Luminosity[END_REF]. It. should be emphasized that the properties of the gas and stellar population can vary radially [START_REF] Macarthur | Stellar population and kinematic profiles in spiral bulges and dises: population synthesis of integrated spectra[END_REF]. This survey will allow to explore directly the influence of the local properties on SNe la for first time.

The following properties of the host will be derived from the intégral field spectroscopy observations:

• Maps of the gas properties: From the émission lines we will produce maps of the extinction, electronic density, star formation rate, ionization parameter, electronic température and abundances of several éléments (O, N). We will also search for traces of star formation activity at the position of the SN. [START_REF] Mannucci | The supernova rate per unit mass[END_REF] suggested that half of the SNe la corne from young progenitors (< 0.1 Gyr). Therefore, it is very likely that recent active star formation took place in the immédiate vicinity of the SN. This may be detected by the presence of Ha émission at the SN position.

• Maps of stellar population: Combining semi-empirical stellar population synthesis code (Bruzual and Chariot, 2003;Maraston et al, 2006;[START_REF] Fernandes | Semi-empirical analysis of Sloan Digital Sky Survey galaxies -I. Spectral synthesis method[END_REF] with the measurement of absorption lines we will produce maps of the âge, stellar extinction and metallicity.

Sample sélection

We hâve carefully selected our targets from a sample of galaxies that hosted well-observed SNe la for which the important parameters like luminosity, intrinsic color indices, luminosity décliné rates and déviation from the best fit Hubble diagram can be accurately measured. We also require the targets to be in the unperturbed Hubble flow (z > 0.02) in order to minimize the effect of peculiar motions. From this large pool of well-observed SNe we hâve selected a primary list of about 100 galaxies with Déclination> 4°(visible in northen hemisphere observatories).

The list is available at the following URL: http://centra.ist.utl.pt/ ~vall/sn_hosts/sneia_hosts 2010.php and includes link to NED and information about the SN, see Fig. 2.1. These galaxies were carefully examined and selected to be nearly face-on in order to minimize the projection effects when correlating the SN and its host galaxy properties. We plain to observe around 50 galaxies in the next years using intégral field spectroscopy instruments, such as PMAS at CAHA, ARGUS at VLT, Sparse at Wisconsin Observatory. Moreover, the team is part of the proposed CALIFA Legacy Survey (PI: Dr. Sébastian Sanchez). CALIFA is an ambitious project to observe about 500 galaxies at redshift z ~0.02 with PMAS/PPAK, a wide-field IFS, over 3 2.2.

PPAK observations

SN la host galaxies Galaxies with Decl. > +4 deg
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The proprity column:
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No.

Priority jSuperoova .SN3002bf years and our SN science case is included as sub-project. The CALIFA sample includes some galaxies that hosted supernovae (of any kind) which will complété our sample.

PPAK observations

Observational setup

We hâve undergone a pilot observational run of 2 nights using the Postdam MultiAperture Spectrophotometer (PMAS) in PPKA mode mounted at the 3.5m telescope of the Observatorio Astronômico Hispano Aleman Calar Alto (CAHA). PMAS is an intégral Field Spectroscope that can operate in two modes with a with a fîber-coupled lens array (LArrn mode) and a fiber bnndle IFU(PPAK mode). In the PPAK mode, the IFU is a hexagonal packed fiber-bundle composed by 331 science fibers, 15 calibration fibers and 36 sky fibers located at about 80" from the center, see the configuration of fiber in figure 2.2. The IFU covers a hexagonal field of view of 74 x 65 arcsec2 with a spatial sampling of 2.7" per fiber. We hâve used PMAS/PPAK with the V600 grating to obtain medium-resolution spectroscopy (~5.7A spectral résolution)

of the SNe la host galaxies. This grating allows us to cover the spectral range 3700-7000A required to fulfill the scientific goals. As it can be seen in fig. 2.2, the PPAK IFS does not cover continuonsly the field of view: there are spaces between the fibers. In order to hâve a full and uniform coverage, we hâve observed each galaxy using a dithering pattern of 3 pointings. The full description of the dithering procedure can be found in the PMAS cookbook (http://www. caha.es/sanchez/pmas/index.html).

-100 -50 0 50 100 R-A. offset (arcsec) Note that contrary to the lens array, which provides a contiguous spatial sampling with negligible edge effects between adjacent lenses, the PPAK bundle has gaps between each fiber and its next neighbors.

It is, however, possible to fill these gaps by repeated observations with small offsets (dithering). [From PMAS/PPAK webpage]

Sample

From the host sample described above, we hâve selected randomly 6 galaxies visible at CAHA in November. The report of observations is shown in table 2.1. In order to detect the low surface brightness régions of the galaxies (~21.6 mag arcsec2) with a S/N>5 per spaxel at 5000A, we hâve estimated from the PMAS exposure time calculator that exposure times of ~30 min were needed. Therefore, we hâve observed each galaxy by three pointings of 30 min each.

2.3

Data réduction and analysis

Data réduction

The data has been reduced using a private IDL software designed by V. Stanishev. The réduction procedure included the standard corrections and calibrations for 3D observations, such as: bias 

Analyzing the datacube

The spectrum of each spaxel is analyzed as the integrat.ed spectra following the method described in the Introduction part of this manuscript20. In good S/N spaxels, the spectrum is composed by a continuum component from the stellar populations and an émission line spectrum from the ionized gas. Before measuring émission lines, in particular Balmer recombination lines, the continuum component has to be evaluated and subtracted. Simultaneously, the fitting of the stellar continuum with semi-empirical models provides the composition of the stellar populations -mean stellar âge and metallicity, star-formation history.

The datacubes hâve been set to rest-frame and corrected from the galaetic extinction. In table 2.2 the redshift and E(B-V) [START_REF] Schlegel | Maps of Dust Infrared Emission for Use in Estimation of Reddening and Cosmic Microwave Background Radiation Foregrounds[END_REF] for the six SNe la host galaxies are given.

Host As the fitting of the continuum is time-consuming, we hâve only fitted the spaxels with a S/N in A continuum higher than to 5. Below this S/N, the physical properties derived frorn the fit are no more trustable [START_REF] Fernandes | Semi-empirical analysis of Sloan Digital Sky Survey galaxies -I. Spectral synthesis method[END_REF] 

Measuring émission lines

Due to the large amount of spectra per galaxy (~600), we hâve measured the émission lines with an automatic routine. A complété description will be provided in Stanishev et al. (in prep).

Briefly, the IDL-based software fits each line by a single gaussian distribution a pseudo continuum, using the y2 minimization algorithm MPFIT [START_REF] Markwardt | Non-linear Least-squares Fitting in IDL with MPFIT[END_REF], and provides the central wavelenght \Center, sigma aune and total flux of the line. The flux uncertainty of the émis sion lines is estimated by propagating the uncertainties on the flux and on the fitted parameter (Acenter, ^Hne, level of the pseudo-continuum). Each line has been visually checked. We verify in several spaxels that our automatic measurements were consistent with manual measurements using the SPLOT/IRAF routine.

2.3.

Data réduction and analysis

Onlv lines with spectral S/N > 6 hâve been considered as detected. The spectral S/N is defined as the ratio between the total flux in the line Fnne and the noise in the pseudo-continuum g (Flores et al. 2006). The S/N is normalized by the number of spectral resolution éléments N in which the émission line is spread (3Gnne from the Acenter).

< s/N >= Fline VTN) x <7

(2.1)

Deriving physical properties from 3D datacube

Spatially resolved and integrated informations

With the 3D datacubes, we are able to measure the properties of the stellar population and of the ionized gas in each spaxel and to produce 2D maps of these quantifies for each galaxy. The 2D maps allow us to study the spatial variation of the properties of the galaxies and to probe directly such properties in the région of the SN la.

One of the main goals of this studv is to compare the properties of the host, as derived from the integrated spectroscopy, to those derived from spatially resolved spectroscopy. For this purpose, we hâve produced for each galaxy, 2D maps and for comparison the following integrated spectra:

• integrated spectrum in a central aperture of 3 arcsec. We hâve summed the spectra of the spaxel localized within 3 arcsec of the center of the galaxies. This condition corresponds to the SDSS spectroscopy: 3:5 aperture spectroscopy of the center of the galaxy light distribution.

• integrated spectrum of the ail galaxy from the sum of ail spaxel spectra. This simulâtes an observation of the same galaxy with long-slit spectroscopy as happens with high redshift galaxies.

Properties of the ionized gas

The study of the émission lines allows us to dérivé extinction, star-formation rate, presence of shocks, electronic densities, metallicity of the ionized gas. The full description of the method used in the dérivation of the physical properties of the ionized gas can be found in Part I Chap.

2. Briefly, I remind the methods and calibrations used to measure the following properties:

• Extinction. The extinction in V-band, Ay, is derived from the flux ratio Ha/H(3 using the Balmer décrément method (Osterbrock, 1989) and assuming a Cardelli et al. (1989) extinction law with Ry=3.1.

• Source of ionization. Some diagnostics, as the strong lines method to dérivé metal licity, cannot be applied if the source of ionization is not exclusively arising from the stellar radiation. For this reason, we use the diagnostic diagram [OIII]ÀÀ4959, 5007/Hp vs [NII]A6584/iÏ3 [START_REF] Veilleux | Spectral classification of emission-line galaxies[END_REF]Kauffmann et al., 2003b) • Shocks. We search for the presence of shocks by the détection of the 01 6300A line and the diagnostic diagram [OII]A3727/JT/? vs OIA6300Â/77/3 [START_REF] Fesen | Optical emission-line properties of evolved galactic supernova remnants[END_REF].

• Star formation rate. The SFR has been derived from the flux of the Ha line corrected for extinction. We use the calibration of [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF] between the luminosity of the Ha line and the SFR.

• Presence of Wolf-Rayet stars. The presence of Wolf-Rayet stars can be detected by the détection of two émission features characteristic of these very young and massive stars: a blue bump at 4600-4680Â (Allen 1976) and a red bump at 5650-5800Â [START_REF] Kunth | Further galaxies with Wolf-Rayet émission features[END_REF].

In order to compare with previous studies, I hâve derived the oxygen abundance, log{0/H) + 12 using several calibrations: four strong line diagnostics and the Te-direct method, namely:

• Metallicity from #23-Strong line method based on the R23 parameter defined as the ratio ([OII]À3727 + [OIII]AA4959.5007)/i/d (Pagel et al., 1979). I hâve used the Kobulnicky calibration which account for the ionization parameter and the popular Tremonti et al. ( 2004) calibration. However, these diagnostics are quite sensible to extinction due to the large distance in wavelength between the [OII]A3727A and the [OIII]A5007A lines.

• Metallicity from N2. Strong line method based on the N2 parameter defined as the ratio [NII]A6584/Tfo [START_REF] Storchi-Bergmann | Ultraviolet to near-infrared spectral dis tributions of star-forming galaxies: Metallicity and âge effects[END_REF]. We applied the Pettini and Pagel (2004) by [START_REF] Dopita | A Theoretical Recalibration of the Extragalactic H II Région Sequence[END_REF] and the calibration of Pettini and Pagel (2004). This diagnostic has the advantage to involve ratios of close lines, [OUI]A5007/HQ and [NII]A6584/FTq', and thus is almost not affected by extinction.

• Te-direct method. In the cases where [OIII]A4363A is detected, we hâve derived the metallicity directly from the electronic température, using TEMDEM IRA F routine.

The uncertainties on these quantities ha.ve been derived by propagating the uncertainties on the measurements of the line fluxes.

Properties of the stellar component

The properties of the stellar components hâve been derived from the results of the continuum fitting given by the Starlight software22. Briefly, the mean stellar âge and metallicity, extinction, In some cases, the stellar extinction is a none physical négative value. Négative Ay* occur in old and dustless galaxies. It is due to the a-enhancement (a/Fe) in early-type galaxies which is not taken into account in the model used in the fit (Mateus et al., 2006).

• Stellar mass. The stellar mass has been derived from the mass-fraction population, fij, and the stellar mass-to-light ratio M+/L\q associated to each stellar populations of the template base.

• Velocity field and dispersion map of the stellar component. We hâve also mapped the velocity and velocity dispersion of the spectra in each spaxel. The derived velocity and o fields are a first approximation and can be compared to the velocity field derived from the ionized gas. However, for a more detail study it is préférable to use dedicated software such as PPXF from the Sauron team [START_REF] Cappellari | Parametric Recovery of Line-of-Sight Velocity Distributions from Absorption-Line Spectra of Galaxies via Penalized Likelihood[END_REF].

In Table . 

2.4

Example of an individual study of a SN la host: NGC 976

In this section, I give the example of the preliminary study of the spiral galaxy NGC 0976, host of SN1999dq. The complété study of this galaxy and of the other galaxies of the sample is currently in progress.

The supernova SN1999dq lias been discovered on the 2th of September by W. Li (see IAU circular n°7247). This SN la is located at AR=-5.1 DEC+-6.0 from the galaxy center (02:34:00.02 +20:58:36.4).

Morphology

The NGC 0976 is a spiral galaxy with a small inner ring. It is classified as a Sc galaxy in the Hubble classification [START_REF] Jha | UBVRI Light Curves of 44 Type la Supernovae[END_REF] 2003b) délimitation (dashed line) some régions fall in the composite AGN-SF area. However, these spaxels correspond to the outskirt régions of the host which hâve lower S/N spectra (S/N<15). We are now analyzing the data by applying a Voronoi binning [START_REF] Cappellari | Adaptive spatial binning of integral-field spectroscopic data using Voronoi tessellations[END_REF] which has the property to preserve the maximum spatial resolution of general two-dimensional data, given a constraint on the minimum signal-to-noise ratio. We hope with this new method to disentangle between bias Chapter 2.

IFS observations of SN la hosts and artifacts due to low S/N or real différence of physical properties in these outskirt régions. This ratio is proportional to the electronic density: higher values correspond to lower electronic densities. The ring and the spiral arms hâve the lower electronic densities, Ne 102 -103 cm 3, while the bulge and the north inter-arm (between the ring and the first arm) hâve the higher electronic densities Ne > 104 cm-3 (Osterbrock, 1989).

In figure 2 [SII]AA6716,6731Â doublet ratio. This ratio is proportional to the electronic density, higher values cor respond to lower electronic densities.

[OI]A6300Â/i//3A vs [0II]A3727Â/iT/3A ratio map which allow to disentangle between 01 lines 

Star formation rate and history

The SN 1999dq is located in the peak of a star-forming région.

Métal content

The métal content of a galaxy can be estimated by measuring the oxygen abundance. The several oxygen abundance calibrators that can be found in the literature hâve ail their pros and cons. For this reason, I hâve derived metallicities maps using 3 different calibrations. In the left panel of figure 2.12, I présent the 12+log(0/H) map derived from the 03N2 parameter and the calibration of Pettini and Pagel (2004). The régions with higher gas metallicities corresponds to the régions with higher star formation. The ring and spiral arms are well visible. The high-metallicity région in the south of the ring correspond to the peak of the Ha émission. The metallicities range from 8.9 in the inner ring to 8.6 in the outskirts disk. The right panel of figure 2.12 is the 12+log(0/H) map derived from the R23 parameter and the Tremonti et al. (2004) calibration. The R23 map is less complété than the 03N2 due to the difficulties on detecting the [OU] fines. The reasons of the none détection in some spaxels may be physical (intrinsic luminosity of the line in these régions), but also due to instrumental limitations. Indeed, the

[OU] line falls in the borders of the detector and therefore it is affected by vigneting effects and by the low efficiency of the instrument at blue wavelength. However, the R23 and 03N2 maps show similar trends: the région with higher SFR hâve higher gas metallicities. The R23 hâve a smaller range on metallicities variations. The différence between the two maps can be due to the dependence of the R23 parameter on the ionization parameter. 

Conclusions

The pilot observational run of November 2009 has allowed us to collect IFS data for 6 SN la hosts. The interprétation of the data is still on progress and I therefore présent here a preliminary study of one SN la host. This pilot run has allowed us to define a strategy to reduce and interpret the 3D data, as well as to investigate the potential of the study of SN la hosts with IFU spectroscopv. For instance, it has reveled some unsurprising limitations such as the low S/N in the external régions of the galaxy. We are now investigating the use of the Voronoi binning method to bin the cube with spaxel of equal S/N. We expect to increase considerably the S/N of the outskirt régions and thus derived more reliable parameters from their spectra.

We are also analyzing the properties of the several régions of the galaxy -arms, ring, bulgeand comparing it with those of the SN localization in order to search for systematic déviation of the SN environment. Preliminary results on the limited sample of six late-type galaxies seem to point out that SNe la occur systematically in région with the higher métal content and star formation rate. We are also comparing the properties near the SN la measured from our 3D spectroscopy with those that hâve been derived from integrated spectroscopy (SDSS, Pietro, long-slit Gallagher 2006[START_REF] Gallagher | Supernovae in Early-Type Galaxies: Directly Connecting Age and Metallicity with Type la Luminosity[END_REF] and SED fitting of aperture photometry.

Conclusion and perspective

''The most. exciting phrase to hear in science, the one thaï heralds new discoveries is not 'Eurêka!' (I've found it!), but 'that 's funny.

Isaac Asimov

Synthesis of the results

The crucial importance of methodology Along my research on the topic of the physical properties of distant galaxies, I hâve been confronted to the critical rôle of the methodology chosen to derived them. The study of intermediate redshift galaxies is frequently conducted in the framework of large surveys such as the CFRS, GOODS, zCOSMOS, WDS or DEEP. They aim to collect a large number of galaxies in order to minimize the statistical uncertainty. In return, they tend to rely on low time-consuming obser vations like photometry or low spatial resolution spectroscopy which can be important sources of uncontrolled systematic errors. Indeed, reliable estimations of the physical properties of distant galaxies can hardly be reached using these kind of data. Liang et al. (2004a) hâve shown that a reliable estimation of SFR, extinction and metallicity requires at least moderate spectral rés olution (R>1000). I hâve confirmed this resuit with a new set of observations: R23 metallicities derived from low résolution spectra (R=250) are overestimated by +0.27 dex. Distant galaxies are far more complex than local galaxies, i.e. in ternis of morphology and kinematics. Their study is at least equally demanding of précisé observation strategies than what lias been used for local galaxies. To better control the biases on the dérivation of the physical properties of faint and distant galaxies, I hâve evaluated them with at least two independent-measurements.

Indeed, each measurement can be affected by different errors which can be of physical nature, such as the sensitivity of the method to the star formation history, or due to the measure ment themselves, but a systematic double estimation allowed us to get a better control 011 the systematics.

Galaxies evolved as closed-box Systems during the past 8 Gyr

In the framework of the IMAGES survey, I hâve derived the properties of the ISM from integrated spectroscopy data of a représentative sample of z=0.6 intermediate-mass galaxies. The galaxy spectra hâve been acquired with FORS2 at moderate spatial resolution (R=1000) and hâve S/N comparable to those of local SDSS. The main results of this study are:

• The M-Z relation at 2 ~0.6 puts 011 evidence the strong évolution (~0.3 dex) of métal content in the gaseous phase of galaxies.

• The M-Z relation at 2 ~0.6 had a larger dispersion compared to the local relation.

• The gas fraction lias doubled from z=0 to 2 = 0.6.

• The effective yield of 2 ~0.6 galaxies is concordant with a closed-box model. However, small contributions of outflows and infalls cannot be excluded.

• There are 110 evidence of outflows in 2 ~0.6 galaxy spectra and therefore, which implies that large-scale outflows do not play an important rôle in intermediate mass galaxies at this redshift.

These observations suggest that. the évolution of galaxies is consistent with a closed-box scénario in the past 8 Gyr. In other words galaxies evolve simply by transforming their gaseous content into stars. Such a resuit does not exclude external sources of gas but it simply show that they are not required to explain the observed évolution. On the other hand, IMAGES has put on evidence merger events as a central process of the recent évolution of intermediate-mass galaxies.

For instance, the large dispersion of the M-Z relation at 2 ~0.6 can be explain by the diversitv of galaxy building historiés within the framework of a merger scénario. These two apparently contradictor}r observations suggest a disk formation scénario in which local spiral are remnant of the major merger between two gas-rich galaxies progenitor at z ~1 -2. At z=0.6, we observed the final stages of the merger and the relaxation of the rémanent which will then evolved secularly until today.

The SFR: a fundamental parameter to constrain the stellar mass Stellar mass is one of the most difficult quantity to constrain in distant galaxies. I hâve imple- I hâve applied this method to two IMAGES galaxies which hâve been modeled in detail with hydrodynamies simulations. I show that the observational constraint given by the composition of stellar population is a useful tool to reconstruct the past history of these galaxies.

High quality sky extraction in fiber-fed instruments

The study of the évolution of galaxies at extreme look-back time will require observations from large surveys of high-z galaxies with a new génération of instrumental facilities, such as the European-Extremely Large Telescope (E-ELT). In this framework, I had the opportunity of 

Host galaxies of SNe la

During the last decade, SNe la were used as cosmological standard candies. However, subtle systematic uncertainties stemming from our limited physical knowledge of SNe la progenitor stars are currently the major obstacles to fully exploit the potential of SNe la in cosmologv. One approach to get new insight into the properties of SN la progenitors is to focus on their host galaxies. We hâve started a project to study SNe la host galaxies in the local Universe using integrate field spectroscopy, in order to dérivé the properties of the gas and stellar populations in the immédiate vicinity of the SN la. I describe the results of the pilot observation with 6

SNe la host carried out with the PPAK/PMAS intégral field spectrograph at the Calar Alto observatory in November 2009. This data hâve allow us to produce, for the first time, maps of the principal properties of SNe la host, such as the metallicity, extinction, SFR and electronic density. I présent the preliminary study of SN 1999dq host and show the potential of the study of Sn la host with IFU spectroscopy.

Perspectives

Investigate the redistribution of gas after a major merger

The results presented in Part II chapter 4 are in majority not published yet. I am currentlv writing an article on this topic to be summited soon. I will mainly focus on the observed évolution of gas fraction and yield.

In the future, I aim to develop several points of this study. In particular, I am interested in the motions of the ionized gas and métal distribution in the remnants of major mergers. Merger events induce redistributions of gas & star, and can power strong star-formation rates. During the past years, several authors hâve investigated the effects of interactions and mergers on the Chemical content of galaxies. For instance, [START_REF] Rupke | Galaxy Mergers and the Mass-Metallicity Relation: Evidence for Nuclear Métal Dilution and Flattened Gradients from Numerical Sim ulations[END_REF] hâve argued that the low métal content found in the nucléus of interacting galaxies is due to radial inflows of low-metallicity gas from the outskirts of the two merging galaxies. I hâve found that the two most under-metallic galaxies (compared to the médian metallicity at given mass) are probablv ongoing mergers. I am projecting to investigate more in detail this topic by doing a systematic study of morphologies of over-and under-metallic galaxies in the IMAGES sample. Maps of the métal distribution and those of other properties of the ISM of distant galaxies will be useful tools to understand the redistribution of the matter after a merger in gas-rich Systems. Such observations can be done using X-shooter/VLT in IFU mode. I am co-I of a project on this topic (Principal investigator M. Puech): three z=0.6 galaxies hâve been observed with X-shooter IFU in november. In addition, the motions of the ionized gas kinematics on large scale around ongoing mergers or recent remnants can be investigated using the large IFU of VLT/GIRAFFE spectrograph. I hâve already submited several observational proposais (until now accepted but not scheduled)

to observe the external disks and internai halos up to radii of 50 kpc in actively star-forming galaxies at z-0.6-0.7 with this instrument, see Fig. 2.13.

At longer terms, the next observational facilities will allow us to study the physics of LSB galaxies. Their high gas fractions and the probable évolution in number density suggest that LSB galaxies may play a crucial rôle in the évolution of galaxies during the past 8 Gyr and even more at higher look-backtimes.

Tracing back in time the star formation history from 7 Gyr to the early Universe

The preliminary results show that the constrain on the SFR improves the accuracy on the derived stellar mass and stellar population in star-forming galaxies. In the next months, I will optimized and test the method. I am actually optimizing the parameter of the swarm intelligence algorithm to improve its convergence and decrease the execution time. I am planning to realize more test using fake galaxies with more complex SFHs, such as model galaxies taken from hydrodynamical merger simulations [START_REF] Wuyts | Recovering Stellar Population Properties and Redshifts from Broadband Photome try of Simulated Galaxies: Lessons for SED Modeling[END_REF] and to evaluate the uncertainties due to the models and observations [START_REF] Conroy | The Propagation of Uncertainties in Stellar Population Synthesis Modeling. I. The Relevance of Uncertain Aspects of Stellar Evolution and the Initial Mass Function to the Derived Physical Properties of Galaxies[END_REF](Conroy et al., , 2010;;Conroy and Gunn, 2010). After the validation of the method, I will applied it to the IMAGES galaxies in order to derivate their star-formation history. It will allow us to constrain the évolution of the star formation rate density from 7 Gyrs to the early universe. Complement.ary studies with other photometric galaxy samples are also planned.

A new sky subtraction algorithm for fiber-fed spectrographs

The tests realized on the A -À sky reconstruction method to subtract sky light in fiber-fed spectrographs give very promising results. They show that this new technique can overcome the apparent limitation of fiber-fed instruments in recovering with high accuracy the sky con tribution. If OPTIMOS-EVE was accepted for a phase B, my work on the next months on this topic would be to implement and optimized the algorithm in the data-reduction pipeline of OPTIMOS-EVE. Tests on real data with existing fiber-fed instrument, such as VLT/GIRAFFE and Caha/PKAS, are also planned. Independently of the acceptance of OPTIMOS-EVE for a phase B, I want to create a user-friendly interface for the sky-subtraction algorithm and adapt it to reduce data from several fiber-fed spectrographs. This software will be make public.

Define strategy and tools for 3D surveys of SN la host

As commented previously, the CENTRA-GEPI project on study of hosts of type la supernovae is in the first stages of realization. The data from the pilot observations in November 2009 lias been crucial to establish a strategy to reduce and interpret the 3D data in view of the arriving data from the CALIFA survey. In the next 3 years, the CALIFA large survey at Calar Alto observatory will provides us with IFS data for approximative^50 SNe la hosts and thus provide a sufficient number of hosts to deliver confident conclusions on the systematics induced by the SN la progenitors on the dérivation of cosmological parameters. Several studies hâve characterized the relation at higher redshift: given stellar mass (Liang et al. 2006). Such a trend is also found at higher redshift. However, the métal abundance of the gas in galaxies is estimated for ail these samples from strong line cal Throughout this paper we adopt a A-CDM cosmological model (Hq = 10 kms"1Mpc"1, Qm = 0.3 and QA = 0.7).

0 < z < 1 (
Ail magnitudes used in this paper are in the AB System, unless explicitly noted otherwise. The adopted solar abundance is 12 + log(0/H) = 8.66 from Asplund et al ( 2004). Spectra w'ere extracted and wavelength calibrated using the IRAF: package. The spectra w'ere flux calibrated using photometric standard stars. We compared the spectrophotometry to HST/ACS photometry in V. /. Z bands and V, /, R in the EIS catalogue and found a good agreement.

Samples

From the 241 target objects with /Ab < 23.5 mag from the FORS2-IMAGES sample, we hâve identified 231 targets. For 10 targets we hâve not been able to perform an identification because of instrumental problems (target falling outside the slit or bad sky extraction). Each redshift is associated with a qual ity flag denoting the reliability of the identification, see descrip tion in Ravikumar et al. (2007). We hâve classified objects into 4 types: a galaxy, split into émission line galaxies (ELG) and ab sorption line galaxies (ALG); quasars and stars. Table 1 show^s the number and type of objects in the different redshift quality Observations in X-rays from the Chandra X-Ray Observatory 1 Ms observations (Giacconi et al. 2002) 

Completeness

In this work, we hâve combined samples A and B and called the whole sample: sample A+B with a total of 88 galaxies.

The two samples of galaxies span the same redshift range. In ternis of absolute magnitude, sample B is composed of galaxies Then, the incompleteness of the sample below Mk = -21.5 does not affect our conclusions.

Methodology and data analysis

The 

Flux measurement

In order to dérivé the métal abundance in galaxies with sufficient accuracy. it is necessary to estimate the extinction and the underlving Balmer absorption. We hâve corrected for the Balmer émission lines from the underlying stellar population. For each galaxy, we fitted the observed spectrum, including its contin uum and absorption lines, wûth a linear combination of stellar libraries. We hâve used a set of 15 stellar spectra from the Jacoby We hâve chosen to use stellar templates rather than the usually used SSP models of Bruzual & Chariot (2003), hereafter BC03. Indeed. BC03 models overestimate the absorption in the H/3 line. Asari et al. (2007); Cid [START_REF] Fernandes | Semi-empirical analysis of Sloan Digital Sky Survey galaxies -I. Spectral synthesis method[END_REF] hâve suggested that the origin of this biais is due to the STELIB library used in the BC03 models. The STELIB spectra hâve an excess of flux in both sides of the H/3 when compared to model spectra. As the synthetic spectrum is not use to retrieved physical properties of the stellar population, we hâve adopted a simple stellar library in order to better control the parameters of the fit.

After subtracting the stellar component, we measured the flux of émission lines using the SPLOT package. When the [O III] ,14959 émission line was not detected. the flux was assumed to be 0.33 times the [Om]T5007 (the ratio of the transi tion probability). For 37 objects of sample A. the Hy line was detected and we could dérivé extinction in the gas phase directly from the spectra. using the observed Hy/H/3 ratio. Assuming a case B recom bination with a density of 100 cm-3 and an electronic tempér ature of 10 000 K, the predicted ratio is 0.466 for /(Hy)//(H/?) (Osterbrock 1989). Using the following relation: The médian extinction in the sample for IR/H/? estimation is Ay = 1.71. In the case of objects without IR détection, we used the détection limit of 0.08 mJy of the MIPS catalogue to find an upper limit for Lir and so an upper extinction limit Av(IRjim)-

A reliable estimate of the extinction

In Fig. 4 we compare the extinction given by the two methods. We plot in the same figure the objects from sam ple A+B with Ay(Balmer) and Ay(IR) measurements. The same methodology was used to determinate Ay(Balmer) and Ay(IR) in Sample B. see Liang et al. (2004a) for a complété descrip tion of the method. Most galaxies fall within the ±0.64 rms l-cr dispersion. This resuit is consistent with [START_REF] Flores | Star formation rates of distant luminous infrared galaxies derived from Ha and IR luminosities[END_REF] and Liang et al. (2004a). We notice that the médian extinction of the sample B is higher than sample A: Ay(Balmer) = 1.82 and Ay(IR) = 2.18. This différence between the two samples can be due to the sélection of the sample B: galaxies are more luminous than in sample A and detected in near IR. Some discrepancies between the two measurements of extinction are due to geometrical properties, as in J033212.39-274353.6, J033232.13-275105.5 and CFRS 03.0932 which show Ay(IR) greater than A y (B aimer). Indeed, these 3 objects are edge-on galaxies. In such cases, a large fraction of the disk is hidden by the dust in the disk plane.

The detected optical Balmer lines trace the star formation of a few optically thin HII régions lying on the periphery of the galaxy in the line of sight of the observer. The conséquence is an underestimated extinction value. The infrared radiation is less affected by dust so it cornes from deeper régions of the galaxy. Thus. we expect to hâve higher extinction values when estimated with the IR flux. For non-edge-on galaxies, we hâve assumed that the différ ence between the two measurements is statistical and not intrinsic: i.e. the two extinctions are statistically equal. Hereafter. we assume Ay as the mean value between Ay(IR) and Ay(Balmer)

for the objects with IR détection and the mean between Ay(IRi;m) and Ay(Balmer) for galaxies with an IR upper limit. For ob jects without Hy détection we hâve used Ay(IR) or Ay(IRüm) when Lir is not available. For edge-on galaxies, the différence between the two extinction estimâtes is physical, as explained above. Since our aim is to correct the optical spectra. we hâve used A y (Balmer) for these galaxies. The comparison between the two extinction estimâtes allows us to minimize systematic errors. In fact. Ay(IR) tends to give higher extinction values be cause the mid-IR light is less affected by dust. On the other hand, the Balmer décrément may underestimate the extinction because it follows only tire massive star population and régions without dust-obscured star formation. Adopting the mean val ues between the two methods allows us to reduce the systematic errors of each one.

Searching for possible AGN contamination

Before studying metallicities in galaxies we hâve to identify the objects whose lines are affected by contamination from an AGN.

This identification is essential because the AGN processes af fect the [Om] émission lines and thus also any metallicity esti mate based in this line. First, we eliminated from Sample A two galaxies harboring AGN spectral features, like broad Mg II and detected. Broad Balmer Unes suggest that these galaxies are Seyfert 1 galaxies.

Then, the diagnostic diagram log([On] AYUl/Wp) vs.

log([0 m] AA4959, 5007/H^) was used to distinguish the H n region-like objects from LINERs and Seyfert galaxies, see 

Estimating the metallicity of the ionized gas

We hâve evaluated the métal abundance in the warm ionized gas.

Such an estimate reflects the current metallicity of the gas from Unfortunately, in metal-rich environments the [O m]/l4363 line is too weak to be detected. Furthermore, even at low metallicities this auroral line is hardlv détectable in low 5/N spectra from high-z galaxies.

To overcome this difficulty. several estimators are used in literature based on strong émission fines. We hâve used the R21 parameter defined by Pagel et al. (1979) is valid only for the upper branch of the /G3 vs. 12 + logO/H relation. We hâve assumed that our sample of intermediate-mass galaxies fies in the upper branch. In fact, galaxies in the extreme end of the lower branch are extremely rare and are associated with dwarf galaxies. For moderate metallicities. near the tuming point of the relation, the uncertainties in selecting the appropriate branch is smaller than the uncertainties from sky and extinction.

We test this hypothesis with the [N II]/[On] indicator. There are only 4 galaxies in our sample with [N II] measurements: ail hâve log/([Nll])//([0 II]) > -1 and therefore belong to the upperbranch (Kewley & Dopita 2002). We think that. with a large level of confidence, ail the objects lie in the upper branch of the /?23 vs. 12 + log(0/H). Nine objects hâve log/?23 > 1 where the Tremonti et al. (2004) calibration is not defined. In such cases we adopted the limit given where log AE23 = 1 • For the 5 lowest redshift galaxies (type E3 in 12 + log(0/H) = -0.60 x logRt, -3.24.

We hâve not found anv evidence of a systematic bias between the 7?23 and the R$ calibrations. Métal abundance and the associated error are shown in Table 8.

Error budget

The uncertainties in the data were assumed to be Poisson We contpared the métal abundance of our sample of 88 distant galaxies with those of local starbursts from SDSS (Tremonti et al 2004). Stellar masses were estimated using absolute K band magnitude with MSXe\]aT/Lx expected by observed rest frame B -V color (Bell et al 2003) and converted to a Salpeter (1955) IMF. The convertion between [START_REF] Kroupa | On the variation of the initial mass function[END_REF] and Salpeter (1955) is described in Bell et al (2003). We found that distant galaxies are métal déficient compared to local star bursts, as shown in Fig. Only galaxies with a stellar mass over the limit of completeness were used. The standard error was estimated using a bootstrap method.

The shift is assumed to be only due to a metallicity évolution.

Indeed. Liang et al. (2006) argue that the évolution in the M-Z re lation is due to a diminution of the métal content in galaxies rather than an increase of their stellar mass. In fact, the amount of star formation necessary to increase the stellar mass by ten tintes would imply that almost ail the light in distant galaxies is associated with a very young stellar population. However. the spectra of these galaxies show a mixture of young, intermediate and old stellar populations.

There is a large dispersion of the data around the médian relation at z ~0.7, about ±0.45 dex. To verify if this dispersion is intrinsic to the objects or due to the error on our data, we divided our sample into three bins. Bin 2 (3) includes the 25% of object which are the most over (under) métal abundant compared to the médian. The rest of the objects constitutes bin 1. We calculated the médian error of the metallicity in each bin and found: 0.05, 0.03 and 0.1 (bin 1. bin 2 and bin 3). We hâve plotted the mean error of each bin in Fig. 7. There is an évolution of the error of the metallicity through the 3 bins, which is well explained by the shape of the 12 +log (O/H) vs. AE23 calibration. Indeed, the metallicity varies rapidly with AE23 in the metallicity range near the turn over of the function. at low metallicities. Nevertheless.

the dispersion of the data in the M-Z relation is much larger that the error on metallicity. The dispersion is then intrinsic to the objects. We discuss the origin of this dispersion in Sect. 6.4.

We hâve searched for systematic effects due to morphological and environment properties. First we isolated the sub-sample of galaxies standing in the CDFS structures. Métal abundance 2004) is marked with a green line. Only galaxies with over the completeness limit log A/Steiiar < 10 hâve been taken to calculate the médian shift. The two black lines in the right panel are the médian of the two previous bin. may be higher in these galaxies because of higher merger rates and then rapid galaxy évolution. Nevertheless we hâve not found any evidence of bias. This is probablv due to an effect of data sé lection. The working sample majority includes starburst galaxies with intermediate mass. The evolved galaxies in structures are expected to be massive galaxies with poor star-formation.

We hâve also tested the effects of morphology on the locus of galaxies in the M-Z relation. We selected spiral galaxies in sam ple A + B [START_REF] Hammer | Did most presentday spirals form during the last 8 Gyr?. A formation history with violent épisodes revealed by panchromatic observations[END_REF] and plotted them in the M-Z plot, but no effect was found.

Finally. we focused particularly on the study of LIRGs. [START_REF] Rupke | The Oxygen Abundances of Luminous and Ultraluminous Infrared Galaxies[END_REF] found that LIRGs and ULIRGs are métal under-abundant by a factor of two compared to emission-line galaxies in the local Universe. We hâve looked for evidence in the sub-sample of 20 LIRGs representing 20% of the sam ple A + B. We compared the LIRG metallicity with the starburst galaxies at z ~0.7 and we did not find any shift. The small métal overabundance found by Liang et al. (2006) was due to a sélection effect: LIRGs in sample B are more massive and hâve higher redshifts than in sample A. Nevertheless, we noticed that the z ~0.7 LIRGs fall in the same locus as the local LIRGs in the M-Z relation. We will discuss these results in the Sect. 6. 3. We find We then searched for an évolution of the oxygen abun dance at higher redshifts. It is important that the comparison be tween different samples needs consistent measurements of oxy gen abundance and stellar mass. In fact. particular care has to be taken when comparing metallicities from different métal estimators, especially when the aim is to evaluate the offset between samples due to an évolution in metallicity. The systematic error due to the use of different calibrations can range up to 0.5 dex and thus can be higher than the métal évolution, cf. [START_REF] Rupke | The Oxygen Abundances of Luminous and Ultraluminous Infrared Galaxies[END_REF]. We describe below the high-z samples from the literature that hâve been used for this comparison. -At higher redshift, z ~2, [START_REF] Shapley | Evidence for Solar Metallicities in Massive Star-forming Galaxies at z > 2[END_REF] observed 7 star-forming galaxies. The oxygen abundance was also estimated using the N2 parameter and the Pettini & Pagel (2004) calibrator. The stellar masses were calculated by fitting the spectral energy distribution to multi-band photometry.

-At the same redshift, <z) = 2.26, Erb et al (2006) hâve measured the métal abundance of 6 composite spectra from 87 star-forming galaxies selected by ultraviolet rest-frame and binned by stellar mass. They used the same calibration for 12 + log(0/H) estimation and used the same stellar mass estimâtes as [START_REF] Shapley | Evidence for Solar Metallicities in Massive Star-forming Galaxies at z > 2[END_REF].

- [START_REF] Maiolino | The évolution of the massmetallicity relation at z[END_REF] presented preliminary results from the AMAZE large program to constrain the M-Z relation at Z = 3. The oxygen abundance was measured by the R23 parameter and following the procedure described by [START_REF] Nagao | Gas metallicity diagnostics in star-forming galaxies[END_REF]. We only selected the 5 objects above our stel lar mass completeness limit and used the R23 measurement to estimate the métal abundance using the Tremonti et al 

Possible systematic uncertainties

In this section we discuss the possible systematic errors that can affect our détermination of the évolution of the M-Z relation. 2008) is plotted in green squares.

Metallicity calibrators

As we hâve emphasized in Sect. 3. the détermination of metallic ity using different calibrations may give very discrepant results.

However, [START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF] hâve shown that the relative metallicities between galaxies can be reliably estimated within ~0.15dex when using the same strong line calibration. In this work we hâve taken spécial care to compare our sample to the local galaxies using the same metallicity calibration and methodology. [START_REF] Liu | Metallicities and Physical Conditions in Star-forming Galaxies at z ~1.0-1.5[END_REF] compared the M-Z relation at z ~1 to the local relation using N2 for both redshifts. They hâve found that z ~1 galaxies hâve métal abundances 0.22 dex lower than in the présent Universe. This is comparable to our results.

The comparison between the metallicity at z ~0.65 and higher redshift samples is less robust: low S/N spectra and different métal indicators hâve been used. In fact, high-z sam ples usually use the N2 indicator. Several authors hâve tried to build conversions between metallicity calibrations, e.g. [START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF]. However. these conversions hâve been derived from local samples and may be not valid at higher redshift. [START_REF] Liu | Metallicities and Physical Conditions in Star-forming Galaxies at z ~1.0-1.5[END_REF] hâve suggested that at z ~1 the metallicities of galaxies are overestimated by ~0.16dex due to different physical conditions in HII régions at higher redshift: violent starformation. shocks. higher ionization parameters. No evidence of such different conditions of HII régions hâve been found in our sample, according to the diagnostic diagrams. et al. 1994;Garnett et al 1997;Rolleston et al. 2000). [START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF] hâve showm that the effects is relevant for mas sive galaxies Mstei]ar > 1010 MQ. However, the bias due to aper ture effect in the SDSS is not larger than Z ~0.1 dex [START_REF] Kewley | Aperture Effects on Star Formation Rate, Metal licity, and Reddening[END_REF]) and thus has a minor impact on the estimation of the évolution of the M-Z relation.

Extinction

The effect of extinction on the estimation of metallicity is one of the main systematic errors affecting the M-Z relation. For The effect of extinction may be one of the reasons for the différence between our observations and those of [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF]. They hâve observed that the average metallicity of mas sive galaxies has not evolved from z ~0.6 to the présent day and thus hâve claimed this as evidence for downsizing in metallic ity. How'ever, the majority of massive galaxies in the [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF] sample corne from measurements of Lilh et al (2003) which are from spectra with low S/N and spectral rés olution. Moreover. they hâve applied an average Ay = 1 to cor rect émission lines. This extinction value is underestimated by about ~1 mag for at least one third of the [START_REF] Lilly | The Metallicities of Star-forming Galaxies at Intermediate Redshifts 0[END_REF] sam ple, which corresponds to LIRGs. Liang et al (2006) hâve esti mated that the underestimation of the extinction in the [START_REF] Lilly | The Metallicities of Star-forming Galaxies at Intermediate Redshifts 0[END_REF] sample leads to an overestimation of ~0.3 dex on metal licity. which can explain the discrepancy with our sample. The galaxies in the GDDS sample in [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF] hâve low luminosities and also can be affected by the low S /N of the spec tra which does not allow one to retrieve proper extinction from Balmer lines for individual galaxies. These effects are amplified for evolved massive galaxies, especially those experiencing successive bursts and containing a substantial fraction of A and F stars. Unfortunately these stars are prédominant in intermedi ate mass galaxies, and thus contaminate extinction measurement by their large Balmer absorption. Furthermore, the average ex tinction used by [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF] may be underestimated because the combining spectra used to measure Hy and H/? lines is dominated by low7 extinction Systems.

Stellar mass

A bias in the estimation of stellar mass at high redshift must be considered. In this work, stellar masses hâve been estimated from the A/steiiar/T* ratio using the method of Bell et al. (2003).

This method uses the tight corrélation between rest frame optical color and M^w^/Lk ratios. The amount of light due to red giant stars is corrected in the using the g -r colors.

At higher redshift, the influence of TP-AGB stars in the dériva tion of the stellar masses could resuit in an overestimation of the stellar mass by ~0.14 dex (Maraston et al 2006;[START_REF] Pozzetti | The VIMOS VLT Deep Survey. The assembly history of the stellar mass in galaxies: ftom the young to the old universe[END_REF]. However this bias has only a slight effect on the évolution of the M-Z relation. The bias in stellar mass directly translated into a systematic effect of the évolution of the M-Z relation is around-0.05 dex.

Uncertain budget

We summarize ail possible sources of systematic uncertainty identified so far. in Tables 4 and5. We expressed ail uncertainties on terms of their influence in the shift of the M-Z relation from the local Universe to higher redshift. In the intermediate redshift sample we hâve taken particular care to diminish the bias from extinction estimâtes and from metallicity calibrations.

Firstly, methodology has allowed us to reduce the bias due to ex tinction. Secondly, we used a similar methodology and the sarne metallicity calibrators for our sample and the local sample of Tremonti et al (2004). The remaining systematics may corne from stellar mass estimâtes and from the aperture effect on the SDSS data. How'ever, as illustrated in Table 4, the systematic error from these two sources is small and thus does not change our results.

The shift of the M-Z relation from intermediate to high red shift is less secure. The sources of systematic error corne from the use of different metallicity calibrations and a possible évo lution of the HII properties at high-z, see Table 5. We hâve tried to minimize the bias from metallicity estimâtes selecting for the high-z sample, the metallicity calibration that better follows the one used in this work. How'ever, even using the 1980). In this model galaxies are isolated Systems which evolve passively transforming their gas into stars, enriching their con tent in metals. The amount of gas converted into stars from Z ~0.6 to the présent can be estimated. following the same methodology as Liang et al. (2006) and proposed by Kobulnicky & Kewley (2004). The métal abundance Z is related to the gas mass fraction by Z(t) = Y \n\/p(î), (6) where p = Mgas/(M"as + Msteiiar) is the fraction of gas. As the yield is constant the variation of metallicity dépends only on the variation of the gas fraction: d(logZ)/d/i = 0.434/yulnyu. (7) We assume that local galaxies hâve a gas fraction po = 10%.

The metallicity of the gas phase decrease by a factor of two from z = 0 to z = 0.6. Then from Eq. ( 7) the gas fraction at z = 0.6 predicted by the closed box model is around mu = 30%.

This means that the présent day intermediate galaxies would hâve converted 20% of their présent baryonic mass from gas into stars. Puech et al (2008) studied the évolution of the Tully-Fisher relation at z ~0.6 using a représentative sample of 65 émissions line intermediate galaxies. They found a significant évolution of the ÀT-band TFR zéro point, which they attribute to an average brightening by 0.66 mag. After considering several alternatives for the évolution of the stellar mass, they conclude that on average, spiral galaxies hâve doubled their stellar masses since z = 0.6. The closed box model predicts a much lower efficiency in converting gas into stars during the same elapsed time. There would be not enough gas from the closed box model to feed the stellar mass doubling. This discrepancy can be explained if ~30% of the stellar mass was formed by external gas supply, probably métal enriched [START_REF] Edmunds | General Constraints on the Effect of Gas Flows in the Chemical Evolution of Galaxies[END_REF]). We can definitively rule out a closed box model as a viable descrip tion of the métal content in galaxies from z = 0.6 to z = 0.

The closed box model has been taken as a first approach to explain the métal évolution of galaxies, e.g. [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF]. However, we notice that the closed box model is not consistent with the two major scénarios of galaxy évolution.

Indeed. to résolve the G-dwarf problem and to explain the évo lution of disk, the secular scénario needs to take into account a large amount of infalling gas. e.g. primordial gas in filaments (Semelin & Combes 2005). In the hierarchical scénario the évo lution of galaxies is driven by mergers and interactions, thus by gas exchange.

Comparison with previous models of galaxy Chemical évolution

We compare our results with galaxy évolution simulations by de Rossi et al (2007); [START_REF] Buat | Star formation history of galaxies from z = 0 to z = 0.7. A backward approach to the évolution of star-forming galaxies[END_REF]; Mouhcine et al (2008).

We hâve only compared the évolution of métal content in the gas phase found by the models in the same mass range as in our sample.

Within the framework of the hierarchical scénario, de Rossi Thus they predict that the spectra of massive galaxies should be mainly composed of an old metal-rich stellar population. This is in strong contradiction to our results. In our study 38% of the galaxies are above the critical mass and hâve strongly increased their métal content, which is consistent with the évolution of the Tully Fisher relation (Puech et al. 2008). Moreover, the results of stellar continuum fitting indicates that the prédominant stellar population is composed of A and F stars, which suggest sig nificant stellar formation 1.5 Gyr prior to our observations. The prédominance of an intermediate âge stellar population in galax ies at intermediate redshifts had been previously pointed out by Hammer et al. (2001 ). Mouhcine et al. (2008) hâve simulated numerical models of galaxy évolution in the hierarchical scénario and they also pre dict an important downsizing effect. Métal abundances of galax ies with Msteiiar > 1010Mo hâve not evolved since z ~1.2.

However. they found a stellar mass assembly and a metallicity dispersion consistent with our results.

Finally we compared our observations with the Chemical évolution model presented by [START_REF] Buat | Star formation history of galaxies from z = 0 to z = 0.7. A backward approach to the évolution of star-forming galaxies[END_REF]. They investigated the star formation history of star-forming galaxies from z = 0 to z = 1 and compared it with évolution models developed for local spiral galaxies within the framework of a secular evolutionary scénario. From their model they predict the SFR and the M-Z relation évolution for intermediate mass galaxies. Their predicted évolution of metallicity is half of our observations:

they predict a shift of -0.2 dex at z = 1 (against ~-0.4dex in this study, see Table 3).

They also predict that at z ~1 massive galaxies hâve in creased their métal content more rapidly than low mass galax ies, which is at odds with most current models. The Buat et al (2008) model is based on the evolutionary history of the Milky Way, a galaxy which may not be représentative of typical spirals (Hammer et al 2007). For example, it is unlikely that the Milky Way has undergone in the past 8 Gyr strong épisode of star for mation such as a LIRG, which is quite common in galaxies of our sample.

At z = 0.4-0.9, the fraction of émission line galaxies is 60-70% (e.g. Hammer et al 1997). Any déviations from local values in a sample of émission line galaxies is at odds with the above modelling. If we constrain Sample A to the redshift range from 0.4 to 0.7 (which limits technical problems like fines out of range), we find that 96/136 galaxies are émission fine galax ies (31 with EQW(OII)< 15 and 65 with EQW(OII)> 15) and Table 5. Identified systematic uncertainties that could impact on the shift of the M-Z relation between z ~0.6 and high-:: galaxies. We estimate the doubling time. defined by tD = A/steiiar/SF/fo, for émission line galaxies in the IMAGES sample. The SFR for galaxies without IR détection was estimated using the Lir limit of détection of MlPS/Spitzer and the SFR2800 To dé termine the unobscured SFR2S00 we used the UV calibration of Kenmcutt ( 1998) and the rest-frame 2800 Â luminosity from SED fitting.

We confirm that massive galaxies convert less gas into stars than lower mass galaxies at 0.5 < z < 1: e.g. the for a massive galaxv log Mstenar = 11 is above 3 Gyr whereas a less massive galaxv logMsteiiar = 10.3 doubles its stellar content in less than 1 Gyr. This effect is usually called "downsizing": low mass galaxies form stars at later epochs than massive galaxies.

Severals authors hâve pointed out that downsizing is in contra diction to the hierarchical scénario. Massive galaxies form later than low mass galaxies by accretion of small dark halos, in the bottom-up scénario. However Mouri & Tamguchi (2006) and [START_REF] Neistein | Natural downsizing in hierarchical galaxy formation[END_REF] hâve demonstrated that the downsizing of star-forming galaxies is inhérent in gravitational processes of the hierarchical scénario. Low mass galaxies hâve very long gravita tional collapse time-scales due to their small potential well. Thus they start to produce stars later than massive galaxies.

The small values of the doubling time in intermediate mass galaxies at z ~0.6 (see Fig. 12) confirm the strong évolution of these sources at this epoch. We find that the doubling time diminishes with redshift which is due to the star-formation increase with redshift. These observations are in good agreement with the results of Puech et al. (2008) who argue that galaxies hâve doubled their stellar mass in the last 6 Gyr.

Similarities between local LIRGs and distant starbursts & LIRGs

The IMAGES sample lias enabled us to investigate several properties of distant starbursts, such as metallicity and star-formation rates, etc. These observations reveal that local LIRGs and distant starbursts/LIRGs share many properties:

-Same locus in the M-Z relation [START_REF] Rupke | The Oxygen Abundances of Luminous and Ultraluminous Infrared Galaxies[END_REF] Table 7. The extinction Av(Balmer), Ay(IR) and the adopted Av. The A y (IR) calculated with the lower limits of IR détection are upper limit.

The final extinctions estimated onlv with the limit are noted with1. Three SFRs are given: SFR\R. SFRhh. SFR\j\. The SFRHh is corrected for extinction and aperture. To détermine the unobscured SFR\j\. we used the rest-frame 2800 A luminositv from SED fitting. This crude assumption can lead to a slight overestimation of their stellar mass (by ~0.1 dex) although it does not affect the overall resuit.

-Similar morphologies: dominated by mergers and spirals Severals studies in the local Universe hâve pointed out the link between LIRGs and merging of gas-rich spirals (Veilleux et al. 2002;Sanders & Ishida 2004;[START_REF] Jha | UBVRI Light Curves of 44 Type la Supernovae[END_REF]. At higher redshifts a signifîcant fraction of the distant galaxies hâve morphologies that include spiral to peculiar [START_REF] Hammer | Did most presentday spirals form during the last 8 Gyr?. A formation history with violent épisodes revealed by panchromatic observations[END_REF]Netchel et al. 2008). Distant LIRGs are also associated with mergers at different stages or with large disks [START_REF] Hammer | Did most presentday spirals form during the last 8 Gyr?. A formation history with violent épisodes revealed by panchromatic observations[END_REF]Flores et al. 1999).

Fundamental properties such as morphologies, star formation efficiency and mass-metallicity are similar for both local LIRGs and distant starburst/LIRGs. We may thus wonder whether lo cal LIRGs and distant starbursts also share the same physical mechanisms explaining their properties. The only discrepancy between the two populations is their numerical abundance: while local LIRGs only represent 0.5% of the local massive galaxies, distant starbursts studied here represent approximatively 60% of distant massive galaxies (Hammer et al 1997). We suggest that local LIRGs are the latecomers of the main population of mas sive starburst galaxies visible at z ~0.6.

What is the physical process explaining the properties of these two galaxy populations of actively star forming galaxies?

Since star formation increases the abundance of a System, the only processes that can reduce it is gas motion [START_REF] Edmunds | General Constraints on the Effect of Gas Flows in the Chemical Evolution of Galaxies[END_REF]Koppen & Edmunds 1999;[START_REF] Dalcanton | The Metallicity of Galaxy Disks: Infall versus Outflow[END_REF]. For local LIRGs, [START_REF] Rupke | The Oxygen Abundances of Luminous and Ultraluminous Infrared Galaxies[END_REF] hâve proposed that the encounter between two gas-rich galaxies causes lower métal abundance The external gas supply through merger process is in good agreement with Damped Lyman Absorber (DLA) observations.

DLAs hâve a lower métal content compared to émission selected galaxies and hâve a wide dispersion in metallicity. Absorption measurements through DLAs trace outer régions of galaxies and probably extend envelopes of unprocessed gas on the outskirts of galaxies. Wolfe et al ( 2003) hâve proposed a scénario for the formation of spiral galaxies from DLAs in which disk galaxies are surrounded by halo of neutral gas during their assembly. The simulations of Navarro ( 2004) and Govemato et al (2007) hâve reproduced many properties of local spiral galaxies by merger of gas rich encounters.

Conclusions

We hâve observed 88 intermediate mass galaxies with high quai- abundance of galaxies diminishes with redshift. Using similar measurements from samples at higher redshift we recover the évolution in metals in the ionised gas from z = 0 to z ~3: we find a linear évolution of metallicity as a function of the lookback time. This simply means that the évolution of the gas phase in massive galaxies is still active down to z = 0.4 unlike to the popular belief that ail massive galaxies hâve their stellar content locked after z = 1.

Our results are thus in strong disagreement with those of [START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF] We hâve shown the need for a significant contribution of external gas supply in the métal content évolution of galaxies.

From 6 Gyr ago. a significant fraction of massive galaxies hâve undergone a rapid growth in which 30% of their présent stellar mass has been formed from an external gas supply. The addition of gas in galaxies explains the métal deficiency of star-forming galaxies at z ~0.6 at ail mass scales. The origin of the gas supply is a key question. In the secular scénario, the infalling gas cornes from pristine gas in the large scale filament structures. The perturbed kinematics and morphology of the intermediate redshift galaxies hâve lead us to favor the hierarchical scénario where the unprocessed gas could arise from large envelopes of gas lying in the halo of galaxies after merging events.

We hâve shown that local LIRGs and distant starbursts and

LIRGs share similar properties such as star-formation efficiency, métal abundance and morphology. We suggest a unique évolu tion scénario for both populations, which is linked to the gas infall provided by galaxy merging and interactions. Progenitors Way that developed into a general description of the formation of a disk galaxy embedded in a halo (e.g., Eggen et al 1962).

On the other hand, the peculiar nature of the Galaxy lias been questioned (Hammer et al. 2007): compared to other spirals of similar rotational velocity. it exhibits too small stellar mass, an gular momentum. disk radius and halo stars [Fe/H] ratio. The Milky Way is possibly peculiar because it has not experienced any significant collisions since 10-11 Gyr, in contrast to M 31 (Ibata et al 2005;Brown et al. 2008), whose properties are far more typical (Hammer et al 2007). Thus, it could be useful to re-evaluate the secular model of disk formation.

An important debate is how to reconcile the presence of numerous present-day thin disks with their fragility to collisions (Toth & Ostriker 1992). Ail recent studies now appear to agréé that a significant fraction (~40-90%) of local intermediate-mass galaxies hâve experienced a major merger within the past 8 Gyr (Rawat et al. 2008;Ryan et al. 2008;Lotz. et al. 2008a;Bell et al. 2006). Studies of the merger-rate évolution hâve now reached sufïïcient maturity: the pair fraction of galaxies at z ~0.6 with a mass ratio ranging from 1:1 to 1:4 is 5 ± 1 %, regardless of the adopted observational methodology (e.g. Bell et al 2006, and references therein). The main uncertainty presently exists in the modelling, i.e. the assumed characteristic time for a true pair to actually merge, but there are few doubts that major mergers play an important rôle in shaping present-day galaxies and thus, the Hubble sequence.

The above considérations may support the Hammer et al (2005) proposition that disks hâve been rebuiit following the encounters of gas-rich spirals. This proposition was inspired by the remarkable coincidence between the increase with redshift, up to z = 1, in the fraction of actively star-forming galaxies (including LIRGs, i.e.. luminous infrared galaxies) and the fraction of galaxies with anomalous morphologies, including the high Article pubhshed by EDP Sciences fraction of luminous compact galaxies at z > 0.4, see Hammer et al. (2001Hammer et al. ( , 2005)). This proposition was followed by simula tions of gas-rich mergers (Robertson et al 2006;Governato et al 2007), which demonstrated that a disk may be re-built after a merger. Such a conclusion had been already reached by Barnes (2002), who predicted: "these disks, if subsequently converted to stars, would be fairly hard to detect photometrically unless viewed from a favourable orientation." More recently Lotz et al (2008b) analysed a large suite of simulated equal-mass, gasrich mergers and described most merger remnants as disc-like and dusty. In these simulations, significant disks may be rebuilt only if the encounters are very gas rich, with gas fraction of 50% or more. The importance of the évolution in the gas content of galaxies is still unknown because direct observations are out of reach before SKA. However. indirect observations based on the O/H abundances of the gas phases of galaxies suggest high gas fractions at z ~2 (Erb et al. 2006), and even at z ~0.6 (Liang et al. 2006;Rodrigues et al 2008). galaxy with a stellar mass comparable or higher than that of the Milky Way. These compact objects hâve been already identified [START_REF] Guzman | The Nature of Compact Galaxies in the Hubble Deep Field. IL Spectroscopic Properties and Implications for the Evolution of the Star Formation Rate Density of the Universe[END_REF]Hammer et al. 2001) to be quite numerous at intermediate redshift and far more abundant than in the present-day Universe (e.g. Rawat et al. 2007). Since they are often strong star-forming objects, their emergence at intermediate redshift contributes to the overall décliné of the star formation density (e.g. [START_REF] Guzman | The Nature of Compact Galaxies in the Hubble Deep Field. IL Spectroscopic Properties and Implications for the Evolution of the Star Formation Rate Density of the Universe[END_REF]. IMAGES database and can be retrieved from Yang et al (2008). Neichel et al (2008). Puech et al (2008) and Rodrigues et al (2008). We note that the kinematics of compact galaxies such we adopted a 3 component fitting (bulge. disk and arms) as pro vided by GALFIT. During our analysis, we attempted to varv some parameters such as the bulge Sersic index or its axis ratio.

Ail of our attempts confirmed the numbers displayed in Table 1, namely the B/T and D/T ratio, disk and bulge radii, and disk of n = 3.89, in good agreement with expectations for a classical bulge. We also attempted to vary the Sersic index of the disk, which provided a best fit solution for n = 0.97 in good agreement with expectations for a exponential disk. For reason of simplicity. we then assumed values of n = 4 and 1 for deriving the luminosity profile of the bulge and the disk, respectively (Fig. 2).

The UDF imagery (Fig. 1 ) reveals a red disk surrounding a blue bulge, which is quite unusual. The disk colour ranges from {b -z) = 2.8 to 3.5, i.e. close to that of very old stellar pop ulations. Thus. it is likely that the disk of the LIRG is heavily extincted. Indeed. while the bar is clearly identifiable between the bluest arm and the bulge, it vanishes on the other side. The dust within the disk may also be responsible for the colour asymmetry of both bar and arms, such that the bluest arm is in the foreground to the disk, while the other is in background. It suggests another oddity of J033245.11 -274724.0: the arms -as well as the bar -may not be located fully inside the disk, so that a significant part of them emerges above and below the disk. Both arms hâve clear extensions that surround the disk, suggesting spiraling motions from the disk edge to the centre (see Fig. 1).

Gas motions are quite complex. since the main disk photometric axis is severely offset from the dynamical axis (see Table 1 ).

We note that J033245.11-274724.0 has been classified by (Yang et al. 2008) as a rotating basis on the sole basis of its kinematics. in absence of a clear détection of the dust-enshrouded disk (see Fig. 1). The détection of the disk with UDF imaging challenges this classification because of the misalignment be tween optical and dynamical axes. This also explains why several quantities in Table 1 differ from those estimated earlier: in this study. the B/T ratio and the disk inclination (and thus dériva tion of the velocity) were calculated after applying GALFIT to UDF rather than to GOODS imagery. The bulge has a colour intermediate between a Sbc and a latetype galaxy, and the bluest arm has a colour similar to that of a late type galaxy. The oldest stars in the System are likely to inhabit the bulge. and it is reasonable to assume that both the bulge and the bluest arm are almost not affected by dust. By using NICMOS observations in the J and H band (rest-frame near IR), we find that the B/T ratio does not vary significantly from our fiducial value (0.14; see Table 1 ), meaning that there is no significant dust-enshrouded component in the bulge. Table 2 présents the décomposition of the galaxy into multiple compo nents assuming that the extinction affects mostly the red disk component as well as the background arm. In this model, the outskirts of the galaxy as it can be inferred from the luminosity profile (Fig. 2), and thus, the bulge cannot bring any significant contribution to the high dispersion.

We also note that the velocity dispersion peaks are located near the ends of the arms, which is rather unexpected for the ve locity field of a rotating disk observed at low spatial resolution (Flores et al. 2006). Figure 4 (bottom-left) shows a sketchy rep résentation of the galaxy, which reproduces both its morphology and kinematics.

The disk of J033245.11-274724.0 is rotating too fast for its stellar mass. Indeed, assuming a disk inclination of 39°(see Table 1), the fitting of the velocity field (Puech et al 2008) provides Vflat = 290 km s-1, while at its stellar mass, the Tully- It is thus very unlikely that a fly-by interaction may be the cause of the exceptional properties of this galaxy.

Secondly. internai processes related to the starburst may be considered to explain its properties. In particular. the fact that the kinematical axis is severely offset from the photometric axis may be indicative of gas super-winds (outflows) induced by supemova. These phenomena are observed in many starbursting galaxies (e.g. Heckman & Lehnert 2000). We tested such an alternative by comparing the velocity of the emission-line Sys tem with that of the absorption-line System, and by examining the line profile of the NaD absorption fines, i.e. the two methods outlined by Heckman & Lehnert (2000). By measuring ten robust émission fines (Hy, Hfi. [OIIIJ4959 and 5007, Hel,

[OI], [NII]6548 and 6583 and Ho-), we find a remarkable agréément between those lines with a scatter of only 15 km s"1. We whose gravitational forces prevent stellar super-winds dominâting the velocity field.

Given the above, we hâve no suitable explanations of J033245.11-274724.0 other than the merger-remnant hvpothesis. Table 3 illustrâtes this by presenting the two alternatives, a perturbed disk and a merger remnant, and testing them against the main observed properties.

4.2.

A merger remnant of a 1:1 or a 1:3 fusion? Does the success of our physical mode! necessarily imply that J033245.11-274724.0 is a merger remnant of a 1:1 mass ratio merger?

Using simulations by Barnes (2002), we also tested a model with 3:1 mass ratio. While this also predicts a shape similar of the "bar plus 2 arms System", it is unable to reproduce both the morphology and the high velocity dispersion peaks of 105 km s-1. On the other hand, we tried to reproduce the Barnes (2002) simulations of 1:1 and 1:3 mass ratio using the same parameters but with the Gadget2 code (Springel 2005). A bar is still présent (and persistent), but with a less pronounced S shape.

Different recipes of gas viscosity and star formation may explain these discrepancies. Admittedly, it is beyond the scope of this paper to provide an accurate prédiction of the mass ratio of the progenitors of J033245.11-274724.0. although existing simula tions clearly favour a range from 1:1 to 1:3.

It is also important to note that the simulations by Barnes (2002) predict that a significant fraction of the gas lies in the 2 (after accounting for dust extinction effects),

we reached the conclusions that the J033245.11-274724.0 Sys tem may include up to 37% of gas. Since a significant fraction of the stars (approximately half, see Sect. 3.2) may hâve been formed during the interaction, the gas fraction in the progenitors of J033245.11-274724.0 may had been much higher, up to 67%.

Such a value w'ould be consistent with significant disk rebuilding as demonstrated by the Robertson et al (2006) simulations.

We thus are left with an Occam's razor-type argument: the overall and detailed properties of J033245.11-274724.0 are well reproduced by a major merger remnant (Table 3), we do expect the existence of such a remnant from interactions between gasrich galaxies, and such an event may be quite common given existing merger statistics, while other explanations require the combination of unknown mechanisms. We thus conclude that J033245.11-274724.0 may be the first conclusive example of a rebuilt disk in the intermediate redshift Universe.

Concluding remarks

J033245.11-274724.0 is a warped disk that is dust enshrouded and forms stars at a very high rate, given its small size.

Examination of the exchanges of angular momentum in Barnes (2002) simulation is instructive (Fig. 4). Before the second im pact. the angular momentum of the two equal mass progenitors are almost perpendicular to that of the newly formed disk, whose plane is determined by the orbital angular momentum. After the second impact, the gas and stars roll up surrounding the newly formed bulge following trajectories that resuit from their initial angular momentum combined with the tidal forces. What will the final product of J033245.11-274724.0 be?

Since most of the star formation has been induced in the disk, one could assume a progressive inside-out disk-building from the residual material accreting onto the disk. As the infalling gas becomes rarer, the star formation and the dust production will decrease and the galaxy will take the appearance of a blue star forming disk. In its further évolution to reach the local Tully-Fisher relation, J033245.11-274724.0 needs to form a larger and more massive disk, which may be followed bv bulge growth by gas accretion from the residual bar. Assuming that the 37% residual gas fraction estimated in Sect. 4.2 will hâve been transformed into stars by z = 0. the galaxy may reach the local Tully Fisher relationship. The observed bar in J033245.11-274724.0is very small (and blue. see Fig. 1 ) and the simulation does predict a residual small bar a few tenths of Gyr later. Our observations show that most of the stellar mass is in the disk: it is probable that the newly formed System would hâve a bulge to total ratio ranging from 0.03 to 0.09 (e.g. Sc or later type), depending on whether the material in the hvo-anned System will be deposited in the disk or in the bulge, respectively. Thus. Finally, the occurrence of these merger remnants in the past may be far more common than today. Observed at relatively shallow depth (compared to UDF), J033245.11-274724.0 appears to be a Tadpole due to its bright blue arm. Tadpoles represents 2-5% of the massive galaxies at z = 0.6-1 (Brinchmann et al 1998;Neichel et al. 2008), and some might be similar to J033245.11-274724.0, possibly seen at different viewing an gles. In the near future, we may be able to evaluate w'hether J033245.11-274724.0 is an isolated case or a more general phenomenon of disk rebuilding.

Introduction

Understanding how and when galaxies formed is a fundamental question in astrophysics. To investigate galaxy évolution, one needs to understand how high-redshift galaxies evolve into the galaxies seen at low redshift. Galaxy formation and évo lution in a cold dark matter (CDM) dominated universe can be described as follows. In the early universe, gas collapsed in dark matter halos, which later cooled to form stars, creating the first galaxies. These dark halos later merged to form larger dark halos and thus more massive galaxies (e.g., Cole et al. 2000;Somerville et al. 2001). In this hierarchical picture, galaxy interactions and mergers are an essential ingrédi Hernquist 1992;[START_REF] Mihos | Dense stellar cores in merger remnants[END_REF]. According to this scénario, disks are fragile: they are destroyed in major merg ers and heated in minor mergers. However, simulations (Barnes 2002;[START_REF] Springel | Formation of a Spiral Galaxy in a Major Merger[END_REF] hâve also shown that gas-rich mergers can make new disks. These results support the spiral re building scénario proposed by Hammer et al. (2005) in which mergers can also be responsible for the formation of disks. This scénario renamed "disk survival" is also proposed by Hopkins et al. (2009).

We would like then to identifv the types of merging épisodes that end up as a disk galaxy. To do so, a joint analysis of morpho logical information with kinematical studies and spectral infor mation is needed. The complementarity of these different types of analysis is essential to properly characterize distant galaxies to avoid any misinterpretations caused by the lack of resolution at higher redshifts. The IMAGES (Intermediate MAss Galaxy Evolution Sequence - Yang et al. 2008) program is an ESO Large Program exploiting data from large ground télescopes and from space for this purpose. IMAGES makes use of 1D and 2D spectroscopical data and direct imaging in the optical and the near-infrared (NIR) to shed more light on the following ques tions: How did galaxies form and assemble their stellar mass?

When was the morphological différentiation between galaxies established? How did the Hubble Sequence form?

In this work, we présent the morphological and kinematical analysis of J033227.07-274404.7, a System at z ~0.74 displaying an unusually elongated, arc-like morphology with a velocity field that does not seem to match its observed morphology.

Section 2 présents the overall properties of the object and the available data. In Sect. 3, the analysis of the data is presented, while in Sect. 4, we présent the possible configuration of the System, as well as a numerical model of a probable encounter.

Finally, in Sect. 5 we discuss the results and présent the conclu sions of this work. velocity dispersion. <r. map of the object derived also from GIRAFFE observations. Bottom row. left panel, projected distribution of gas of the simulated encounter using the ZENO code (Bames 2002). Snapshot shows the encounter just after the second peripassage (12 Myr after) and 1.93 Gvr after the first peripassage. The FLAMES IFU grid is superimposed to simulate the GIRAFFE observations. Bottom row, middle panel.

line-of-sight velocity field derived from the ZENO simulation considering an IFU similar to that of GIRAFFE. Bottom row, riglrt panel, a map of the same simulation.

In this paper we adopt the following cosmological parameters: Ho = 70 km s'1 Mpc"1, = 0.3. and DA = 0.7.

Magnitudes are in the AB-system.

2. Data J033227.07-274404.7 is an object in the Chandra Deep Field South (CDFS). High spatial resolution images of the System were taken from the HST archive. The images were obtained with the Advanced Caméra for Surveys (ACS) in its Wide Field Channel (WFC) mode on the HST as part of the GOODS projects (Giavalisco et al. 2004). Images were taken in the fol lowing filters: F435W, F606W. F175W, and F850LP (Beckwith et al. 2006). These filters are close to the B. V, i. and z passbands. these détections might be contaminated by neighboring galaxies -especially the galaxy at z ~0.63. The object was not detected in CHANDRA observations down to 5.5 x 1017 ergs cm-2 s-1 in the 0.5-2 keV band and 4.5 x 1016 ergs cm-2 s"1 in the 2-10 keV band (Giacconi et al. 2002;Rosati et al. 2002).

For each image, photometry of the System was extracted within a constant aperture of 3 arcsec in diameter. Because of the large uncertainty associated with the zeropoint calibration of the //-band. we used the revised calibration proposed by Wuyts et al. (2008). Table 1 shows the photometry' values and associ ated uncertainties for J033227.07-274404.7. Uncertainties in the extracted magnitudes correspond to the magnitude error given by SExtractor [START_REF] Bertin | [END_REF], and the systematic error associated with the uncertainty in the zeropoint (ZP) calibration.

Because of the weakness of the émission for À > 35.0 pim and the contamination by the galaxy at higher redshift, no photome try was extracted at these wavelengths. 

Kinematics

Top middle panel of Fig. 1 shows the line-of-sight velocity field (VF) of the object. Only pixels with a signal-to-noise (S/N) value higher than 3 were taken into account when deriving the VF.

The VF encompasses 2.33 arcsec (~16.7 kpc). Top left panel of Fig. 1 shows the superimposition of the IFU on the composite image of the System. The pixels corresponding to the elongated structure show a very uniform VF. For these pixels, the global velocity gradient is shallower than 14 km s"1. On the other hand, the upper northemmost pixel has a velocity that differs by more than 130 km s-1 from that of the other pixels. The position of this pixel matches the location of the smaller. rounder structure to the north-northwest of the main structure. Top right panel of Fig. 1 shows the velocity dispersion (cr) map of the object.

Values of cr range from 20 km s-1 to almost 50 km s-1. The pixel with the maximum value for the dispersion, cr = 48 km s-1, cor responds to the région between the elongated structure and the smaller structure to the north-northwest. During the observation of this object, the médian seeing was 0.805 arcsec. Considering the large size of each GIRAFFE spaxel (0.52 arcsec). the resulting velocity and dispersion velocity maps are not greatly affected by this value.

Spectral energy distribution

The FORS2 spectrum of the System is shown in Fig. 3. The

[OII]3726, 3729 Â doublet is easily identified, and H/3. Hy and Hd are ail seen m émission. The [OIIIJ4959. 5007 Â lines are also visible. We extracted some properties of the gas phase fol lowing the methodology discribed in Rodrigues et al. (2008).

Since Hy/H/? = 0.4. there is apparently no extinction. No évi dence of AGN contamination was found and the log[OII]/yS = 0.55 and log[OIII]//3 = 0.6 ratios are concordant with the expected values of a HII région according to McCall et al. ( 1985).

However, the [NeIII]3869 A line is ver)' strong and may be a signature of shocks. The metallicity of the gas is subsolar with 12 + log O/H = 8.48 dex. This metallicity is typical of galaxies of mass logM* = 10.00 dex at z ~0.7 accord ing to the stellar mass-gas phase metallicity relation (Rodrigues et al. 2008). To constrain the stellar population content of the galaxy clusters (Hammer & Rigaut 1989;Estrada et al. 2007).

To détermine whether the structure seen is a gravitational arc.

we analyzed the field of view (FoV) of J033227.07-274404.7 to search for any mass distribution at a given redshift that might be deflecting the light from a distant object (such as a cluster of galaxies). We used the GOODS catalog to search around a ra dius of 180 arcsec' with a depth of 25 and found at most two galaxies with a similar redshift (z ± 0.3z). This lack of galaxies with the same redshift can be interpreted as the absence of a particular mass distribution around the object (Soucail et al. 1987b), which excludes the possibility of a gravitational arc.

Once we exclude this possibility. we might suppose that the main, elongated structure is an inclined. distorted disk. If this were the case, the ellipticity of the main component of the Sys tem would equal ~0.76, giving an inclination angle of 76deg.

and implying that the disk is close to edge-on. Considering the extension of this disk (~14 kpc in diameter) and the mass derived front the SED fit, the disk should rotate with a velocity, Vrot ~80 km s-1, at 7 kpc from the center. Assuming the disk has an inclination of 76 deg and considering that the line-of-sight velocity, V)os, is given by V]os = V^, x sin /. where / is the in clination of the System with respect to the plane of the sky, the gradient in the velocity field associated with the main structure of the svstem would be approximately 80 km s~] ~.

However, the velocity field derived from GIRAFFE obser vations (top left panel of Fig. 1) shows a gradient smaller than 15 kms"1 within ail the pixels associated with the main com ponent of the System. A small gradient in the line-of-sight velocities in a disk galaxy is usually associated with an almost face-on System, where the contribution of the rotation velocity to the line-of-sight is small. In this case however, the morphology would seem to indicate that the System is almost edge-on in which case the line-of-sight velocity is similar to the rotation velocity of the System. So, which type of System are we actually observing?

The main due is given by the VF. That there is almost no ve locity gradient in the main component of the System can only be explained if the galaxy is seen face-on, in which case the bright, elongated structure seen in the direct images must be a bar lying on the disk of the main component. In this scénario, the disk w'ould not be visible except for the faint structure seen to the Southwest of the main galaxy. For bright barred galaxies in the Local Universe. the différence between the central magnitudes (in both the B and U bands) and the magnitudes of the outer parts of the disk can amount to 5 mag/arcsec2 [START_REF] Kuchinski | Le Floc'h[END_REF].

The HST is only a 2.5 m telescope and the depth of the obser vation is an important issue for distant galaxies, whose émission is severely affected by cosmological dimming. For example, the optical radius (3.2 tirnes the disk scale length) of a Milky-Waylike galaxy at z = 0.5 requires 3 h of HST-ACS observations to be properly recovered. without accounting for extinction effects.

1 At the distance of the object. this equals 1.3 Mpc.

2 In this calculation, stellar mass of the entire System is being used, probablv inferring a lower limit to Vrm and thus to Vios.

Considering that the observed magnitude of the central parts of the System is 22.86 mag/arcsec2 and that the GOODS détection limit is about 25 mag/arcsec2, this diluted disk w'ould not be detected in the direct HST-ACS images.

The formation of this bright bar could hâve been triggered by the interaction with a companion. This companion galaxy would be lying within the northernmost pixel of the IFU displaying émission. It would be orbiting around the main galaxy.

moving with a velocity of at least 130 km s-1. This velocity is estimated from the différence between the average velocity of the main galaxy (-22 km s-1) and the velocity for the north ernmost pixel (equal to 114 km s-1). This velocity différence Assuming that there are two different interacting components, we estimated the mass ratio between them from their z band magnitudes. To do so. we extracted the photometry in the z band for each object. This was performed using the POLYPHOT task in IRAF . Sky signal was computed as the average of the sky in four régions around the object. Considering the same massto-light ratio for both components, we find a mass ratio of 5 be tween the main component and the companion4. developed by Springel (2005). Both codes include standard N-body techniques for the collisionless components and smooth particle hvdrodynamics (SPH) for the gaseous component.

In the ZENO simulations, the galaxy models are similar to those of [START_REF] Barnes | Galaxies: Interactions and Induced Star Formation[END_REF]Barnes ( , 2002)): a bulge with a shallow cusp (Hemquist 1990), an exponential disk of constant scale height (Freeman 1970;Spitzer 1942) and a dark matter halo with a constant density core (Dehnen 1993;Tremaine et al. 1994). The gas has the same properties as in Barnes (2002) and the SPH computation follows the isothermal équation of State. For the GADGET2 simulations, the galaxies are constructed using a spherical dark matter halo (with a Hemquist profile. Hemquist 1990), w'hich contains a disk, consisting of stars and gas, and a bulge. Galaxies are created following Springel et al. (2005).

Further details of the simulations using GADGET2 are given in Peirani et al. (2009). For the orbital parameters, several con figurations were explored with both numerical codes: copla nar-hdirect, coplanar+retrograde. direct+slightly inclined orbits.

and retrograde+slightly inclined orbit. Ail configurations followed parabolic orbits. Mass ratios of 3:1, 4:1, and 5:1 were tested.

The inclined and direct 3:1 mass ratio encounteras presented by Barnes (2002) seems to reproduce both the observed morphology and kinematics. For this particular simulation, the baryonic matter equals 20% of the dark matter. The gas is initially distributed identically to the disk component.

The total mass of the System (main galaxy and companion) was set to be 1.6666 mass units. In the ZENO code, G = 1. The length unit was set to be 95. in the observations is formed. In both of these cases, the velocity field trend is reproduced but the velocity dispersion peak is off set spatially relative to the observations. For this reason. the 3:1 encounter was chosen.

Discussion and conclusions

The simulated velocity field (bottom middle panel of Fig. 1)

follows the same trend as the observed one (top middle panel f http://www.i fa.hawaii.edu/~barnes/software.html of the same figure), although the différence between the northernmost pixel and the average value of w'hat seems to be the main galaxy, i.e., the other five pixels, is higher. For the obser vations, the différence is 130 kms~!, while for the simulation the différence is 169 km s~]. However, for the lower five pixels of the IFU, the velocity gradient of the simulation is also shal low. For the observations, the velocity gradient for these pixels equals 14 km s'1, while for the simulations this gradient equals 23 km s"1. For the velocity dispersion map. the distribution of the velocity dispersion in the simulated map (right bottom panel of Fig. 1) is similar to the observed one (top right panel of the same figure). The largest velocity dispersion value for the sim ulation is 96 km s"1, w'hile for the observations, this velocity dispersion peak has a value of 48 km s-1. The average veloc ity dispersion value of the simulation (39 kms-1) is close to that of the observations (31 km s-1 ). Globally. the trends in both radial velocity and dispersion are followed. The observed mor phology is also reproduced if cosmological dimming is taken into account. After scaling the particle density of the simula tion to the observed magnitude of the central parts of the svstem (22.86 mag/arcsec2), a différence of 4 mag/arcsec2 is clearly év ident between the core of the System and the fainter structures of the underlying disk. Since the GOODS détection limit is about 25 mag/arcsec2, the outer parts of the disk should not be detected in the direct images.

If w'e now follow the évolution of the simulation, a bar begins to form about 200 Myr after the first peripassage. This bar starts to fade before the second peripassage, but is enhanced once again when this second peripassage occurs. During the en counter. the disk is disrupted though not destroyed. To search for signs of a disrupted disk in our observations, we analyzed the raw FORS2 spectrum associated with the System searching for any particular features that could be related to the small feature seen Southwest of the main galaxy. This small "blob" is hardly recognizable in the HST image in the top panel of Fig. 1, but can be seen in the color image in the bottom panel of tire same figure. In the FORS2 spectra at the position of the main galaxy, a very slight asymmetry in the detected flux is seen. More flux seems to be detected on the side of the galaxy doser to the small "blob". This may indicate that the "blob" has the same velocity as the main galaxy and thus belongs to its disk. Unfortunately.

the resolution and S/N of the raw spectra do not allow us to draw a conclusive argument on this issue.

That the mass ratio from the measured light is lower than 3:1 can be explained by tidal stripping of the smaller galaxy during the direct encounter. The slight discontinuities seen in the brightness of the HST composite image may be caused by dust lanes.

We note how these features seem to be transverse to the elongated structure. If this galaxy were edge-on. one would expect the dust lanes to appear along the main axis of the galaxy, that is along one side and the other of the bar. In contrast. these features appear to lie perpendicularly to this axis and may be related to arms or rings in the plane of the galaxy.

The simulation was allowed to evolve ail the way to the postmerger stage. the merger. Figure 6 shows the VF and the velocity dispersion map computed for this snapshot. Resolution has been enhanced

with respect to that of the GIRAFFE observations to be able to distinguish any particular velocity patterns. The VF derived for the merger remnant of the simulation shows a gradient similar to that of a slightly inclined rotating disk with an amplitude of ~160 km s-1 from one end of the galaxy to the other. The ve locity dispersion peak coincides with the center of this disk as expected for a rotating disk.

Thus the product of this 3:1 merger appears to be a disk galaxy. For this simulation, we note that die fraction of gas considered at the beginning of the simulation equals 12% of the mass of the disk, which is the gas fraction also used by Barnes in his simulations of the mergers of gas-rich disk galaxies (Barnes 2002). For the observed System, the gas fraction of the progenitor is much higher. This fraction can be computed following the method by Hammer et al. (2009a) which takes into account the SED fit, the SFR of the System, and the merger dynamical time (see Hammer et al. 2009a,b;and Puech et al. (2009) for further details). Following this computation, the initial fraction of gas in the progenitor amounts to 60% of the disk mass. Hopkins et al.

(2009) demonstrated that if the gas fraction of the progenitor galaxy is 60-80% of the disk mass, the disk will be rebuilt after an encounter, even if the mass ratio is 1:1. So in the case of this System, for which the gas fraction is high and the mass ratio is 3:1. a disk is the expected outcome of the merging process. This can be seen from die simulations even if die gas fraction considered for the simulated progenitor is considerably lower. In this case, the mass ratio and the configuration of the encounter are such that a disk is formed even if the gas fraction is relatively low. as the simulations hâve shown.

We hâve presented results from multiwavelength observa tions of J033227.07-274404. 

Introduction

The stellar-mass Tully-Fisher Relation (smTFR) has received increased attention over the past decade. both at low (e.g., Bell & de Jong 2001;Pizagno et al. 2007;Meyer et al. 2008) and high redshift (Conselice et al. 2005;Flores et al. 2006;Atkinson et al 2007;Kassin et al. 2007;Puech et al 2008;[START_REF] Mannucci | LSD: Lyman-break galaxies Stellar populations and Dynamics -I. Mass, metallicity and gas at z = 3.1[END_REF]).

However, the smTFR does not allow us to homogeneously characterize ail galaxy morphologies together. McGaugh (2000) showed that dwarf galaxies, which hâve a larger gas content that more massive galaxies, fall downward the smTFR. Considering the baryonic (i.e., stellar plus gas) content of galaxies, he showed that ail galaxies, including dwarves, define a common TFR (see also Begum et al. 2008), which by then was dubbed the bary onic TFR (bTFR). Because the bTFR appears to hold over five décades in mass (McGaugh 2000), it can therefore be considered as being somehow more "fundamental" than the smTFR. law [START_REF] Kennicutt | A comparison of the physical conditions in nuclear, hotspot, and disk H II régions[END_REF], which relates the gas surface and star for mation rate (SFR) densities (e.g.. Erb et al. 2006;[START_REF] Mannucci | LSD: Lyman-break galaxies Stellar populations and Dynamics -I. Mass, metallicity and gas at z = 3.1[END_REF]. Another difficulty in establishing a reliable bTFR (or even a smTFR) at high z is that it is not always very clear whether ail distant samples are truly représentative of the luminosity or mass function of galaxies at those epochs. At intermediate redshifts (i.e., z < 1), Flores et al. (2006) and Yang et al (2008) assembled a représentative sample of 63 z ~0.6 emissionline galaxies observed by 3D spectroscopy for a project called IMAGES. The kinematics of the entire galaxy surface is probed by 3D spectroscopy, which allows us to classify them as a func tion of their relaxation State. Rotating Disks (RDs) are galax ies that exhibit regular rotation well-aligned along the morphological axis. Perturbed rotators (PRs) hâve large-scale rotation with a local perturbation in the velocity dispersion map that cannot be accounted for by rotation, while galaxies with complex kinematics (CKs) do not exhibit large-scale rotation, or hâve a strong misalignment between the dynamical and morphological axes (Yang et al 2008). Using this new kinematical classifica tion, Flores et al (2006) showed that the larger dispersion of the distant TFR was due entirely to galaxies with non-relaxed kinematics. probably associated with mergers. as later confirmed by Puech et al (2008, hereafter P08) as well as Kassin et al ( 2007) and Covington et al (2010). Restricting the smTFR to rotating disks (RDs), for which the TFR can be confidently established. for the first time P08 detected an évolution in zéropoint of the smTFR by 0.36^*^dex between z ~0.6 and z = 0.

However. z ~0.6 galaxies hâve a larger gas fraction than their local counterparts (i.e.. (/gas) ~307c at z ~0.6-0.8), as derived from the évolution of the gas-metallicity relation (Rodrigues et al 2008). This led P08 to suggest that the bTFR. as opposed to the smTFR. might not be evolving.

In this paper, we take advantage of the représentative IMAGES sample of intermediate-mass galaxies at z ~0.6 to establish the first bTFR at high redshift, using the SK inversion method. The paper is organized as follows: in Sect. 2, we présent the sample and the data used in this paper; in Sect. 3, we extend the previous analysis of the smTFR by P08. obtaining new insight about its shift in zeropoint and its scatter; in Sect. 4. we estimate the gas content of intermediate-redshift galaxies and compare it to the stellar light from young stars; in Sect. 5. we establish the first bTFR at z ~0.6. which is discussed in Sect. 6.

Throughout. we adopt Ho = 70 km s-1 Mpc"1. Dm = 0.3, and Ha = 0.7, and the AB magnitude System.

Data and sample

The sample

We started from the 3D sample of P08. Galaxies were selected using 7-band absolute magnitudes as a proxy for stellar mass, such that Mj < -20.3, which roughly corresponds to A/steiiar > 1.5 x 1010 M0, using a "diet" Salpeter IMF and Bell et al (2003) simplified recipes for deriving stellar mass from Jband luminosity. Additional practical constraints were imposed on their rest-frame [OII] équivalent width (i.e., EW0 > 15 A) and redshift (i.e., z between 0.4 and 0.75), by observing with the multi-integral-field unit spectrograph FLAMES/GIRAFFE at the VLT. This provided a sample of 63 galaxies that represents the 7-band luminosity function of galaxies at these redshifts (Yang et al 2008). In the following, we restrict our study of the bTFR to galaxies within the CDFS (see Sect. 2.4). This sample of 35 galaxies is still représentative of the luminosity function at z ~0.6 (Yang et al. 2008).

NIR photometry was derived from public images of the respective fields where galaxies were selected (i.e., CDFS, CFRS, and HDFS). Stellar masses MSIeiiar were estimated from Msteiiar/Ttf ratios using the method of Bell et al (2003), assuming a "diet" Salpeter IMF. We estimated in P08 that this method.

when applied to z ~0.6 galaxies, provides us with estimâtes of the stellar mass with an associated random uncertainty of 0.3 dex. and a systematic uncertainty of -0.2 dex. We note that this comparison takes into account the influence of possible secondary bursts of star formation (Borch et al 2006). In addition, the influence of TP-AGB stars on the dérivation of stellar masses could overestimate the stellar mass by up to ~0.14 dex (Maraston et al 2006;[START_REF] Pozzetti | The VIMOS VLT Deep Survey. The assembly history of the stellar mass in galaxies: ftom the young to the old universe[END_REF] in a systematic way, but constant with redshift. In Hammer et al (2009b), it is shown that the Bell et al (2003) method, when applied to z ~0.6 galaxies, pro vides us with an upper limit to their stellar mass relative to the measurements determined by other stellar-population-synthesis models and IMF combinations, which is reflected by ail system atic effects tending to lower these estimâtes. Using these stellar masses to study the TFR is therefore a quite conservative choice.

leading to evolutionary trends measured being perhaps lower than in reality. We refer the reader to P08 and its Appendix for a clearer description of our adopted method, as well as Hammer et al (2009b).

We note that the IMF used to dérivé stellar masses (i.e.. the diet Salpeter IMF following Bell et al 2003) diflfers from the IMF used in the next section to dérivé star formation rates (i.e., the regular Salpeter IMF). However, in Hammer et al (2009b).

we argue that stellar masses derived using Bell et al (2003) recipes and a diet Salpeter are roughly équivalent (in a one-toone corrélation and not only in statistical sense) to stellar masses derived using the models of Bruzual & Chariot (2003) and a regular Salpeter IMF. Therefore. in the following. we make no attempt to correct for this différence in IMF, since the current génération of stellar population synthesis models is simply not accurate enough for différence caused by these two IMFs to be significant.

Compared to P08, we modified the classification of two galaxies in the sample. J033245.11-274724.0 was studied in de tail by Hammer et al (2009a), who found in HST/ACS images from the UDF a dust-enshrouded disk that had not previously been seen in GOODS images because of their shallower depth (see a comparison between GOODS and UDF images in their Fig. 1 ). Accounting for this disk, the dynamical axis was found to be strongly misaligned with the morphological axis. Hammer et al. (2009a) argued that the morpho-kinematic properties of J033245.11-274724.0can only be reproduced by a major merger event. Similarly, Puech et al (2009) carried out a detailed study of J033241.88-274853.9. whose morpho-kinematic properties also appeared to be far more closely reproduced by a major merger model than that of a simple rotating disk. Therefore, we shifted the classification of both objects from RD to CK.

Star formation rates

We estimated the total SFR,ot of each galaxy, following Puech et al (2007b). Briefly, SFR,ot was taken to be the sum of SFRUV, derived from the 2800 A luminosity L28oo< and SFRir. which was derived from Spitzer/MIPS photometry at 24 pm using the Char\ & Elbaz (2001) calibration between rest-frame 15 pm flux and total IR luminosity Lir. To convert both Ljr and L2800 into SFRs.

we used the calibrations of [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF], which rely on a Salpeter IMF. Uncertainties were estimated by propagating the flux uncertainty measurement using the SFR calibrations. About half of the galaxies in the sample w'ere not detected by MIPS.

In this case, w'e derived an upper limit to SFRir as a function of redshift using Fig. 9 of Le Floc'h et al. (2005). We assumed that SFR,ot is the mean of this limit and SFRUV. The corresponding uncertainty in this case is half the différence betw'een SFRuv and the limit to SFRir, which infers a mean relative uncertainty of 509F for these objects (see Fig. 1 and Table 1 ).

Gas mass estimâtes

To estimate the mass of gas w'ithin each galaxy, we used the SK relation between SFR and gas densities of [START_REF] Kennicutt | A comparison of the physical conditions in nuclear, hotspot, and disk H II régions[END_REF].

which is given by Isfr = 2.5 x 10~4Xia4 M0/yr/kpc2. Bouché 2007) performed direct HI measurements of distant galaxies, and found that there is no évolution in the relation between HI mass and SFR. Therefore. we conclude that it is more appropriate to rely on the local SK law rather than the one at high-z to dérivé gas masses in a sample of z ~0.6 galaxies.

To do this, we first derived the SFR density Isfr = SFRmai/nRias* which was then converted into a gas density Igas using tîie SK law. Gas masses were derived as Mgas = Sgas x 7rRlas. The same radius /?gas, which is defined in the next section, is assumed when normalizing both densities, following [START_REF] Kennicutt | A comparison of the physical conditions in nuclear, hotspot, and disk H II régions[END_REF]. Uncertainties in Mgas were derived using standard methods of error propagation (see Table 1 and Fig. 2).

It is noteworthy that gas masses derived this way are independent of the IMF. since the SK law and SFRs are derived using the same Salpeter IMF1. Gas masses and gas fractions in z ~0.6 galaxies are discussed further by Hammer et al (2009b). Of particular interest here, is that the gas masses derived by inverting the SK law lead to a médian gas fraction of 31% in z ~0.6 galaxies. We note that gas fractions, in contrast to gas masses, are not IMF independent. Strikinglv, the same value is found us The médian gas fraction is found to be 31%, or A/ga.v/Msteilar = 0.45.

which is represented as a thin black line.

[OU] gas radius estimâtes

To convert from density to mass, one needs to define and measure a gas radius AEgas. To do this, we first constructed restframe UV images by summing observed B and V bands. Given that not ail galaxies in the sample hâve homogeneous imaging (see Neichel et al. 2008), we decided to restrict the study of the bTFR to galaxies with the highest quality images. Therefore, we restricted the study of the bTFR to the subsample of 35 galaxies lving in the CDFS with HST/ACS images, which is still repré sentative of the luminosity function at z ~0.6 (Yang et al. 2008).

This allowed us to limit uncertainties in the dérivation of gaseous radii and therefore, gas masses.

From rest-frame UV images, we derived for each galaxy an axis ratio b/a and a PA using SExtractor (Bertin & Arnouts 1996). For each galaxy, these two parameters were used to generate a set of images with fiat ellipses of increasing radii using the IDL procedure DIST_ELLIPSE. To account for the relatively coarse spatial sampling of the GIRAFFE IFU (0.52 arcsec/pix, which roughly corresponds to 3.5 kpc at z ~0.6), these high- [OU] maps that maximizes the number of pixels illuminated in both the observed and simulated [OU] maps. This subset of sim ulated maps corresponds to a range of ellipse radii that are deconvolved from the GIRAFFE coarse spatial sampling. We assumed that the mean value of this range is a measure of the total

[OII] radius /?[oiij-whose error-bars are equal to half this range.

Finally, /?[oii] were quadratically deconvolved from a 0.8 arcsec mean seeing disk. The maximal value of the ratio of the errorbars to the corresponding radii is found to be 51 %, while their distribution shows an average of 177c and a 1-cr spread of 12%.

The derived radii and errorbars in kpc are shown in Fig. 4 and listed in Table 1.

3. Evidence that major mergers are responsibie for the large scatter in the distant TFR to decrease the estimâtes of the stellar mass in z ~0.6 galaxies.

since we "maximized" them by adopting the Bell ei al (2003) method. The onlv systematic effects that could reduce the shift in zeropoint are relatively insignificant (i.e., -0.06 dex), and are associated with the dérivation of rotation velocities (see P08). In P08, we found that the shift of the smTFR with redshift cannot be interpreted as a pure évolution along the velocity axis, and that only half. at most, could be accounted for by a velocity shift caused by gas accretion within the optical radius. We then concluded that most of the shift in the smTFR reflects an increase in stellar mass in rotating disks over the past 6 Gyr.

Koen & Lombard (2009) performed a permutation test to demonstrate that the distant AT-band TFR found by P08 was off set significantly from the local relation. We repeated their anal ysis for the smTFR and found a probability «;1% that the two relations hâve identical slope and zeropoint. To test the reliability of this resuit in terms of systematic uncertainties. we shifted the distant smTFR in steps of 0.01 dex in stellar mass toward the lo cal relation and repeated the permutation test. We found that for this probability to exceed 10% we would need to bias the stellar mass in the distant sample by +0.28 dex. which exceeds system atic uncertainties (see above). This means that, within the sys tematic effects on the zeropoint shift identified by P08, the two relations differ significantly, which secures the results of P08.

3.2. Origin of the scatter in the z ~0.6 smTFR

In Flores et al. (2006), we showed that the dispersion in the Z ~0.6 smTFR was caused by non-relaxed galaxies. This re suit was confirmed by P08, who showed tirât the dispersion in the distant smTFR. once restricted to RDs (i.e., 0.12 dex). was similar to that in the local relation, with 0.15 dex. The galaxies contributing to the scatter in the distant smTFR exhibit strong perturbations in their kinematic maps (e.g.. Yang et al 2008).

which led us to clainr that most of them were probably associ ated with major mergers (see P08). This interprétation is also supported by the large scatter seen in the spécifie angular momentum versus rotation velocity plane, which could be produced by these events, as demonstrated by Puech et al (2007a).

Interestingly, Weiner et al. (2006) defined a new kinematic tracer 5 = V0-5 x Vm + cr1 that combines rotation velocity and velocity dispersion. They found that velocity dispersion is an important conrponent of the dynamical support in intermediateredshift galaxies, especially for morphologically compact or disturbed Systems. Their study confirmed the earlier finding of Puech et al. (2006) that the majority of compact galaxies hâve motions in which dispersion plays an important rôle (see also Puech et al. 2007a). Kassin et al. (2007) later showed that using S in the smTFR leads to a significant réduction in its scat ter. In addition, Covington et al (2010) showed, using hydrodynamical simulations of major mergers, that this réduction in scatter is consistent with a (partial) transfer of energy between the kinetic energy associated with bulk motions to that associ ated with random motions. This transfer is driven by shocks and collisions generated during the merger events (e.g., Montero-Ibero et al 2006).

That the "merger-hypothesis" is the underlying cause of the large scatter measured in the distant TFR can be tested by searching for spécifie objects and verifying whether this transfer of en ergy between bulk and random motions driven by interactiondriven shocks really occurs. Peirani et al (2009) studied one CK galaxy of the sample (J033239.72-275154.7) in detail and they demonstrated that both its morphology and kinematics were reproduced well by a 1:3 major merger where the companion galaxy had been in a rétrogradé parabolic orbit and there had been an inclination angle of 15 degrees between the two orbital planes. This object is a perfect test-bed for the présent discus sion. since it is measured to hâve log VflaI = 1.48 km s-1 and

Ms,eiiar = 10.31 M0. i.e., to be among the CK galaxies in the dis tant smTFR that are the most déficient in rotation velocity (see left panel of Fig. 3). Peirani et al. (2009) showed that, because of the rétrogradé nature of interaction, the host galaxy can lose an gular momentum to its companion. resulting in the décélération of the main progenitor. This explains why the resulting merger remnant appears to hâve systematically smaller velocities in the smTFR than other objects. Shocks in the gaseous phase gener ated during the interaction produce an increase in the velocity dispersion, similar to that suggested by Covington et al (2010) by their merger simulations (see their Fig. 1 ). If the scatter in the smTFR is really caused by a transfer of energy between bulk and random motions driven by merger events. then this object should fall back onto the TFR. once its velocity dispersion is taken into account.

To test this, we derived S in the IMAGES sample using Vj-ot = Fflat and cr = crdisi^as defined by Puech et al (2007a).

We show the resulting S -TFR in Fig. 3 (see right panel). Using 5 results in the shifting of ail RDs back onto the local smTFR.

so wre propose to use the local slope in ail future investiga tions. We also note that several CK galaxies lie at relatively high 5 compared to the bulk of the sample. These galaxies were found to hâve large rotation velocity in the conventional smTFR.

However, these galaxies do not seem to be présent in the Kassin et al. ( 2007) smTFR. although Covington et al (2010) managed to produce some of these galaxies in their merger simulations (see their Fig. 3). These différences seem to be related to dif ferent sélection criteria involving inclination. We did not apply any sélection of this type (see P08), while Kassin et al (2007) removed galaxies with low inclinations (i.e., inc < 30 deg) be cause of the larger associated uncertainty, and those with high inclinations (i.e., inc > 70 deg), because of the effect of dust (see also Covington et al 2010).

The total scatter in the resulting S -TFR is significantly lower than in the smTFR. since it decreases from 0.63 to 0.34 dex. This residual scatter is still a factor of two larger than the residual dis persion in the local relation, which is <rres = 0.15 dex (in mass).

Looking at the dispersion in more detail, the scatter remains roughly constant in RDs and PRs (from 0.12 to 0.14 dex and 0.32 to 0.29 dex. respectively), but strongly decreases from 0.83 to 0.41 dex among CKs. That kinematically disturbed galaxies show a smaller but still large scatter compared to the local re lation suggests that part of the remaining discrepancy is related to the greater uncertainty in rotation velocity of CKs (see P08).

The médian uncertainty in the rotation velocity of the sample is found to be 0.12 dex. which translates into ~0.3 dex in stellar mass, i.e., the same order of magnitude as the residual scatter in the distant S -TFR.

As one can see in the right panel of We show the total-light [OU] radius AE[oii] as a function of 1.9 times the UV half-light radius R\j\ in Fig. 4. For a thin exponential disk, 1.9 times the half-light radius is equal to the optical radius of the galaxy (Persic & Salucci 1991), which provides us with a useful comparison point2. Galaxies that hâve a B[on] significantly lower than 1.9 x /?uv are galaxies for which the UV light extents farther than the IFU FoV (3x2 arcsec2). Two ex amples of these galaxies can be seen on the right side of Fig. 4.

For these galaxies, it is clear that assuming /?[oit] to be a measure of the gaseous extern would lead to underestimating the gas mass. Therefore, we defined Bgas = MAX(B[oii], 1.9 x R\j\) to be a conservative measure of the gaseous extern. We note that for galaxies w-ith non-relaxed kinematics, this might still underestimate the gas radius. The uncertainties correspond to the re spective uncertainties in AE[oii] or 1.9 x Buv depending on which radius was the largest for a given galaxy.

Most RDs (see blue dots) fall relatively close to the equalitv line, which instills confidence in the estimate of Bgas in dynamically relaxed Systems. To first order, one can assume that. at least on large spatial scales and for relaxed Systems, the spatial distri bution of UV light emitted bv young OB stars is correlated with the émission from the [OU] ionized gas detected by GIRAFFE.

However. in more disturbed galaxies, there is a clear trend in which the gas is more extended than the UV light. We find a médian [OII]-to-UV radius ratio of 1.3 ± 0.16 ( 1 -<x bootstrapped uncertainty), which is consistent with the mean ratio of -1.2 of émission line to B-band scale-lengths found by Bamford et al.

(2007) in a sample of field galaxies at similar redshifts. Using a Student t-test. the probability that this médian ratio is equal to one (i.e., that the total [OU] and UV radii are statistically équiv alent) is found to be 6%. This trend is even more pronounced for more compact Systems: galaxies with a UV radius lower or equal to the médian in the sample hâve a médian ratio of -1.7, while those having a UV radius larger than the médian value, hâve a ratio ~0.9. We also examined the GOODS/MIPS (DR3) images of the four galaxies with a UV radius smaller that one GIRAFFE pixel. Ail were detected, although only three at a significantly high level for their flux to be measurable. Interestingly.

two of them were resolved by MIPS (see the two insets on the left side of Fig. 4), which confirms that the gas content can be significantly more extended than the UV stellar light. 20 galaxies in the GIRAFFE sample, we were able to retrieve FORS2 integrated spectra (see Rodrigues et al 2008) that allowed us to measure absorption Unes. Among these galaxies, we found systematic shifts in onlv three or possibly four of them (at a -100 km s~] level in J033224. 60-274428.1, J033225.26-274524.0, J033214.97-275005.5, and possibly in J033210.76-274234.6). Hence. we conclude that outflows, regardless of their powering mechanism. cannot explain why gas extends farther out than the UV stellar light.

If ionized gas is not pushed out of the UV disk by outflows.

then the gas must be ionized by a mechanism other than the radiation of OB stars. Interestingly, for one object in the sam ple, Puech et al. (2009) observed a région that is completely devoid of stars, where ionized gas was detected. They concluded that this gas was ionized by shocks induced by a major merger.

These interaction-driven shocks could be an important mean of ionizing gas in z ~0.6 galaxies. Hammer et al (2009b) showed that the morpho-kinematics of most galaxies in the sample can be reproduced by the simulations of major mergers. We note that gas in ail galaxies in the sample hâve lower V/cr ratios than their local counterparts. which might be a dynamical signature of these shocks (Puech et al. 2007a). In particular, most PRs show off-center velocity dispersion peaks (see Yang et al. 2008), which strengthens this interprétation. The black line is the local bTFR of McGaugh (2005). while the bluedashed line is the fit to the distant relation. Ail panels hâve similar limits to ease the comparison between the different relations.

5.2. The baryonic TFR at z ~0.6

We show the first bTFR obtained at high redshift so far. in Fig. 5.

Overall, the bTFR has the same structure as the smTFR. with non-relaxed galaxies associated w'ith the greatest amount of dis persion. Holding the slope constant, we found a distant zéropoint of 2.16 ± 0.07. i.e., a shift of +0.06 dex in baryonic mass between the z = 0 bTFR and z ~0.6 RDs. This shift trans lates into a -0.02 dex shift in rotation velocity. The scatter in the distant bTFR for RDs is found to be roughly similar to that in the local bTFR. with 0.14 dex, which suggests no évolution in slope. In comparison with the distant smTFR. the scatter in RDs is found to be roughly équivalent, with 0.14 dex in the bTFR instead of 0.12 dex in the smTFR (i.e.. bootstrapping reveals that the 1-cr spread of the scatter in RDs in the smTFR is ~0.03 dex).

In contrast, the total scatter is found to be significantly larger, w'ith 0.83 dex in the bTFR instead of 0.63 in the smTFR. We used Monte-Carlo simulations to investigate whether the larger uncertainty associated with the gas mass, compared to the stellar mass, is responsible for the increase in scatter in the bTFR.

To do this, we simulated 1000 smTFRs by moving the galax ies within the errorbars in their baryonic mass. We then refitted the resulting smTFRs, and found that the total scatter (as w'ell as the scatter for RDs) does not increase significantly. Therefore, it appears that the bTFR has a significantly larger scatter than the smTFR. at least for the total galaxy population.

In assessing whether there is an évolution in the intercept of the bTFR, it is important to account for possible systematic effects. w'hich are usually more significant than random effects in the TFR (see P08 and Sect. similar. which suggests that assuming there is no évolution in slope is a reasonable hvpothesis. Therefore, we conclude that we do not detect any significant shift in the bTFR between z ~0.6

and z = 0.

Discussion and conclusions

There is now little doubt that the large scatter found in the z ~0.6

TFR is caused by non-relaxed Systems associated with major mergers (Flores et al. 2006;Kassin et al. 2007;Puech et al. 2008;Covington et al. 2010; see also Kannappan &. Barton 2004).

Mergers provide a natural and cohérent frame for interpreting the morpho-kinematics properties of z ~0.6 galaxies (see Hammer et al. 2009b). In this paper, we hâve reported that ionized gas extends farther out than the ionizing light from OB stars: w'e indeed found a probability of 6% that the médian ratio of the gas to stellar radius is equal to one. This can be seen as a natural conséquence of shocks produced during these events. It is even difficult to figure out how gas lying significantly farther out than any radiation source could be ionized by any other process, given that a very negligible fraction of objects in the sample are found to contain evidence of gas outflows, which might spread ionized gas out to the UV radius.

Returning to the TFR, we confirm that, once restricted to rotating disks, the z ~0.6 smTFR appears to be shifted toward fainter masses by 0.34 dex. This shift is found to be very sig nificant within the random and systematic uncertainties. In con trast. by including the gas fraction of the baryonic mass in the TFR, we found that, within the uncertainties, the z ~0. (2005) sample. This implies that star formation in rotating disks is mostly fed by gas that is already gravitationally bound to galaxies, otherwise we would hâve detected significant évolu tion in the bTFR. This does not mean that there is no extemal gas accretion: given the still relatively large associated uncer tainties. there could be room for external gas accretion. at a level of up to roughly one third of the local baryonic mass. However, there is presently no need for this extemal gas accretion. smTFR as the resuit of gas accretion onto the forming disks in filaments and cooling flows, as suggested by theoretical and numerical models. This gas accretion process could also play a rôle in feeding the outer régions of z ~0.6 galaxies with fresh gas, to within a limit of 30% of the local baryonic mass, as discussed above. However, it would remain unclear what the ionization source of this gas is (see Sect. 4). These models also clearly predict that these cold flows are stronglv suppressed in the mas sive, z ~0.6 haloes that the galaxies studied in this paper in habit (e.g., Dekel et al. 2009). In a companion paper (Hammer et al. 2009b), we explore another possibility that a large fraction of local spirals could hâve rebuilt their disk following a major merger at z < 1. This scénario, dubbed as "spiral rebuilding disk scénario", was proposed by Hammer et al. (2005), owing to the remarkable coincidence of the évolution of the merger rate, morphology. and fraction of actively star-forming galaxies. In this scénario, major mergers expel gas in. e.g., tidal tails, which is later re-accreted to rebuild a new disk (Barnes 2002;Robertson et al. 2006;Hopkins et al 2009). It is tempting to associate a significant part of the gas réservoir with this process, which can therefore provide us with an evolutionary framework in which to intepret the non-evolution of the bTFR with redshift, and the finding that ionized gas extends farther out than the stellar UV light. A dynamical imprint of this accretion might already hâve been detected in terms of the lower V/a found in distant gaseous disks compared to local spirals (Puech et al. 2007a). Therefore, different physical mechanisms could be driving galaxy évolution and the shift in the smTFR, depending on redshift, which would complicate the interprétation of the évolution in the smTFR from very high redshift to z = 0.

Introduction

The tidal torque theory (Peebles 1976;White 1984) assumes that the angular momentum of disk galaxies had been acquired by early interactions. This theory has been supported for a long time: in fact almost ail massive galaxies are regular, including rotational disks and dispersion-supported bulges or their mixes.

and they outline the local Hubble sequence. However. if spiral disks were formed at early epochs -z > 2 -they could hâve encountered severe damages from later major interactions. Galaxy collisions appear to be too frequent to allow many disks to sur vive (Toth & Ostnker 1992), and this might happen even at z < 1 (Hammer et al 2009a).

What was the Hubble sequence 6 Gyr ago? Galaxy mor phologies strongly evolve (vandenBergh 2002(vandenBergh , 2009;;Zheng et al 2004;Conselice et al 2005) towards much more peculiar structures. This combined with the coeval évolution of star for mation rate and stellar mass densities, of O/H gas abundances and pair statistics, prompted us to propose the disk rebuilding scénario (Hammer et al. 2005). This scénario describes most of these évolutions as due to a recent merger origin of most spirals.

To reproduce the observed évolution requires that 50 to 75% of the present-day spirals hâve been formed -i.e. their disks reprocessed by mergers -during the last 8 Gyr (z < 1 ). Within * Table 3 is only available in electronic form at http://www.aanda.org this period, observations show that more than half of the stel lar mass in spirals has been formed and this can happen through gas compression occurring during the different phases of major gas-rich mergers (Hammer et al. 2005). In this theory. the disk angular momentum mostly results from the orbital angular mo mentum of the last major collision (Puech et al. 2007a;Hammer et al 2007;Hopkins et al. 2009a). A more recent epoch for disk How can mergers be related to the regular local galaxies, of which our Milky Way has been so often taken as typical? Deep observations attest to the rather tumultuous history of several nearbv galaxies that is imprinted in their inner halo (e.g. M 31, see Brown et al. 2008;Ibata et al. 2005; see also Davidge 2008 for M 81). The Milky Way appears to be quite exceptional (Hammer et al. 2007), possibly related to its quiescent merger history. Particularly. its halo is the most primordial within galax ies with similar masses (Mouhcme 2006) and it shows an angular momentum two times lower than that of typical spirals. Anomalous galaxies are also responsible (Flores et al. 2006) for the most striking évolution of the Tully-Fisher relation, i.e. it is heavily scattered at z ~0.6-1 (Conselice et al. 2005). Major mergers can reproduce this évolution (Covmgton et al 2009) as well as a similar trend for the y disk -Vflat relationship (Puech et al 2007a). The goal of this paper is to verify whether the observed évolution is mostly related to merger events, i.e. to test if the rebuilding disk scénario is consistent with the observed évolu tion of morphology and kinematics. We thus defined 3 different morpho-kinematical classes following Table 4 of Neichel et al (2008):

-rotating spiral disks are galaxies possessing a rotating velocity field, including a dispersion peak at the dynamical centre (see e.g. Flores et al. 2006), and showing the appearance of a spiral galaxy;

-non-relaxed Systems are galaxies with velocity fields discrepant from a rotational velocity field and whose morphol ogy is peculiar;

-semi-relaxed Systems possess either a rotational velocity field and a peculiar morphology or a velocity field discrepant from rotation and a spiral morphology.

Table 1 summarises the statistics at Zmedian = 0.65 and com pares them to local galaxies from SDSS (Nakamura et al. 2004).

Note that similar statistics combining kinematics and morphol ogy does not exist for both local galaxies and quiescent distant galaxies, and thus the corresponding fraction of non-relaxed Sys tems is still inaccurate. Indeed Delgado-Serrano et al (2009) found that 10% and 25% of local and quiescent distant galax ies show peculiar morphologies. Given this. Table 1 provides only a lower limit of the fraction of distant galaxies that show anomalous properties and that are the progenitors of present-day spirals.

Morphological and kinematics properties corne from the IMAGES survey and the complété picture has been also pro vided by deep photometric and spectroscopic measurements necessary to estimate their SFR (both in UV and IR. see also Puech et al 2009a), their stellar masses and their Chemical and stellar population décomposition. Section 2 describes our pro cedure to test whether or not morpho-kinematical properties of distant starbursts can be reproduced by galaxy interaction pro cesses, including during the remnant phase. In Sect. 3 we show the overall properties of distant starbursts, including their gas richness that is of crucial relevance to infer whether mergers may lead to disk rebuilding. In Sect. 2. Could distant starbursts properties be reproduced by merger or merger remnants?

2.1. Detailed analyses of individual distant galaxies Detailed analyses of four distant galaxies of the IMAGES study hâve been performed by Puech et al (2007a, 2009a), Hammer et al (2009b) and Peiram et al (2008), and four other studies of individual galaxies are in progress (Yang et al 2009;[START_REF] Fuentes-Carrera | Disentangling the morpho-kinematic properties of a face-on merger at z~0.7[END_REF]and Peirani et al., in préparation). By modelling gas mo tions as well as morphologies, these studies hâve shown their ability to reproduce the properties of distant galaxies with a sim ilar accuracy to what is done for nearby galaxies. Puech et al. (2007a) hâve demonstrated that spatially resolved kinematics is sufficiently sensitive to detect the infall of a 1:18 satellite in From Neichel et al (2008) (see their Table 4); for comparison, the last column shows the fractions derived from the SDSS (Nakamura et al. 2004) for galaxies in the same mass range (e.g. Hammer et al. 2005). CFRS (Hammer et al. 1997) found that 60% of cmtdian = 0-65 galaxies hâve spectra are corrupted. We verified that tliis sub-sample is représenta tive of the stellar mass and star formation densities at zmedian = 0.65 (see e.g. Ravikumar et al. 2007). In this sample we find only 6 rotating spiral disks to which we add one giant spiral (J033226. 23-274222.8) that is also rotating, while it likely ex périences a satellite infall causing a small shift in the observed dispersion map (Puech et al. 2007b). Note also that one of the rotating spiral galaxies (see Fig. 1, right) is within a confirmed interaction with an elliptical galaxy. The 26 other galaxies ail show peculiar morphologies and/or anomalous kinematics and are classified as such as non or semi-relaxed Systems.

It is a Herculean task to analyse in detail the considérable amount of data for each of these galaxies, as described for few galaxies in Sect. 2.1. The accurate modelling of both morphology and kinematics takes from two to six months for a wellexperimented user. This is due to the complexity of the mor phologies and kinematics in these non-relaxed galaxies as well as the large parameter space offered by the simulations (mass ra tio, orbit, temporal phase, peri-centre radius and parameters of the encounters. viewing angles). Our goal here is restricted to the following question: Can we assess both îhe morphological and kinematic main properties of the 26 non-(or semi-)relaxed galaxies by merger or merger remnants?

Recentlv, Barnes & Hibbard (2009) defined a modelling tool to identify merger orbital parameters. It allows users to change many parameters including the viewing angle. However at high-z we cannot identify low surface brightness tidal features. We pro pose here to adapt a similar modelling tool for high-z observa tions. also allowing changes of the viewing angle. We then used the models from Barnes (2002) that include 12 configurations with a mass ratio ranging from 1:1 to 3:1. orbits from INClined, DIRect. POLar and RETrograd and pericenter radii from rp = 0.2 to 0.4 (see Barnes 2002, for more details). We hâve recovered the ZENO code source and follow ail the parameters in Barnes (2002), except for a few différences in the values of the pericen ter radius. However. the adopted values in our simulations make them resemble the Barnes simulations. In some cases we had to invert the spin of interacting galaxies to match the observed velocity gradient. The number of particles in each simulation is 95 040, slightly more than in Barnes (2002).

We then developed an interactive System based on Barnes'

command "snapview" which allows us to display/rotate the sim ulation in 3D space. We improved it by generating the projected image (morphology) and velocities from which we can mimic the intégral field unit (IFU) observation. After matching the mor phology. the velocity of each particle is projected in the line-ofsight direction. Then we mimicked the observation of an IFU by calculating the mean velocity and velocity dispersion for those particles that are projected to an IFU pixel. We first tried to re produce the gross morphological features and then we tried to détermine the kinematics by dithering the IFU grid within half IFU pixel, and by rotating the System within ~5-10 degrees.

Figure 2 displays the final resuit after rotation for morphology.

velocity field and dispersion maps which compare the best sim ulation to the observations within the adopted grid of models.

To measure the qualitv of the model. three sets of parameters are considered: the ones from morphology, from velocity field and from dispersion maps. Each set of parameters is graded from 0 (failure) to 2 (good fit). For each of them the following criteria were considered:

-morphological parameters: only large scale morphological structures were considered. including the presence of multi ple nuclei, bars, ring, arms, hélix etc.;

-velocity field parameters: orientation of the main velocity gradient(s), but not their amplitude(s):

-dispersion map parameters: position of the minima and maxima, but not their amplitudes.

The quality of a model is given by the final grade, which is the sum of the grades for each three sets of parameters. Three of us independently classified each selected model (LA, FH and MP). Individual grades were then compared after the completion of the whole classification. An excellent agreement hâve been found between the individual classifications, with only three major disagreements in 26 objects. The final grade is the médian value and has been provided after a discussion between the three classifiers. Table 2 provides the individual grades as well as the resulting final one. We assume in the following that a robust model has been obtained when the final grade is equal to or above 4, while the médian grade of each three sets of pa rameters has to be above or equal to 1. This means that we are Notes: a morpho-kinematical classification (RD: rotating spiral disks.

NR: non relaxed Systems and SR: semi-relaxed Systems, see Sect. 1).

* Quality grade of the model for the three sets of parameters (morphol ogy. velocity field and the cr-map). Each one is graded from 2 (good fit) to 0 (failure). The last grade is the sum of the three previous ones.

r The final classification grade is the médian value of the three grades attributed by each individual classifier and ranges from 6 (excellent agree ment) to 4 (robust fit) and then to 3 and below (not reliable fit).

able to simultaneously reproduce morphology and kinematics in a quite robust way. We then find that 17 starbursts among 26 are robustly reproduced by our simple modelling method (see Table 2 and Fig. 2).

Let us now examine whether or not these robust fits gives support to the merging hypolhesis. The main limitation of this exercise is obviously the discrète number of orbits and of mass ratio between the modelled encounters. Since we allow the model to invert the spin of one or two of the interacting galaxies, the total number of models is 48. Notice that we had to invert the spin for 5 cases among the 17 robustly modeled starbursts. In fact our initial motivation to choose such a methodology, besides the obvious question of time requirements, came from our initial ex périence. For each individual detailed model (see Sect. Besides this, the use of 1:1 and 3:1 mass ratio also might be sufficient to reproduce the gross features of many major mergers.

Our models. including the robust ones. are not unique and this probably applies also to detailed models that hâve been discussed in Sect. 2.1. The important question to address is the pos sible degeneracy of the methodology applied, that would be the case if the number of model parameters is significantly higher than the number of constraints. To test this we consider two robust models, one of an on-going merger with two identified nuclei and one of a merger remnant. J033210.25-274819.5 is a galaxy showing two components with a strong colour différence (see Fig. 2) of 1.5 mag in observed (b -z)ab (see Neichel et al. 2008). To test the merger hypothesis we simply assumed that the two components are the relies of a 3:1 mass ratio merger with a DIRect orbit just before the first passage. This galaxy shows two peculiarities in its kinematics. First, the dynamical axis is sig nificantly offset from the main optical axis and it points towards the secondary blue component. and second, the dispersion peak is offset in the direction of the secondary component. The con straints that need to be reproduced are:

-the location of the secondary component (2 constraints) and the presence of a small bar (1) in the center of the main component:

-the main dynamical axis ( 2) that is shifted towards the sec ondary component as well as the presence of a secondary' dynamical axis ( 1 ) that follows the main optical axis of the main component;

-the location of the dispersion peak (2) as well as the minima (1 to 3) in the dispersion maps.

The parameters required to reproduce these >9 constraints include only the mass ratio, the elapsed time during the merger and the orbit. i.e. a much smaller number of parameters compared to the number of constraints. This small number of pa rameters is due to the fact that many parameters are fixed in cluding the parabolic orbit, gas fraction and pericenter radius (as is the case for the 3:1 merger in Barnes 2002). Other pa rameters such as the total mass, the baryonic fraction and the profile of dark and baryonic matter also hâve been fixed dur ing the simulation, consistent with the fact that we are not reproducing amplitudes of the kinematical properties. The sec ond galaxy is J033232.96-274106.8 which is a compact galaxy.

Figure 2 shows not only the morphology and kinematics but also the residual image after having removed the best-fit luminosity profile, a n = 1 Sersic index with a 6.4 HST/ACS-pixel disk radius. The residual shows a so-called hélix structure that is re produced by the simulation (gas component), which also reproduces the dynamical axis, the structure of the velocity field as well as the dispersion peak and most of the minima. As for the former example, in this (a 3:1 POLar) merger. the number of free parameters is very small (3) and far below the number of constraints (8) to reproduce.

Another degeneracy that might affect the modeling process is the one associated with the uniqueness of the best model itself.

Indeed, even if the number of constrains exceed the number of model parameters as discussed above. there remains the possibility that at a constant number of free parameters, several differ ent models could match the observations with a similar quality.

This model-degeneracy was extensively discussed by Barnes & Hibbard (2009). They pointed out that such a degeneracy can be broken by identifying spécifie features in the phase space (i.e., the 6D space of positions and velocities) after the encounter, because such features (e.g., tidal tails) allow us to trace back the initial configurations of the progenitors. They showed that such a methodology allowed them to robustly constrain the disk orientations, viewing angles, time since pericenter. pericentric séparation, and scale factors, while they did not examine errors in center-of-mass position and velocity. In fact, our approach is very similar: we examined the 6D phase space using projections of different moments of the phase function (morphology, veloc ity field. and velocity dispersion maps) and tried to reproduce spécifie signatures, which are listed above. Hence, we are quite confident that the methodology used in this paper allows us to efficiently constrain the merging phases as well as the disk in clinations provided that the time since pericenter does not corre spond to the latest merging phases where such spécifie features tend to vanish. However, strictly speaking, it is clear that it re mains difficult. and probably even impossible, to claim that these models are truly unique, something which is anyway inhérent to any modeling work. whatever the adopted methodology and/or data quality are.

In the sample of 33 émission line galaxies there are six rotating spiral galaxies, five of them isolated and one in interac tion with an elliptical galaxy (see Fig. 1). Another galaxy is alrnost similar to a rotating disk although it expériences a satellite infall. Among the other 26 galaxies, 17 of them hâve their morphologies and kinematics robustly reproduced by a merger model with a number of parameters that is far below the num ber of constraints provided by the observations. There are nine other galaxies for which our modelling as mergers appears less secure. Ail these galaxies hâve anomalous velocity fields and peculiar morphologies and generally their dynamical axes show significant offset to the main optical axes. These galaxies hâve similar properties to those of the robustly modelled mergers or remnants discussed above. Some of them are obviously in strong interaction (e.g. J033220.48-275143.9) or are very likely merger remnants (e.g. J033214. 97-275005.5 and J033230.57-274518.2) from their extremely distorted morphologies and kinematics.

The larger uncertainty in modelling them could be due to the limitations of the templates used here. We classify them as pos sible mergers or merger remnants in the following.

Distribution of mass ratio, merger temporal phases and orbits

In summary. we find that among 33 distant galaxies. 17 are ro bustly and 9 are possibly reproduced by models of major merg ers. In our simplified model. our goal is to identify which con figuration (phase, orbit. mass ratio, and pericenter, see Table 3) is able to reproduce both morphology and kinematics. There are several possible biases in such an exercise and several of them hâve been discussed above. It is however interesting to exam ine the overall distribution of the configuration parameters that could reproduce the distant starbursts as mergers.

First, we consider the mass ratio between the two interlopers.

For each configuration in w'hich the two interlopers can be iden tified, we hâve used z-band photometry to calculate the mass ra tio (see Table 2). However, many starbursts hâve been identified

with merger remnants for which we dérivé the mass ratio from the modelling. representing the mass of the galaxy observed by IMAGES. The full black histogram corresponds to the 24 galaxies, the nature of which we hâve robustly identified. including the 17 robust mergers. the 5 iso lated rotating disks (arbitrarily set at M2/M1 = 0.01), the spiral galaxy in interaction and the galaxy with a satellite infall. The vertical dotted lines represent the limit of major mergers (mass ratio between 5 and 1/5). Middle: same as above but for galaxies with separated components (see Fig. 2) for which we hâve been able to estimate the mass ratio using the z-band photometry from ACS, which corresponds to the restframe V-band. Botiom: same as above but after applying the correction by Stewart (2009a) to recover the dark matter M2/M1 ratio. We hâve generalised this correction factor to values of M2/M\ (stellar) different to 0.3. disturbed dark matter component can be derived in such a way, especially for the minor interloper that is likely harassed during the event. Stewart (2009a) studied such configurations (see their Fig. 2, right panel for gas-rich z = 1 galaxies), and found that the M2/M1 stellar value ranges from 1/3 to 3/2 times the values for the dark matter. assuming stellar masses in the range of 10!0 to 10n M0, respectively. Figure 3 (bottom) shows the distribution of the dark matter ratio after applying the correction suggested by Stewart (2009a). The main différence between the top and middle/bottom panels of Fig. 3 is the vanishing of the 1:1 peak:

it is not surprising that equal mass mergers are rarer than 2:1 or 3:1 mergers, and indeed one can notice that a large fraction Overall. the distribution of mass ratios seems consistent w ith a modelling of most distant starbursts as major mergers as shown in Sect. 2.2.

Figure 4 shows how the modelled galaxies are distributed during the various temporal phases of the merger. The combi nation of constraints from large-scale kinematics and from detailed morphology generally leaves few doubts about the merger phase. For example, for J033224.60-274428.1 (see Fig. 2), the collision could not be reproduced by a second passage because it w'ould not fit both the morphology and the dispersion peak lo cation in direct or inclined orbits. Furthermore, we believe that most galaxies hâve their phases quite robustly identified. This is even true for several of the nine "possible" mergers. includ ing J033220.48-275143.9 for which the disturbed morphologies of both components shows a phase between the first and the second passage. Similarly. if J033214. 97-275005.5. J033225.26-274524.0, J033228.48-274826.6, J033234.12-273953.5, and J033244.20-274733.5 are really mergers, their highly distorted morphologies or their compactness is difficult to understand if they were not near the fusion stage. For J033238.60-274631.4

(see Fig. 1, right) it is verv plausible that the interaction is be fore a first passage, although it is unclear whether it could be a simple fly-by or a first stage of a merger.

The resuit shows a relatively equal distribution of the merger phases in the IMAGES sample of distant-starburst galaxies. In Fig. 4, we hâve added the 5 rotating spirals with warm gaseous disks from their low values of V/cr (see Puech et al 2007a).

These galaxies could well correspond to the very last phase: a re laxation after their disks hâve been rebuilt. This would also explain why these galaxies form stars efficiently, mostly in their starbursts can be identified as in a major merger phase and are subsequently modelled. This sequence is complementary to that drawn by Hammer et al. (2005) (see their Fig. 6). Notice that dis tant starbursts represent a significant fraction of distant galaxies as they correspond to 60% of the galaxy population at zmedian = 0.65 (Hammer et al 1997).

Conversely to the mass ratio and the merger phase, an accurate détermination of the orbit is much more difficult. possibly due to the adopted methodology. Indeed we may hâve lost some configurations especially for phases during or after fu sion. Another difficulty is a possible degeneracy between differ ent orbits. For example, the galaxy morphology of J033234.12-273953.5 may be well reproduced by a rétrogradé merger (even better than whth the adopted inclined orbit) although we hâve not been able to reproduce the location of the dispersion peak.

Figure 5 shows the distribution of orbits within the sample of 26 mergers or possible mergers plus the rotating spiral in an interaction for which the orbit is not constrained at ail (labelled N/A). Only 12 galaxies hâve their orbits robustly determined, i.e. galaxy morphologies and kinematics cannot be re produced by other orbits. It also show's a lack of direct and rét rogradé orbits. which also could be related to the methodology.

Indeed, we hâve tried to reproduce both kinematics and morphological details such as starbursting bars, rings and helicoidal structures that are generally associated with inclined and polar orbits.

Only detailed modelling may solve the degeneracy in the or bit détermination and help to verify whether the orbital distribu tion is consistent with the hierarchical model of galaxy forma tion. In this section, we hâve simply demonstrated that for the many distant starbursts having complex morphologies and kine matics, most of them can be reproduced by a simple modelling of major mergers. The next step is to estimate whether this is just a coincidence, or if mergers may explain the élaboration of spirals. as suggested in Fig. 4. Robertson et al (2006) and many subséquent studies (Hopkins et al. 2009a;Governato et al. 2009) hâve shown that wûthin the conditions of sufficient gas richnessgenerally assumed to be over 40-50% -major mergers lead to the rebuilding of a significant disk.

3. Gaseous content of distant starbursts 3.1. Gas and stellar masses

The gas content of distant galaxies is still poorly known. The large interferometric sub-mm baseline instrument ALMA w'ill be essential in providing estimâtes of the molecular gas that is re lated closely to star formation (Gao & Solomon 2004). We however may make use of galaxies in the local universe, for which the surface densities of star formation and gas are observed to follow a Schmidt-Kennicutt law. XSfr ~Iga4s, over more than 6 orders of magnitude in SFR [START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF]. This empirical IMF and also violâtes the maximum disk constraints for local spirals (see e.g. Bell et al. 2003). Adoption of other IMFs (for ex ample Kroupa 2002) unavoidably confirms that Msteiiar.B03 overestimates the stellar mass (e.g. Bell et al 2003). Note that the above applies for the whole population of galaxies considered here, and that the estimate of stellar masses for individual galax ies is still challenging.

Figure 6 shows how the gas masses are distributed against the maximal estimâtes of the stellar mass (see also Table 3). Ail distant starbursts but one show gas fractions intermediate be-

tween the local values and 50%, and there is a corrélation between their stellar and gas masses. Such a corrélation may be expected as we hâve selected starburst galaxies on the basis of their [OU] équivalent widths and a proxy of their stellar masses (Wo(OII) > 15 Â and Mj{AB) < -20.3, see IMAGES-I).

Gas fraction in distant starbursts and their progenitors

The médian gas fraction of the sample is 31% ± 1%, which is much larger than the corresponding fraction for the Milky Way minimal gas fractions by applying maximal stellar masses.

An independent confirmation of higher gas fractions in distant galaxies is provided by Rodrigues et al. (2008) who studied the O/H abundances in the gaseous phases of similar distant star bursts. They found that the gas fraction should reach ~30% at z 0.65 if one assumes that the gas fraction in present-day galaxies is ~10%. Given the large uncertainties in our estimâtes of gas fraction, an independent confirmation is certainly reassuring.

Figure 7 shows how the gas fractions are distributed in the different merger phases defined in Sect. 3. There is no spé cifie trend between the two quantities. In the framework of a merger scénario, this is not unexpected because it results from the balance between two effects. Let us consider two sets of Z = 0.6 galaxies, one (hereafter called set A) including galaxies in a later merger stage (after the fusion) and the second (hereafter called set B) with galaxies before the first pass. By construc tion, progenitors of A galaxies lie at higher redshift and should hâve lower luminosities (and masses) than B galaxies, and then should hâve, on average, a significantly higher gas fraction. This is somewhat compensated for by the fact that A galaxies hâve had a supplementary star formation that is induced during the merger, which has transformed a part of the gas into stars, reducing the gas fraction. Given the small statistics (5 to 7 galaxies in each phase), we believe that Fig. 7 is consistent with the merger hypothesis. Indeed the main question is whether the progenitors of the observed galaxies are sufficiently gas-rich to lead to disk rebuilding.

There are two possible means to estimate the gas fraction in merger progenitors. Hammer et al (2009b) hâve modelled the stellar populations from deep spectroscopy of a merger remnant assumed to be in a disk rebuilding phase. They found that ~50% of the observed stellar mass had been formed during the merger by comparing the stellar population âges to the merger dynamical time. TTiis implies that the progenitors of this System were on average more than 50% gas-rich. supporting the evidence that this System is rebuilding its disk after a major merger. Here we use the characteristic doubling time. 7sfr = Msteiiar.B03/SFR, to estimate the stellar mass formed during the event, and thus the gas fraction in their assumed progenitors. Assuming that our maximal stellar masses are a good représentation of the stellar mass for a Salpeter IMF and a Bruzual & Chariot (2003) synthesis model. this quantity is IMF independent. as our SFR es timâtes hâve been done using the Kenmcutt (1998) calibration (Salpeter IMF) for the IR luminosities (Puech et al. 2009b, see details).

Figure 8 gives the distribution of the characteristic stellar mass doubling times for the 34 IMAGES starbursts. It is remarkable that their médian value takes its minimum near the fusion, which is expected in ail model of mergers. We hâve used the models shown in Sect. 3 to estimate the time each galaxy spends in each of the phases (see time values in Table 3). It as sumes a rotating period time of îT0X = 1.2 x 0.25 Gyr for a galaxy with the mass of the Milkv Way (see Barnes 2002). We then scale the merger time with the observed baryonic mass (assum ing A/Mw.barvonic = 5.5 x 1010 M0) and also apply a correction for the merger mass ratio as described in Jiang et al (2008). Besides this. we calculate for each phase the médian 7~sfr that is considered to be its effective star formation time. For a given starburst assumed to be in a given phase, we may calculate the fraction of gas that has been transformed into stars during each previous phases of the merger. Table 3 (Col. 10) gives the time spent by each galaxy in the previous merger phases, that, after combina tion with the médian Tsfr. provides us with an estimate of the gas mass that has been transformed into stars during the merger.

Figure 7 also shows the resulting (médian) distribution of the progenitor gas fractions (see also Table 3). In 75% of the progenitors. the gas fraction is in excess of 40% or of 58% if we adopt a Maraston-Kroupa combination. The high gas fraction in progenitors is robust because:

-it only requires a modest star formation in the merger to reach large values since we already find a high fraction of gas (médian 31%) in the observed starbursts;

-the gas-to-star transformed mass during the merger is inde pendent of the observed mass and thus of the IMF choice, since both 7sfr and the merger time scale with mass. In Sect. 2, we argued that distant starbursts hâve morpholo gies and kinematics consistent with major mergers or üieir remnants. In Sect. 3 we show that they hâve large gas fractions, and that their progenitors would hâve to hâve gas fractions above 40-50% to account for the stellar mass produced during the merger. Therefore most starbursts at zmedian = 0.65 -those with anomalous morphologies and kinematics -are consistent with gas-rich merger phases leading to rebuilt disks.

Our interprétation of the morpho-kinematic évolution (see (Table 1).

More statistics are needed to obtain a more précisé estimate of the amount of gas that has been consumed during the dif ferent merger phases. The médian time spent in each merger phase ranges from 0.5 to 1.4 Gyr (see Fig. 8 and also Accounting for the gas consumed during the merger, the mé dian stellar mass and gas fraction of their progenitors are 7.5 x 109 M© and 50%, respectively. In present-day galaxies within this mass range, the gas fraction averages to ~26% for local galaxies (from Schiminovich 2008), and it could quite comrnon that 7 Gyr ago such galaxies had twice their présent gas content. During the elapsed time to z = 0, they may transform their gas into stars and simply relax to form the present-day thin disks.

During such a phase, models predict that almost ail the gas has reached the disk, which is confirmed by the fact that they lie on the same baryonic Tully Fisher relation as local disks (Puech et al 2009b). This is a simple explanation of why some regular disks are LIRGs (Melbourne 2006).

The spiral disk rebuilding scénario explains the changes observed in the galaxy population, the density évolution of star formation and stellar mass, the dispersion of the evolved Tully Fisher relation (Flores et al 2006;Puech et al 2009b) as well as the strong évolution of the métal abundances of their gas phases (Rodrigues et al 2008). It is also consistent with the observations of galaxy pairs at z ~0.6. The most robust estimate is that 5 ± 1 % of galaxies are in pairs at that epoch (see e.g. Bell et al 2006, for a review): in our sample we identify only 4 galaxies which could hâve been identified as well separated pairs. This corresponds to a pair fraction of 4/33 x 0.6 = 7 ± 3% (see Table 1 in which 0.6

is the fraction of starburst galaxies) in the Zmedian = 0.65 popu lation. Note that among these pairs, three are in phase 2, i.e. between the first and the second passage. Last, major mergers may explain why the ionised gas radius is larger than the optical radii, especially for the starbursts with small optical radius (Puech et al 2009b). Indeed, during a close encounter and nuclei fusion phases, the gas is heavily shocked by the collision and could be ionised this way (Puech et al 2009a). Another alternative is that dust-enshrouded clumps may ionise the gas while they cannot be detected at visible wavelengths; this phenomenon has been identified in a compact dust-enshrouded disk (see Hammer et al 2009b).

Cosmological simulations confirm the importance of the gas in mergers. By accounting for the gas, Stewart et al (2009b) found that almost ail galaxies may hâve experienced a merger interactions (Robaina et al 2009;Jogee et al. 2009). Although these studies are based on a large number of objects, they do not possess the kinematical information that is crucial to evaluate the presence or absence of merging. Indeed, Neichel et al (2008) found that most massive galaxies showing irregularities or compactness hâve also anomalous velocity fields. Mechanisms other than merging then hâve to explain not only morphological irreg ularities but also their non-relaxed kinematics.

We hâve examined the spectra (see e. In this paper we considered the possibility that the formation of the Hubble sequence relies to a large extern on past merger events. We used a sample of objects around z = 0.65 for wfiich w'e hâve both morphology from the HST and high quality kine matics (both velocity field and 2D velocity dispersion maps) and compared them with simulation results varying the viewing an gles to obtain the best fits. Although we cannot of course prove that the origin of these objects is a merger. we can safely say that their observed properties are well compatible w ith them being a merger or their remnants. This resuit was reached using ail available data, i.e. our comparisons included morphology. mean velocities and dispersions. This strengthens our proposai very considerably.

A merger origin of the Hubble sequence is closely linked to the disk rebuilding scénario, which has been successfully argued both front the observational point of view and front simula tions (Barnes 2002;Springel & Hemquist 2005;Hopkins et al 2009a). Our quantitative estimâtes of gas fractions argue that ntore than a third of the galaxy population about 6 Gyr ago was sufficienty gas riclt to rebuild a disk after the merger. Titus our work argues that a nterger origin of the Hubble sequence. although it has not yet been proven, is a plausible alternative or channel for the formation of large disks in grand-design spirals.

Half of the present-day spirals being in merger phases at ^médian = 0.65 naturally implies that most and probably ail were shaped during gas-rich mergers at earlier epochs. These mergers at Zmedian = 0.65 generally begun 1 Gyr earlier, i.e. at z = 0.B35.

We ntay expect that a similar number of mergers had occurred a further 1 Gyr ago (front z = 0.835 to z -1.07): then alniost ail spirals ntay hâve been rebuilt from their last major merger, during the last 8 Gyr. This may applv to M 31 (Hammer et al. 2007), but the Milky Way appears quite exceptional as its properties imply a last nterger only at much earlier epochs (10 to A considérable task is thus awaiting us. We hâve to relate the distant starbursts to local galaxies by modelling in detail ail the distant galaxies for which we possess detailed morphologies and kinematics, i.e. about 100 galaxies. Although large, such a number is barely sufficient to describe the w ide variety of merger configurations. With such a modelling we will be able to dérivé the final properties of each starburst, by modelling their évolu tion 6 Gyr later, and verify whether they are consistent with the present-day distribution of galaxies within the Hubble sequence.

In order to make better comparisons between observations and simulations it would be useful to hâve a larger library of sim ulations covering longer évolution times and larger gas fractions.

A better coverage of the parameter space would also be very use ful, although from our expérience, it will take some time before being able to recover a detailed modelling of each of the observed galaxies. Such a library (e.g. "GALMER", see Di Matteo et al. 2008) may be useful as it could be adapted to the IMAGES observational parameters.

Nevertheless. it was possible to reach a number of conclu sions. It is instructive to note how frequent structures such as bars and rings are. We observe 9 bars and 6 rings in our sample of 34 galaxies, and they hâve colours consistent with young or intermediate-age stars, and as such they could hâve been formed during the merger. Figure 10 shows that such structures are still persistent at late merger phases. The fraction of barred galax ies that we find is compatible with that found by Sheth et al (2008) for the same redshift range. Bars and rings are also observed in local galaxies and may well be triggered by the earlier interactions and merging. For example, it is known that interac tions can trigger bar formation (Noguchi 1987;Gerin et al 1990;Steinmetz & Navarro 1999). Polar encounters also can create rings, pseudo-rings, or spirals, which hâve characteristics similar to the observed ones (see also Berentzen et al. 2003). Spiral pat terns can also be generated by encounters, as has been shown by both simulations and observations (e.g. [START_REF] Toomre | The structure and évolution of normal galaxies[END_REF]Goldreich et al 1978Goldreich et al , 1979;;[START_REF] Donner | [END_REF]Tutukov & Federova 2006, and references therein). Adjustment of the models is clearly a central issue. The helicoidal structure found in many distant star bursts (see examples in Fig. 2) is likely due to the central torque described by Hopkins et al (2009a), and it may regulate the angular momentum transfer. This structure is prédominant in the nuclei fusion phase and seems présent in galaxies in later phases (Hammer et al 2009b). Its efficiency in regulating the bulgeto-disk ratio is likely considérable (see Hopkins et al. 2009a) although larger statistics are mandatory to verify this prédiction and its actual rôle.

F . H a m m e r e t a l . :

T h e H u b b l e s e q u e n c e : j u s t a v e s t i g e o f m e r g e r e v e n i s ? , O n l i n e M a t e r i a l p 1 Table 3. General properties of lhe 33 distant starbursts, of lheir progenitors whethcr lhey can be assumed lo be reproduced by a major merger, as well as merger paramcters adopted aller tlie modelling.

Introduction

The Chemical properties of stars and gas within a galaxy pro vide both a fossil record of its star formation history and infor mation on its présent evolutionary status. Accurate abundance measurements for the ionized gas in galaxies require the dé termination of eiectron température (Te) in the gas, which is usually obtained from the ratio of auroral to nebular line intensities, such as [O IHJ/U4959, 5007/[0 III]/I4363. This is generally known as the "direct Te-method" since Te is directly inferred from observed line ratios. However, it is well known that this procedure is difficult to carry out for metal-rich galax ies since, as the metallicity increases, the eiectron température decreases (as the cooling is via métal lines), and the auroral lines eventually become too faint to measure. Instead, other strong nebular line ratios hâve to be used to estimate the oxy gen abundances of metal-rich galaxies (12 + log(0/H) > 8.5), * Figure 1 and Table 2 are only available in electronic form at http://www,aanda.org such as the P23 (=([0 n]/l3727-i-[0 m]/l/14959,5007)/H(AE) parameter (Pagel et al. 1979;Tremonti et al. 2004, hereafter T04, and the references therein), N2 index (=log([N n]/16583/Hû')), and some other metallicity-sensitive strong-line ratios (Kewley & Dopita 2002;Pettini & Pagel 2004;Stasinska 2006;Liang et al. 2006;Yin et al. 2007a). Pilyugin (2001a,b) there are some disagreements (Stasinska 2005). For example, Kennicutt et al. (2003, hereafter KBG03), Bresolin et al. (2004Bresolin et al. ( . 2005)), Bresolin (2007) and Gamett et al. (2004-a.b) from the integrated light of metal-rich galaxies, which are usually the strongest auroral lines in the measured optical spec tra of the metal-rich galactic gas. To do so, we combine the spectra of several hundred (even several thousand) galaxies in each of the different mass bins (see Sect. 2 for details).

This "stack" method significantly improve the signal-to-noise (S/N) ratio of the spectra, which makes it possible to use The déterminations of the oxygen abundances from Tt are presented in Sect. 5. In Sect. 6. we compare the Te-based (O/H) abundances with those derived from other empirical strongline methods, such as R22l, P and N2, and dérivé a new relationship between (O/H)^and R22l. In Sect. 7, we obtain the log(N/0) abundance ratios of these combined galaxies. The dis cussions are given in Sect. 8. We conclude the paper in Sect. 9.

Throughout this paper, the stellar masses of galaxies M. are in units of solar mass M0. [O n]/U7320,7330 can also be given as one single line [O II]/17325, so both of these two descriptions will appear in the text.

Sample sélection and spectral combination

We aim to measure the électron températures, hence the Te-based (O/H) abundances, for massive galaxies.

[O II]/LI7320,7330 lines are usually the strongest auroral lines in the measured optical spectra of star-forming galaxies (Bresolin et al. 2005), thus we focus on the Tt derived from the line-ratio of [O n]/M7320,7330/[O Il]/13727. To increase the S/N ratio of the spectra, we combine the spectra of several hundred (even several thousand) galaxies selected following the criteria described below, which makes it possible to measure [O n]/M7320,7330 auroral lines for the massive galaxies up to log(M.) = 10.6.

Firstly, we select ~70000 star-forming galaxies with 8.0 < log(M") < 10.6 from SDSS-DR4 by following their stellar masses and metallicities estimated by the MPA/JHU group1 (T04; Kauffmann et al. 2003;Brinchmann et al. 2004; also see Liang et al. 2006. for the criteria for star-forming galaxies). This criterion allows us to select ail the star-forming galaxies with available estimâtes of stellar masses and metallicities (above the required S/N ratios) from the SDSS-DR4, but with stellar masses smaller than 4 x 1010 M0. This mass limit is caused by the difficulty in obtaining measurements of [O n]2/l7320,7330 auroral lines for the most massive galaxies.

Secondly, we divide these galaxies into 27 bins with different stellar masses from log(A/») = 8 to 10.6. The mass bins and the total numbers of the sample galaxies in the bins are given in Cols. 3 and 5 in Table 1. respectively.

Thirdly. in each bin, we select about half of the galaxies with stronger émission lines as working samples, which allows us to obtain [O n]/LÎ7320,7330 lines at a high S/N ratio for the galax ies with stellar masses up to log(M*) = 10.6. Namely, we se lect the half of the galaxies having équivalent width values of [O n]d3727, W(0 II), larger than the mean value of the whole sample of galaxies in each bin for the case of log(M") < 10.0, and larger than 30 Â for the case of log(M") > 10.0. The W(0 n) of the selected galaxies and the mean W(0 n)mean (Col. 4

in Table 1, given as the actual £W([0 II])) in each bin were gathered or calculated from the measurements published by the MPA/JHU group. The numbers of the selected samples in the bins are given in Col. 6 in Table 1. The selected sample for this study finally consists of 23 608 galaxies. In the following (see Sect. 4), we will show that the above criterion créâtes almost no bias in estimating the mass-metallicity relationship.

Fourthly. the hundred (even several thousand) spectra of the sample galaxies in each bin are combined to be one sin gle speetrum, which has high S/N ratio (~60 at continuum) and sufficiently strong [O n]/U7320,7330 lines for measuring. tra are given in Table 1.

These combined spectra may provide a good représentation of the integrated light of the real galaxies in a given stellar mass range. Obviously, they gather more light from more individual H n régions of the galaxies with similar properties, e.g., the similar stellar masses. However, one may wonder whether stacked spectra may keep the information that underlines the real physics of each of the individual galaxies. Indeed the intrinsic property of this is similar to what happens when studying the global prop erties of an individual galaxy: it is a mix, mainly of the H II ré gions of the galaxy. Here we simply sum up a much larger num ber of H II régions in a large number of galaxies, and assume that the resulting properties are near the average properties of each individual galaxy. In Sect. 4 we will verify that this assumption indeed applies for the empirical détermination of O/H (through the so-called R22l method), and the stacking method will be dis- Columns (l)-( 6) refer to the counting number. the label for the mass bin (marked in Fig. 1), the mass bin. the average £W([0 II]/13727) of the sample galaxies in each bin, the total number of the galaxies, and the number of the selected spectra to be combined (about half) in each 

Correction for stellar absorption and extinction

The Balmer émission lines should be corrected carefully by the underlying stellar absorption before measuring their fluxes properly. This correction dominâtes the main uncertainties for the flux measurements of the Balmer lines in this study since the S/N ratios of the combined spectra are quite high.

Stellar absorption correction

The methodology used here is fitting an observed spectrum, including its continuum and absorption lines, with a linear com bination of simple stellar populations (SSP) generated using the population synthesis code of Bruzual & Chariot (2003, BC03),

GALAXEV. The BC03 models incorporate an empirical spectral library with a wavelength coverage (3200-9500 Â) and spectral resolution (~3 Â) that is well matched to that of the SDSS data.

We use 10 templates of SSP of BC03 with different âges (0.005, 0.025, 0.1, 0.2, 0.6, 0.9, 1.4, 2.5, 5, 10 Gyr) at solar metallicity that are obtained by using the stellar évolution tracks of the "Padova 1994 library", and the Chabrier's IMF (Chabrier 2003). (1989, CCM) with Ry -3.1 is adopted. The fit is carried out with the Metropolis scheme, which searches for the minimum X2. We show an example in Fig. 2 for the spectral fittings.

Flux measurements and extinction correction

We use SPLOT in the IRAF3 package to measure the fluxes of the emission-lines from the stellar-absorption subtracted spec tra. Dust extinction (Ay, at V-band), is estimated by using the Balmer-line ratios Ha/H/3, Hy/H/3 and Ho/Hy, and by assuming case B recombination with a density of 100 cm-3, a température of 104 K, and the predicted intrinsic Ha/H/3 ratio of 2.86 and Hy/H/3 ratio of 0.466 (Osterbrock 1989). Since the stellar ab sorptions underlying Balmer emission-lines hâve been corrected

carefully by using the synthesized SSP, the dust extinction Hy/H/3 and Ho/Hy for the sample galaxies. Av(Ha/H/?) is adopted as the actual extinction in this study.

values derived from the three line ratios should be almost identical. Figure 3 shows the excellent consistency of the derived values for the dust extinction.

The uncertainties of the flux measurements are dominated by the underlying stellar absorption correction. Another source cornes from the independent measurements by two of us, YCL and SYY. Figure 3 shows that the error-bars of Av (Hy/H/î) are moderately larger than the other two from Hcr/Hfi and Ho/Hy, simply because the Hy line is weaker titan the other two lines.

Ho is the strongest of these three lines, and is afîected less than the other two by the stellar absorption. In the following, we adopt Av(Ha/Hj3) (given in Table 2) as the actual extinction inside the galaxies.

Consistency checks of the empirical O/H estimâtes using the R23 method

It is necessary to re-derive the relationship between (O/H) abun dances and stellar masses and /?23 parameters for nearby starforming galaxies on the basis of the SDSS-DR4 database by fol lowing the method of T04 since our sample galaxies are selected from DR4. This revises somewhat the calibrations obtained from the DR2 database by T04, but should be more reasonable for this study.

Figures 4a,b show the relationship between 12 + log(0/H) and log(M») and log(AE23) for the DR4 star-forming galaxies (~85 000, the small points). The dashed lines are the calibrations of T04 obtained from DR2. and the solid lines are the re-derived relations from DR4, given as the following formulas: Figure 4c shows our selected galaxies (the small blue points) that we extracted from the whole sample of SDSS-DR4 galaxies following the criteria described in Sect. 2. The large solid circles refer to the median-value points in the 27 mass bins given in Table 1. The solid line is the same as in Fig. 4a and Eq. ( 1).

It shows that these median-value points of the selected samples are very close to the median-value relation of the whole sample (the solid line). Notice however that it slightly biases O/H values towards lower metallicities at the highest mass end. 2). The corresponding stellar mass in each bin is the middle value there (see Table 1). Notice that the data points obtained from the stacked spectra are very similar to the large filled circles in Fig. 4c, i.e., the actual median-value points of the sample galaxies in the same mass bins. Moreover, the stacked spectra provide values quite close to the solid line, which represents the median-value relation of the whole sample. This implies that for the empirical O/H estimate using the AE23 method.

our stacking method provides a good représentation of the mé dian value for the whole sample, and that the stacking method is able to give a reasonable estimate of the behavior of the global mass-metallicity relationship. Several versions of the f2-r3 relationship hâve been proposed DR4 star-forming galaxies with 8.5 < log(M.) < 11.3 (Eq. ( 1)), and 8.3 < 12 + log(0/H) < 9.2 (Eq. ( 2)). respectively. The dashed lines re fer to the calibrations obtained by T04 from DR2 database. c) represents the sample of galaxies selected for this study. The large filled circles re fer to the médian-value points in the mass bins following Table 1, which are very close to the solid line, the same one as in Fig. 4a. (Please see the online color version of the plots for the lines.) (Pilyugin et al. 2006). We use the one given by [START_REF] Garnett | Electron température variations and the measurement of nebular abundances[END_REF], which is valid over the range 2000 K < re([Oni]) < 18 000 K, and has been widely used: 

where xi = 10_4ner21/2, and nt is the électron density in cm-3, in Table 2) by using the five-level statistical equilibrium model in the task temden.nebular in the IRAP/STSDAS package at Tt = 10000 K. Notice that X2 in Eq. ( 4) has a very small impact since it is generally less than 0.1 with ne < 103 cm'3. Figure 6 shows the relationship between the re-based log(0/H) abundances and the stellar masses log(M*) for the combined galaxies (the filled circles). The thick long-dashed line is the linear least-square fit for the data point and is given by t2 -0.7/3 + 0.3.

(3) 12 + log(0/H) = 6.223 + 0.231 x (logM*), (7) We can then obtain the "direct" oxygen abundances from elec-with an rms about 0.12dex, which shows the increasing tron température for these combined galaxies by using the log(0/H) following the stellar masses. given as Eq. ( 8). Other calibrations from the literature are the same as in a).

parameter, which is especially serious for the case of P < 0.55 (Yin et al. 2007b; PT05;P01).

In Fig. 9, we compare the re-based log(0/H) abundances of the 27 combined galaxies with those derived by using the P-method of P01 for the metal-rich branch. The H II régions studied by KBG03 and CDT02 are also plotted. It seems that the P-method will almost resuit in a constant (O/H) abundance of about 12 + log(0/H) ~8.4 for both of our samples and most of the data from the literature, although the log(0/H)p and log(0/H)7e are consistent within 0.3 dex. The reason for our sample galaxies may be that the POl's P-method is not quite reliable to dérivé their oxygen abundances. This is because ail our moderate metal-rich sample galaxies selected from the SDSS hâve P < 0.55 (see Table 2), due to the [O m] line becoming weaker in the metal-rich environments, which is the case for most of the metal-rich SDSS galaxies (see Yin et al. 2007b).

But the calibration formula of P01 (as well PT05) was derived from fitting the sample H n régions that mostly hâve P > 0.55, and only a few of their samples hâve P < 0.55. The samples of CDT02 hâve similar P-values to ours, and show similar trends to those described here. The samples of KBG03 generally hâve higher P values than 0.55. The reason for their discrepancy from the equal-line may be that they are just in the tum-over région of abundances when strong-line calibration cannot give accurate abundances. 7. The log(N/0) abundance ratios

The "direct" électron température in the low-ionization région of the galactic gas and the high quality optical spectra make it possible to estimate the log(N/0) abundances of these combined galaxies properly, which is useful to understand the "primary" and/or "secondary" origin of the nitrogen element.

If the "seed" oxygen and carbon for the production of nitro gen via the CNO processing are those incorporated into a star at its formation and a constant mass fraction is processed, then the amount of nitrogen produced is proportional to the initial heavyelement abundance, and the nitrogen synthesis is said to be "sec ondary". If the oxygen and carbon are produced in the star prior to the CNO cycling (e.g. by hélium buming in a core, followed by CNO cycling of this material mixed into a hydrogen-burning shell), then the amount of nitrogen produced may be fairly independent of the initial heavy-element abundance of the star, and the synthesis is said to be "primary" (Vila-Costas & Edmunds 1993). In general, primary nitrogen production is independent of metallicity, while secondary production is a linear function of it.

We adopt the low-ionization région température t2 for abundances of these combined galaxies by using the formulas of Izotov et al. (2006) for the logtpp) and log(^) abundances, with ^= Figure 11 (Table 2 as well) présents the results. These dwarf galaxies taken from van [START_REF] Van Zee | [END_REF] show the primary source of their nitrogen.

Discussion

Our procedure to dérivé 7Vbased oxygen abundances for the metal-rich galaxies may be affected by some biases that need to be discussed further. The major contributors for such biases are the dust estimâtes, the stacking method, and the uncertainties related to the température détermination.

Dust extinction

Our method is strongly dépendent on the dust extinction, since the détermination of the température dépends on the ratio of red over blue émission lines. However, the S/N of the stacked spec tra is so large that our estimate of Ay is very accurate. On the other hand, one may wonder whether by stacking spectra, we still présent the représentative of the mean properties of individual galaxies.

We confirm the strong corrélation between the dust extinc tion (Ay) and the stellar masses of star-forming galaxies, which, as expected. means the more massive galaxies generally hâve more heavy dust atténuation (see also [START_REF] Salim | [END_REF]). In Fig. 12 the large filled circles represent our stacked galaxies, the small points represent the whole sample of the star-forming galaxies from SDSS DR4 (same as in Fig. 4a), and the large open circles represent the médian values of this whole sample in the corresponding mass bins. In most of the considered stellar mass range, the stacked spectra provide a Ay-Mt relationship almost identical to that of the whole sample, meaning that the stacking method and sélection criteria do not cause significant biases in the estimation of the dust extinction. Notice however that at the highest mass range, stacking spectra provide a slightly higher ex tinction, which may well be due to the sélection method. Indeed, by selecting stronger star forming galaxies than the average, it is not surprising to find slightly higher dust extinction.

8.2. Are stacked spectra providing a good représentation of real galaxies?

The "stacking" method has been used widely in astronomical study, e.g., Zheng et al. (2006) We are however conscious that the stacking method may pro duce undesirable biases since it is unclear how some physical properties may be affected by this method. In Sects. 4 and 8.1, we hâve convincingly shown that the stacking method does not cause significant biases in representing the médian value for the O/H estimated values from the R23 method, and for the extinc tion estimâtes, respectively. Both estimâtes are based on ratios of lines at different wavelengths. It is thus tempting to believe that températures, estimated in a similar way, would not be affected by the stacking method. However, we agréé that this needs a full démonstration, which is beyond the scope of this paper. We also notice that the integrated spectrum of a single galaxy cornes from ail the contributed star-forming régions. By using stacked spectra from different galaxies, we are studying the resulted light coming from a larger set of star-forming régions. In principle our method is not less accurate than the détermination of the O/H through température for a single galaxy, and thus may not alter the calibrations proposed in this paper.

The major interest of the adopted stacked method presented here, is that it allows us for the first time to sample the stel lar mass versus log(0/H) relation using a température dépendent method. up to relatively high stellar mass galaxies. Gamett 1992). They mentioned that the sources of this disagreement remain unresolved. but one of the sources may be the recombination contribution (Liu et al. 2000), others could be the radiative transfer effects and the observational uncertainties.

However, their objects with large scatter mostly hâve 7[Om] between 9000 K and 12 000 K. and there may be a corrélation between 7[On] and 7[Om] in the extremes of the température range, e.g. 7e < 9000 K and 7e > 13 000 K. Most of our sample galaxies hâve just 7[Om] < 8000 K, thus no direct observations are against that our galaxies follow that corrélation of 7[0 n] vs.

7[Om],

Therefore, the température derived from [O n]27325 is ac ceptable, and is the only way to get the "direct" oxygen abun dances for metal-rich galaxies.

Température fluctuations and température gradients

It has been argued for many years that directly measured électron températures and the corresponding abundances from collisionally excited lines may hâve systematic errors due to température fluctuations and température gradients, especially for the metalrich H II régions (Peimbert 1967;Stasinska 1980;Stasinska 2005). However. the auroral lines hâve been used to dérivé the "direct" électron température and the oxygen abundances for the metal-rich H II régions in recent years (KBG03; Gamett et al. 2004a.b;Bresolin et al. 2004Bresolin et al. , 2005;;Bresolin 2007). KBG03 has discussed very clearly the "reliability" of the auroral line method for abundance estimâtes. We simply summarize some arguments and discussions presented by KBG03, [START_REF] Garnett | Electron température variations and the measurement of nebular abundances[END_REF] and Stasinska (2005) regarding this topic.

In the presence of fluctuations in 7e, forbidden line strengths can overestimate the average température, and therefore underestimate the true nebular abundances. However, the question of the existence of température fluctuations is still controversial (Peimbert 1967;Dinerstein et al. 1985;Shaver et al. 1983). The large-scale température gradient mimics the effects of tempér ature fluctuations, and can over-estimates the real température, and consequently the oxygen abundance is systematically underestimated [START_REF] Garnett | Electron température variations and the measurement of nebular abundances[END_REF]Stasinska 2005).

Despite these concems, as KBG03 discussed, there are good reasons to believe that the forbidden lines give abundances that are close to correct, at least for the range of O/H of interest here. Recent measurements of infrared forbidden lines (that hâve weak température dependences) in the spectra of planetary nebulae yield abundances in good agreement with those from optical forbidden lines. even where there is a large discrepancy with recombination line abundances (Liu et al. 2000[START_REF] Liu | [END_REF].

Likewise. measurements of radio recombination line tempéra tures of Galactic H n régions give results that are consistent with forbidden line measurements of the same objects (Shaver et al. 1983;Deharveng et al. 2000). In both cases, the line emissivity is only moderately dépendent on 7e. It would be worthwhile to ex plore the métal recombination lines and infrared fine-structure lines for the détermination of électron température in the extragalactic H n régions of high métal content. However, there are obvious difficulties in exploiting these techniques: recombi nation lines are very weak and hard to detect in extragalactic HII régions (Esteban 2002), and infrared observations require orbiting télescopes (Gamett et al. 2004b).

Conclusion

We hâve derived direct oxygen abundances based on élec tron température for metal-rich galaxies, using an original method of stacking. To do so, we select a large sample of star-forming galaxies ( - Table 2. The derived properties of the combined galaxies.

(1) mass (2) s2 ratio

(3) ( 4) ne (cm-3) o2 ratio (5) 7*e([0 II]) (K) (6) 7*e([O III]) (K) (7) 0H7c ( 8) Av ( 9) (10) log/?23 log O32 [START_REF] Cuby | Isaac: 18 months of paranal science operations[END_REF] OH^( 12)

oh£?, (Schaerer & Vacca 1998). Crowther & Hadfield (2006) investigated the effect of metallicity on the WR/O star ratio.

They found that the WR/O star ratio decreases with metallic ity. However, high WR/O star ratios are found in host galaxies of both GRB 980425 and GRB 020903. which hâve low metallicities (Hammer et al 2006). The WR/O star ratio-metallicity relation for other GRB hosts is still unknown.

The first détection of a counterpart to a GRB at optical and X-rav was achieved on 28 February 1997(van Paradijs et al 1997). Since the discovery of GRB afterglows. GRB host galax ies and their redshifts hâve been identifiable. Between 1997 and 2007. 588 GRBs were detected. Among them. 325 GRBs had X-ray afterglows, 220 GRBs had optical afterglows, and 55 GRBs had radio .

The study of GRB host galaxies is very important to the understanding of the physical properties of GRB régions and the nature of GRB progenitors. Although a large number of host galaxies can be identified, most of them are too faint to be observed even using the largest télescopes in the world. So far. only a few dozens of host galaxies hâve been spectroscopically observed (e.g., GHostS). Moreover. the number of GRB hosts that hâve been intensively studied spectroscopically is even less.

Evidence from photometric and spectroscopic observations shows that the host galaxies of long-duration GRBs are mostly faint. blue, low-mass, star-forming galaxies with low metallicities (Sokolov et al. 2001;Le Floc'h et al 2003;Fynbo et al. 2003;Courty et al 2004;Prochaska et al. 2004;Christensen et al. 2004;Chary et al. 2002;Gorosabel et al. 2005;Fynbo et al. 2006;Wiersema et al. 2007;Kewley et al. 2007;Levesque et al. 2009;Savaglio et al. 2009, hereafter Savaglio09). In contrast, the host galaxies of short-duration GRBs mostly hâve higher luminosities and higher metallicities lhan long-duration GRB hosts (Berger 2008).

We study a sample of 8 long-duration GRB hosts with high quality spectroscopic observations. Firstly, we try to detect the WR features in these GRB hosts then study the physical properties of GRB host galaxies, such as their metallicities and luminosity (stellar mass)-metallicity relations (L -Z. M* -Z).

This paper is organized as follows. The sample sélection and flux measurements are performed in Sect. 2. In Sect. 3, we describe the identification of the WR features in the spectra of GRB hosts.

In Sect. 4. the physical properties of GRB host galaxies are discussed. The discussion and conclusions are presented in Sect. 5.

Throughout the paper, we adopt the ACDM cosmological model We searched archivai data of VLT/FORS2 to obtain the spec tra of GRB host galaxies at z < 1. which ensures that a suffi rent number of émission fines are included in the spectral coverage. These spectra taken with the 600B, 600RI. 600Z grisms 1 For the most complété list of GRBs. see the URL: http: //www. mpe .mpg . de/~jcg/grbgen. html, maintained by J. Greiner.

2 http://archive.eso.org/eso/eso-archive-main html Notes, <fl) Coordinates at the 2000.0 epoch. (b) Galactic extinction [START_REF] Schlegel | Maps of Dust Infrared Emission for Use in Estimation of Reddening and Cosmic Microwave Background Radiation Foregrounds[END_REF].

(R ~1300), and 300 V grism (R ~400) of FORS2 were adopted.

because they represent a good compromise between relatively high spectral resolution, which allows to résolve the WR fea tures, and relatively high sensitivity. which provides spectra of high qualitv.

Data réduction and extraction were performed using a set of IRAF procedures developed by our team, which can simultaneously reconstruct the spectra and the sky counts of the objects.

For some GRBs associated with supernovae, the early-time spec tra were carefully checked to avoid the contamination of super novae, which increases the difficulty in identifying WR features and the error in the émission fine flux. Spectra containing con tamination by supernovae were then removed.

Wavelength calibration was performed using the HeNeAr lamp spectra. Flux calibration was achieved by observing spectrophotometric stars with the same grism and the same slit width.

Galactic extinction was adopted from NED" and Schaerer & Vacca (1998). Ail spectra were transformed into the rest-frame.

The spectra taken with different grism. but the same resolution and the same slit width were merged to widen the wavelength coverages (e.g., GRB 980703; GRB 020903). When merging spectra, the exposure times were applied as weighting. and program) for the objects is given in Table 2.

Flux measurements of émission Unes

To measure accurate émission fine fluxes, the continuum and absorption fines should be subtracted from the spectrum care fully. To do this, the STARLIGHT', a spectral synthesis code, developed by Cid Femandes et al (2005), is used to fit the observed spectrum. STARLIGHT can model the continuum and stellar absorption fines using a linear combination of N, simple 1 IRAF is distributed by the National Optical Astronomical Observatories, and is operated by the Association of Universities for 3.

Dust extinction

The dust extinction can be estimated from the Balmer-line ratios (Hcr/H/?, Hy/H/3. and Ha/Hy). In our dust extinction calculation, we adopted Case B recombination with an électron density of 100 cm"3 and a température of 10000 K. The predicted intrinsic ratio is 2.86 for Io(Ha)/Io(U/3), and 0.466 for /0(Hy)//o(H/?) (Osterbrock 1989). We applied the Galactic extinction law of CCM for Rv = 3.1 where Ry is the ratio of Ay to E(B -V) ( Seaton 1979). The values of dust extinction are listed in Table 4.

The 2 extinction values for each object derived from the ra tios of H.a/H/3 and Hy/H/? are consistent with each other. The E(B -V) derived from Hcr/H/? was adopted in this study when available, because the higher S /N ratios of these two lines can ensure smaller uncertainties in the results. The E(B-V) derived from Hy/H/3 was adopted for GRB 980703 and 020405. because Hcr is not available in their spectra. We then corrected émission line fluxes for dust extinction.

Wolf-Rayet bump identification

The main WR features often seen in optical spectra of galax ies are two characteristic broad émission line clusters. One is in a blue part of the spectrum at around 4600-4680 A (hereafter blue bump. Allen et al. 1976;Kunth & Joubert 1985;Conti 1991;Schaerer & Vacca 1998). The other is in a red ré (Guseva et al. 2000;Izotov et al 1998). The red bump is usually much weaker than the blue bump. C IV 5808 Â is commonly seen in the red bump [START_REF] Kunth | Further galaxies with Wolf-Rayet émission features[END_REF]Dinerstein & Shields 1986).

The number of WR stars can be estimated from the luminosity of the blue and red bumps divided by the luminosity of a single WR star in a certain subtype (see. e.g., Guseva et al 2000). In the following three subsections, we firstly attempt to identify the WR features in our GRB hosts, and then to estimate the subtypes and numbers of WR stars, and finally summarize the results of these GRB host galaxies.

Identifying the WR features

To be able to identify the WR features reliably, we select the high quality spectra of GRB hosts. The criterion for this sélec tion is assumed to be S /N > 10 in the continuum on both sides of the blue bump to ensure that the WR features detected are real and that a final selected sample is as large as possible. For other cases, there are very few chances to identify the WR features, even if they do exist in the spectra. This final selected sample contains 5 objects: GRB 980703, GRB 020405, GRB 020903, GRB 031203, and GRB 060218.

We identify the WR features of these 5 GRB hosts based on the appearance of the blue bump and WR émission lines by fitting them. This fitting method is also used by Brinchmann et al (2008). The fitting is performed using the SPECFIT rou tine in IRAF. We fit the whole blue bump with a single broad Gaussian profile. To fit the WR lines N V 4605. 4620 Â, N III The WR features in galaxies originate mainly in two types of WR stars (WN and WC). In the WN types, the émission lines from hélium and nitrogen ions are often seen in the spectra.

The émission lines from hélium, carbon, and oxygen can be oxygen fines [START_REF] Barlow | Wolf-Rayet Stars: Observations, Physics, and Evolution[END_REF][START_REF] Vacca | Optical spectrophotometry of Wolf-Rayet galaxies[END_REF]).

In our sample, no object exhibits the features of WO stars.

The number of WR stars in a certain subtype can be estimated from the total luminosity of the blue and/or red bumps divided by the luminosity of a single WR star (Guseva et al 2000). To détermine accurately the luminosities of the bumps, Notes. WR émission line fluxes (F, corrected for Galactic extinction) are in units of 10 17 erg s 1 cm Luminosities (L) are in units of 1038 erg s 1.

ia> Fluxes and luminosities of nebular lines were subtracted.

can be estimated from the ratio of the luminosity of WC4 stars in the red bump to that in the blue bump.

^_ ^wc4(44658)

L\vc4 ( 45 808 )

Several values of coefficient k were given bv previous works. We The number of WCL stars can be estimated from the lumi nosity of C III 5696 Â. For a WCL single star, the value of lumi nosity of C III 5696 Â adopted in this work is 8.1 x 1036 erg s-1 (Schaerer & Vacca 1998;Guseva et al. 2000). However. the lu minosity of this weak line in a single star is still not well known.

Tire ratio of relative WR/O star number can be estimated by applying two methods to optical spectra. The method developed by Arnault et al ( 1989) uses the flux in the entire WR blue bump.

while another [START_REF] Vacca | Optical spectrophotometry of Wolf-Rayet galaxies[END_REF] For each GRB host, both the fluxes and luminosities of the WR bumps and other weak WR features are given in Table 5.

Fluxes given here are not corrected for interstellar extinction, while luminosities are absolute ones, which are transformed from these fluxes after being corrected for extinction.

Several sources contribute to the uncertainties in estimating the numbers of WR stars. The luminosity of a single WR star adopted is based on the average of LMC and Milky Way WR stars, which could be higher than our host galaxy sample.

because of the différence in metallicity. The différence in metal licity could also affect the value of k. Besides these two major effects. there are three other sources: the observational uncertainty, the errors in the multi-component profile fit, and the con tamination by nebular lines to the blue bump. Together, they pro duce the measured an uncertainty, assumed to be 30-60%, in the number of WR stars and the WR/O star number ratio.

The results

We présent the WR features and the number of WR stars in each of our GRB hosts in detail as follows, and as also given in Table 5.

GRB 980703 -The S/N in continuum on both sides of the blue bump (hereafter S/N*) is about 12. We do not detect the convincing WR bump in the spectrum. However, two WR lines, C IV 4658 Â and He II 4686 À are identified. which may be emitted by WNL and WCE stars (Schaerer & Vacca 1998;Brinchmann et al. 2008). The red bump is not included within the spectral range of the spectrum. Therefore, we cannot verify the WR star subtypes. 

The physical properties of GRB host galaxies

Metallicity is a fundamental parameter for probing the proper ties of GRB progenitors and the environment of GRB régions.

Strong émission lines in spectra of GRB host galaxies allow us to estimate metallicities. The luminosity (stellar mass)-metallicity (L -Z. Mt -Z) relation of galaxies is a fundamental relation for indicating their evolutionary status and star-formation historiés.

We estimate the metallicities of these GRB hosts, and then study them in terms of the L -Z and A/, -Z relations.

AGN contamination

The traditional Baldwin-Phillips-Terlevich (BPT) diagram (Baldwin et al 1981) can diagnose the origin of the narrow émis sion lines of emission-line galaxies. Figure 3 shows the locations of GRB host galaxies in the BPT diagram. The fO III]/H/3 vs.

[N IIl/Ha diagnostic lines are taken from [START_REF] Kewley | Optical Classification of Southern Warm Infrared Galaxies[END_REF] and Kauffmann et al (2003). GRB host galaxies are star-forming galaxies and AGN contami nation in GRB host galaxies can be ignored.

Metallicity

In terms of oxygen abundance. the metallicities of GRB hosts can be estimated using the Te method and 7?23 methods. The Te method based on électron température is a "direct" way. The "in direct" method is the so-called "strong-line" method, such as the When carrying out the électron density calculation, the [S II] 7(6716)/7(6731 ) doublet is not available or too noisy for some objects in our sample. Therefore, we tested the sensitivities of Kobulnicky et al ( 1999). K99_/ (their Eq. ( 8)) is valid for the lower branch: K99_m (their Eq. ( 9)) is valid for the upper branch.

(e) Extinction coefficient. Av (in magnitude) is derived using the standard Balmer ratio of Hq-and H/?. For GRB 980703 and 020405, Av from the ratio of Hy and is adopted. (/) Adopted metallicity in this work. The 7?:? degeneracv are broken using the [N II]/Hü' and [N II]/[0 II] ratios. (g) The GRB site.{h) The entire host galaxv.

both électron température and oxygen abundance to électron density, finding that neither is very sensitive to électron den sity. This allows us to estimate oxygen abundance for a wide range of électron density (20-200 cm-3) without significant bias (the discrepancy is less than 5%). To calculate Te-based oxygen abundances, we use the methods described by Stasinska (2005), Izotov et al. (2006), Yin et al. (2007), Liang et al. (2006).

The 7?23 method has been extensively discussed in the literature (Pagel et al. 1979;McGaugh 1991;Kobulnicky et al. 1999;Tremonti et al. 2004;Yin et al. 2007;Liang et al 2007). To estimate their /?23-based metallicities, we adopt the formulae of Kobulnicky et al. (1999) 

Luminosity vs. metallicity

We obtain multi-band photometry from literature. which is shown in Table 7. Ail apparent magnitudes are corrected for Galactic foreground extinction [START_REF] Schlegel | Maps of Dust Infrared Emission for Use in Estimation of Reddening and Cosmic Microwave Background Radiation Foregrounds[END_REF] and inter nai extinction. The ^-correction is performed for the magnitudes to z = 0 by using the ^correct v4-l-4 program' (Oke & Sandage 1968;Hogg et al. 2002;Blanto & Roweis 2007). The absolute Band /Gband magnitudes corrected for Galactic extinction are given in Table 8. We plot our long-duration GRB hosts on the L -Z diagram (Fig. 4). which is presented in terms of absolute B magnitude and the /?23-based metallicities. The magnitude and metallicity of the entire GRB 060505 host galaxy are presented in the L-Z diagram. For GRB 980703, the mean value between the lower and upper branch is adopted, when the Rn degeneracv cannot be broken. The L-Z relations of various low and high redshift samples from the literature (SDSS star-forming galaxies from Tremonti et al (2004), UV-selected galaxies from Contmi ei al (2002), large magnitude-limited sample from Lamareille ei al. ( 2004), emission-line-selected galaxies from Melbourne & Salzer (2002), irregular and spiral galaxies from [START_REF] Kobulnicky | Chemical Properties of Star-forming Emission-Line Galaxies at z=0.1-0.5[END_REF], and irregular galaxies from Skillman et al (1989) andRicher &McCall (1995)) are also shown in Fig. 4.

In comparison with the L-Z relation, the GRB hosts show an obvious discrepancy from other samples. GRB hosts hâve lower metallicity values than other galaxies at given luminosities. For luminous GRB hosts. this discrepancy is even larger. This trend is also shown in Levesque et al (2009). Additional aim was to investigate the physical properties of long-duration GRB host galaxies, such as metallicity, luminosity. and stellar mass. Comparing with literature, we used the most consistent measurements and calculation methods for ail 8 objects to ensure systematic cohérence and comparability. We found that the long-duration GRB hosts show obvious disagreement with the L-Z and A/* -Z relations derived for low redshift galaxies in several samples. The luminous and massive longduration GRB hosts hâve lower metallicities than other galaxies in these samples.

The WR/O star ratio in WR galaxies is found to decrease as a function of decreasing metallicity by Crowther & Hadfield (2006). The WR/O star ratio and metallicity in GRB host galax ies do not show a clear trend. However, compared to WR galax ies (Guseva et al 2000), the observed WR/O ratios are higher in the GRB hosts studied here, while metallicities in GRB hosts are obviouslv lower than in the numerous population of low red shift galaxies. This suggests that the hosted régions of GRBs are consistent with the first stage of star formation in a relatively pristine medium. Furthermore, the ratio of WC/WN stars is also found to decrease with metallicity. The relation between the ratio of WC/WN stars and metallicity was derived by Massey (2003).

The hosts of GRB 020903, 060218 deviate from the relation, in having higher WC/WN ratios of ~0.5 and 0.1 than Local Group galaxies (see their Fig. 11. the upper panel). The collapsar model suggests that the WC stars are more likely to be the progenitors of long-duration GRBs than the WN stars. Therefore, the ob served high WC/WN ratio could also be evidence to support this model. although the sample is small.

One of our galaxies, the host of GRB 060505, is well re sol ved in the ground-based observation. However, the type of this burst remains a topic of debate. GRB 060505 has a burst duration of ~4 s, but lacks evidence of an accompanying super nova. It is classified as a long-duration GRBs that hâve no associated supernovae (e.g.. GRB 060614) by [START_REF] Christensen | IFU observations of the GRB 980425/SN 1998bw host galaxy: émission line ratios in GRB régions[END_REF].

However, Levesque & Kewley (2007) suggest that the environ ment of GRB 060505 is more consistent with the host environments of short-duration GRBs. We hâve investigated the metal licity of the GRB site and the entire host galaxy separately.

We hâve found a relatively low metallicity in the GRB région and a higher one in the entire host, w'hich are consistent with Thbne et al (2008). Unfortunately. the S/N of its spectrum is not high enough to detect WR star features. However, a very young (~6 Myr) stellar population in the GRB site is found by Thbne et al (2008) using stellar population modeling. This low âge corresponds to the lifetime of a 32 MQ star. Evidence from the properties of the GRB région suggests that the GRB 060505 originated in a long-duration core-collapse progenitor.

Most of the GRB host galaxies in our sample are too dis tant to allow spatially resolved analysis with ground-based spectroscopic observations. Therefore, the only information that we can dérivé concems about the global properties of galaxies. The properties of the actual explosion sites are still unclear. For further studv of GRB progenitors and properties of GRB host galaxies, more high-resolution images and deep spectroscopy are needed. X-shooter at the VLT will be the idéal instrument to investigate in greater detail the Chemical and stellar popula tion properties of G RB s. Further author information:

Rodrigues M.: E-mail: myriam.rodrigues@obspm.fr, Flores H.: E-mail: hector.flores@obspm.fr 1.2 Sky subtraction in fiber-fed instrument

Multi-fibre spectrographs are often suspected to suffer from a major drawback: the low accuracy of the sky subtraction process. Such a limitation is a critical issue for OPTIMOS-EVE, which aims to observe very faint objects. Contrary to slit spectroscopy that samples sky directly next to the object, the sky subtraction process in fiber spectroscopy is more problematic because the sky contribbution cannot be sampled at the immédiate vicinity of the target. This c.omparison has led to a c.ommonly held view that accurate sky subtraction cannot be achieved with a multi-object fibre spectrograph. Several c.ons hâve been cited in littérature against accurate sky subtraction with fiber-fed instruments, such as: spatial variations of the sky background, spatial variations of the quantum efficiency of the detector, variation of the fiber-to-fiber response (transmission, instrument fiexure), scattered light, cross-talk between fibers [1,2].

To overcome these difficulties, two standard observational procedures hâve been implemented to improve the efficiency of the sky subtraction process with fiber-fed instruments:

• Simultaneous background: Several fibers are dedic.ated to sample the sky contribution in the observed région. The number of sky fibers dépends on the wavelength domain of the observations, the dimension of the field-of-view, and the requirement on the quality of the sky-subtraction [1]. Observations need to be previously corrected from the individual response of the fibers and scattered light.

• Beam-switching: Each fiber is alternatively switched between the object and a reference sky position (nodding). This strategy has the advantage of sampling the sky background with the saine fibers that those used for observing the targets [2]. The sky and the science signais can be subtracted simultaneously.

However, this procedure implies to dedicate half of the observation time for sky sampling and does not account for temporal variations of the sky background [START_REF] Ramsay | Non-thermal émission in the atmosphère above mauna kea[END_REF]4].

However, even with these procedures the subséquent sky subtraction hardly reaches a quality better than 1%, i.e., a quality that can be easily reached with slit spectrographs. Therefore, we hâve designed a new method which take advantage of the spatial information provided by the multi-object mode and of the prior knowledge on the nature of the sky, and in particular its spatial and temporal variations.

Sky variations

Knowing how the sky fluctuâtes in space and time is crucial for the implémentation of an optimal sky subtraction.

In this subsection we briefly describe the main characteristics of the sky variability.

The sky brightness * show significant spatial and temporal variations [5,6]. These are due to the dynamical nature of the atmosphère. Indeed, the atmosphère is a c.omplex System in which the main properties at a given layer -composition, density, température -vary with time and space. The main factor of variation is the évolution of the Chemical composition and density in the mesosphere, involved by harmonie periods of diurnal tides. Superposed to this smooth diurnal variations, the airglow émission is also affected by short-scale variations that are more problematic for spectroscopic. observations. These short-period variations, of the order of few minutes to an hour, is due to perturbations in density and température within the upper atmosphère.

Using FORS2 observations, we found that the sky background varies across the field (5'x5') by 5-10%. The intensity of sky fines also vary spatially from 10% to 20%. These spatial variations are smooth with a spatial scale of 1.0', which is cohérent with the passage of gravity waves. In the near-IR (1-1.8/xm), [START_REF] Ramsay | Non-thermal émission in the atmosphère above mauna kea[END_REF] and [7] hâve

shown that the fluctuations of the OH émission bands can hâve variations of 5-10% and that the sky background fluctuâtes with an amplitude of 15% (see also [8]).

*The skylight is made of a mixture of radiation produced by several sources such as moonlight, zodiacal light, airglow.

thermal émission, unresolved background astrophysical sources, etc. In this work we hâve onlv taken into account the dominant source of sky in dark sites and optimal observational conditions: the émission of the upper atmosphère named airglow. 

A NEW ALGORITHM FOR SKY EXTRACTION

The characterization of the spatial and temporal variations of the sky background allows us to optimize the algorithm of sky subtraction. As sky émission and sky continuum do not vary in phase, one can treat the two components independently. The algorithm is therefore divided into two steps: (1) the détermination of the sky background using a A -A surface reconstruction and ( 2) the extraction of the émission sky Unes using the Davies' method [9]. A flowchart of the whole sky extraction algorithm is presented in Fig. 2 2

.1 The sky continuum: A -A reconstruction

The sky continumm is sampled at different spatial positions distributed over the instrument field of view using dedicated sky fibers. An interpolation method on an irregular grid is used to reconstruct a sky continuum surface over the total field of view, as a function of wavelength in régions free of émission sky lines. The three main steps are described below:

(1) Uncouple the continuum from the émission lines Ail sky spectra are stacked into a single sky spectrum in which a sigma-clipping algorithm is used to detect the émission sky lines. This step produces a sky émission mask, which is used to mask ail émission lines in the individual sky spectra and isolate spectral régions of pure continuum.

(2) Sky continuum extraction For each sky fibre, émission lines are masked with the sky émission mask derived from step (1). Régions without émission lines are filtered spectrally using a wavelet décomposition to improve their signal-to-noise ratio [10]. The smoothed continuum is then interpolated over the entire wavelength range in order to get a pure continuum sky spectrum in each sky fibre.

(3) A -À surface reconstruction For each spectral element of resolution free of émission sky lines, a sky continuum surface is reconstructed thanks to a triangulation interpolation method, using the IDL routine GRIDDATA with a natural neighbor interpolation method.

At the end of this step, a A -A sky continuum datacube is constructed, which summarizes ail the constrains on the sky continumm over the field of view and wavelength bins. The sky continuum at the position of the sky and object fibres is extracted from this datacube, and subtracted to the sky and object individual spectra. Sky continuum subtracted spectra are then sent to the next step of the algorithm.

Removing émission sky lines

We used the method proposed by [9], which has been shown to be able to remove the OH lines in the near infrared (1 to 2.5 [im) with a good ac.curacy. This technique takes into account absolute and relative variations of OH sky line intensities, as well as variations due to instrumental flexures, which can impact the wavelength scale. The reader is refereed to [9] for a detail description of the algorithm.

SKY SUBTRACTION WITH OPTIMOS-EVE

In order to test and optimize this algorithm for OPTIMOS-EVE, we hâve constructed a simulator for MO and MI EVE observational modes (see Sect. 1.1). This simulator is composed of a sky generator, which créâtes artificial sky datacubes, an object generator, which créâtes artifical science spectra, and an interactive routine that allows us to place IFUs or fibers within the EVE field of view. The parameters of the simulation hâve been chosen to be as close as possible of the EVE observational setups, in ternis of spectral resolution, spatial scale, lambda sampling, and field-of-view. The architecture of the simulator is described on the flowchart shown in The sky spectrum is generated from the combination of a sky continuum, given by the Standard ESO ETC sky brightness and 11, and a library of sky lines from [START_REF] Hanuschik | A flux-calibrated, high-resolution atlas of optical sky émission from uves[END_REF]. The object spectrum is a high-z galaxy modeled by a constant continuum of magnitude magcon and an émission line defined by a Gaussian shape centered at the position Aemi with a total flux of fluxeTni and a velocity dispersion aemi

Accuracy on the sky background extraction

We hâve tested whether the designed algorithm can reach the required accuracy of < 1% on sky extraction required for both MO and MI observational modes. Hereafter, the quality of the extraction is defined as the mean residual between the input and the recovered sky surface as a function of wavelength.

In the MO mode, the quality of the sky continuum surface reconstruction dépends on the number of dedic.ated sky fibers and how they are distributed over the field-of-view. We hâve first tested the quality of the sky continuum extraction as a function of the number of dedicated sky fibers. For a given number of sky fibers, we hâve simulated 50 observations of one hour exposure with sky fibers randomly distributed over the field of view, and measured the accuracy of the sky continuum extraction in a central 5' x 5' région. Figure 4 illustrâtes the results of these Monte-Carlo simulations using the médian value of the extraction quality over the 50 iterationsn which is plotted as a function of the number of sky fibers. At visible wavelengths, the sky continuum can be easily retrieved within a quality of 1% using 30-40 sky fibers. In the near IR, due to the more important variations of the sky background (20% peak to peak), at least 80 fibers are needed to properly recover the sky background with the same quality.

In the MI mode, we hâve simulated the case of an object illuminating nine central spaxels, which roughly corresponds to médian seeing conditions. The remaining free fibers in the IFU were used as constraints for interpolating the sky background, in addition to four dedicated fibers sampling the sky contribution at larger spatial scales. The MI mode allows us to reach an accuracy on the sky extraction of 0.3%. It is thus recommended

for observations for which the sky background has to be recovered with very high accuracy. 

Application to observations of distant and faint galaxies

With OPTIMOS-EVE, it is required to observe very faint émission fines, down to 1 x 10~19 ergs/cm2/s, from objects with a continuum reaching mj= 28 or more. We hâve verified the feasibility of this science case in term of sky subtraction, in the MO and MI modes. We hâve modelled an émission fine (such as the Lyman a fine) falling in a spectral window devoid of strong sky émission fines in the J-bandT. The test has been performed using a Monte-simulation of 40 independent observations of Ih exposure (40 different sky cubes) for each mode.

*As a reference, the magnitude of the sky continuum in this band is 18.0 [START_REF] Cuby | Isaac: 18 months of paranal science operations[END_REF], i.e., ten magnitudes brighter than the object continuum

For the mode MO, 82 targets and 120 sky fibers hâve been distributed in the EVE field-of-view. Fortv independent observations of lh exposure hâve been generated using the EVE simulator. Each individual exposures hâve been sky-subtracted using the sky subtraction algorithm and then combined together with a médian minmax rejection algorithm. Figure 6 summarizes the performance of the MO mode in recovering a distant galaxy with an AB magnitude of 28, an émission line flux of 1 x 10~19 ergs/cm2/s, and a FIV//A/ot,s = 150km/s, in 40 hr of intégration time. The émission line is recovered with a mean S/N ratio of 8. 10~19 ergs/cm2/s) and an underlying continuum of 30 mag and 28 mag, respectively. Figure 6 shows the detected émission line after sky background subtraction (exposure time of 40 hours) in the MI and MO modes.

In the MI mode, the sky background is better subtracted and the line is detected with a better S/N than with the MO mode.

CONCLUSION

We hâve presented a new algorithm for sky subtraction dedicated to fibre-fed spectrographs, such as E-ELT/OPTIMOS-EVE. Spectroscopy of faint objects with fibre-fed instruments is often thought to be limited by the inhability of such instruments to measure the sky contribution close enough to science targets. Using Monte-Carlo simulations, we hâve demonstrated that this new algorithm can nevertheless reach accuracies similar to slit spectrographs. This is due to a careful reconstruction of a sky continuum surface as a function of wavelength using dedicated sky fibres distributed over the whole instrument field-of-view. This makes it possible to interpolate the sky contribu tion at the location of the science channels with good accuracy. Objects as faint as fLyo=l x 10~19 ergs/cm2/s and mcont = 30, which fairly represent z=8.8 Lyman-alpha emitters, should be détectable by the IFU mode of OPTIMOS-EVE within 40 hours of intégration time.
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 1 Figure 1: The processes taking place in the ISM of a galaxy.
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 11 Figure 1.1: VLT spectrum of an HII régions in Sextans B from Magrini et al. (2005). The typical lines of HII régions are detected : the Balmer sérié and [OU] , [OUI], [NII], [SU] forbidden lines.
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 1 Figure 1.3.
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 13 Figure 1.3: Schematic view of an AGN. Active galactic nudei galaxies host in their center an active black hole, surrounded by an accretion disk in rapid rotation. The matter is intensely heated in the accretion disk and emits an ionizing radiation which photo-ionizes dense fast moving clouds located at proximity to the nuclei (the broad line région). AGN can be Seyfert I or II depending on the line-of-sight from which the nuclei is observed. Seyfert I are AGN saw within a small inclined angle while Seyfert II are seen within a quasi edge-on line-of-sight.
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 14 Figure 1.4: Spectra of a Seyfert 1 galaxy from the IMAGES sample, J033208.66-274734.4. Inset zoom of the région H/3-[OUI] in the Seyfert I galaxy J033230.22-274504.6. The broad émission in Balmer recombination lines are visible in both spectra.
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 1 Figure 1.5: BPT diagram for the SDSS galaxies(Kauffmann et al., 2003b). The black symbols are star-

Figure 1 . 6 :

 16 Figure 1.6: The [OU]/H(3 and [01\/H/3 diagnostic diagram to disentangle between shocked and photoionized gas, from[START_REF] Fesen | Optical emission-line properties of evolved galactic supernova remnants[END_REF].
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 517 Figure 1.7: Relative ionization fractions for émission Unes produced by Mappings III, plotted as a function of relative distance from the inner surface of the nebula. The émission features shown here are [NII] (dashed green line), [OU] (dashed red line), [OUI] (dash-dotted red line), [SU] (dashed blue line), and [SIII] (dash-dotted blue line). From Levesque et al. (2010)
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 19 Figure 1.9: Puech et al. (2006) hâve derived Ne maps for 6 IMAGES galaxies using GIRAFFE
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 2110 Figure 1.10: Energy-level diagrams of the 2p2 ground configuration of [OIII] and [NII], from Osterbrock (1989). The strength of the A4363Aline is proportional to the population of the 1S'o level which is proportional to the électron température. Therefore the ratio [O III] AA4959,5007/A4363A decreases with increasing Te.
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 111 Figure 1.11: Left: The R03 diagnostic for abundance versus metallicity from the photo-ionization model MAPPINGS. Curves for each ionization parameter between q = 5 x 106 to 3 x 108 cm/s are shown. The R23 is strongly affected by the ionization parameter in the low metallicity régime. Right: The NoOo diagnostic for abundance versus metallicity from the photo-ionization model MAPPINGS. Curves are
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 12 Figure 1.15: Total IR luminosities of the MIPS 2Aym sources identified with a redshift at 0<z<1.2 ( plus signs). Assuming the calibration from Kennicutt (1998), IR luminosities are translated into an ;IR-equivalent SFR' reported on the right vertical axis. The thick solid line indicates as a function of redshift the IR luminosity corresponding to an observed 24//m flux of 0.08 mJy (80% completeness limit of our survey). Inset: Corresponding IR luminosity histogram of the sample. From Le Floc'h et al. (2005)
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 221 Figure 2.1: General method to retrieve stellar population.

Figure 2 . 2 :

 22 Figure 2.2: Example of estimation of âge and métal abundance from Lick indices of cluster data. The location of the object in the grid gives a first approximation of the âge and métal content. The grids are produced by the model of Schiavon (2007): solid fines show constant [Fe/H] from left to right of -1.3, -0.7, -0.4, 0.0, and +0.2; dotted fines show constant âge from top to bottom of 1.2, 2.2, 3.5, 7.0, and 14.1 

2. 3 .

 3 Limitation of astro-paleontology usually SSPs. The SED of the synthetic spectrum is defined by: Ma = M\0 Y xjTl rx ® Ct(u*, a*) the scaling parameter, TJ are the (j = 1.... ,N+) single stellar population templates, ta is the reddening term and G(t>*, o*) is a gaussian convolution modeling the kinematics of stars within the galaxy (u* is the velocity and cr* is the dispersion of stars). The contribution of each template Xj (j = 1,..., TV*) to the observed spectra is estimated by y2 minimization: where 0\ and gq\ are respectively the flux and flux uncertainty on the observed spectrum at wavelength A.
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 23 among many other: Asari et al. (2007); Vale Asari et al. (2009); Mateus et al. (2006); Tojeiro et al. (2009); Chen et al. (2009); Zhong et al. (2010).
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 23 Figure 2.3: Example of full-spectra fitting of a late-type SDSS galaxies using STARLIGHT software. Top-left : the galax}' spectrum (black) has been modeled by a combination of 150 SSP from Bruzual and Chariot (2003) synthetic models (green). Bottom-left panel: The residual spectrum, i.e. observedsynthetic. Right: Flux (top) and mass (bottom) fractions as a function of the âge. From Cid Fernandes et al. (2005).
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 31 Figure 3.1: Diagram illustrating the redshifts at which Ha, H/?, H7, and [O II]A3727 are observable from the ground in the optical (3500-9500A ) and through the JHK near-infrared atmospheric Windows.

  Star-formationStar formation rates are usually believed to be very uncertain. First factor of uncertainty is the supposed IMF: most tracers of SFRs are linked with massive, such as IR tracer, or very massive stars, like Ha tracer.[START_REF] Kennicutt | Star Formation in Galaxies Along the Hubble Sequence[END_REF] lias provided us an useful tool, including formula deriving SFRs from various indicators, ail assuming the same IMF. It is also relevant when comparing SFR with stellar mass to consider a common IMF for similar reasons of consistency. For practical reasons, UV or [OU]A3727 fluxes hâve been often used to characterize the SFR. since these émissions are redshifted to the visible window at moderate or high redshifts. Unfortunately, these tracers are very sensitive to metallicity and extinction. Indeed starbursts and LIRGs are so numerous at z> 0.4, that the only viable tracers are those which account for the light reprocessed by dust (IR), or those properly corrected for extinction effect such as Ha after accounting for extinction using the Ha /HQ ratio. For a given IMF, mid-IR and extinction corrected Ha fluxes
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 32 Figure 3.2: Spectrum of a distant galaxy from the IMAGES sample. The spectrum lias been fitted by STARLIGHT with stellar library templates. The contribution from the stellar absorp tion is plotted in red line. The upper box is a zoom around the H3 line. The émission line and the underlying absorption are clearly visible in the H3 line.

  shows the spectrum of a galaxy after the subtraction of the continuum. Theoretically, émission and ab sorption lines hâve gaussian profiles. The width of the line dépends on several components: the natural width of the line, the dispersion of velocity of the different emitting régions and the spectral resolution of the instrument. In the case of distant galaxies, the lines can hâve profiles more complex than a simple gaussian distribution. On one hand, physical processes can lead to none gaussian profile. Indeed, in integrated spectroscopy a line is compounded by the mix of lines arising from different régions of the galaxy which can hâve different velocities and brightness. Fig.3.4 illustrâtes an example of lines without gaussian profile: the [OIII]A5007Âshows a complex profile which cannot be fitted by a simple gaussian function. In a second hand, the spectra of distant galaxies can be affected by low signal-to-noise. The Poisson noise can apparently deform the gaussian profile of the émission lines.I hâve used the SPLOT routine from the IRAF package to measure the flux of the lines individually. The task évaluâtes the flux by simply summing the pixels in the portion indicated by the user. A linear continuum is also evaluated from both sides of the line and subtracted in the région of the line. The task returns the line center, continuum at the région center, core intensity, flux above or below the continuum, and the équivalent width. I hâve chosen this manual method to hâve a better control on the flux measurement. Automatic methods, like the one used by[START_REF] Lamareille | Spectrophotometric properties of galaxies at intermediate redshifts (z ~0.2-1.0). I. Sample descrip tion, photometric properties and spectral measurements[END_REF], can automatically fit ail the émission lines and evaluate their flux. The lines are fitted simultaneously with severals gaussians centered in the lines position
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 33 Figure 3.3: The same galaxy as the previous Fig, but only the spectrum from the gaseous phase is
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 34 Figure 3.4: [OIII]A5007Â lines from a distant galaxy in the FORS2-IMAGES sample. The line cannot be fitted by a simple gaussian. To correctly fit the line, the function rnust be at least a two gaussians component profile.
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 3536 Figure 3.5: Left:lD Spectra of a galaxy aft.er sky subtraetion. Right : 1D spectrum of the sky spectrum in counts. The émission lines from the galaxy hâve the similar intensity than the sky continuum in the région without strong sky lines.
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 37 Figure 3.7: a), b) Rest-frame spectra of CFRS03.0711 from the VLT observation around H(3 and Hoc wavelength positions; c), d) the corresponding low-resolution CFRS spectra. The H(3 and [OUI] émission line lines are completely diluted in the low resolution spectra. At red wavelength the Ha line is blended to the NII AA 6584,6548 lines. From Liang et al. (2004a).
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 338 Figure 3.8: Medium R spectrum from GOODS-VIMOS at rest-frame. Emission lines hâve been masked (régions set to zéro) and the continuum has been smoothed to enhanee the absorption features. The fitted synthetic spectrum is shown in red-dashed line. The spectrum is very noisy above ~4600Â in rest-frame (~8000A at observed-frame) due to the emergence of strong sky lines.
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 39 Figure 3.9: Left: Comparison of the extinction derived from FORS2 data (Ay HR high resolution) andthose measured in lower résolution data. The red symbol are the observation from medium R. R~500 and the black symbols stand for low resolution data R~250. The plain line is the identity. Right: Metallicity derived from the FORS2 data (HR) versus those derived from lower résolution spectra (LR). The color symbol are the same as the previous figure. The metallicity hâve been estimated from the FS3 ratio. The émission fines hâve been corrected from the extinction. For the low and med-R. as it was not possible to measure directly the extinction from the spectrum, a constant Ay=1.57, which corresponds to the medium Ay of the IMAGES sample from the high R spectra has been assumed. The metallicity derived from low resolution data is systematically overestimated compared to those measure on medium or high resolution spectra.
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 8 10 meter class télescopes allow us to scrutinize the structure of distant galaxies in de tail for the first time. The ESO large program IMAGES 'Intermediate MAss Galaxy Evolution Sequences" (Principal Investigator F. Harnmer) investigates the évolution of the main global properties from z~0.9 to the local Universe using a représentative sample of local spiral progen itors at z ~0.6. The IMAGES strategy aims at reconstituting the puzzle of galaxy évolution, linking by continuity in time the properties of local objects to those of intermediate redshift ancestors. This is possible because the IMAGES sample has been selected in baryonic mass
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 11 Figure 1.1: GIRAFFE is a multi-object intégral field spectrograph able to observe 15 target over a 20 arcmin field-of-view (Upper panel). Each galaxy is observed in up to 20 small apertures or microlenses, each of them providing a spectrum at high resolution (R=13000), see bottom-right panel. In the illustration (Bottom-center panel), the OU doublet is well resolved, and each line can be used to trace the velocity and the dispersion of an individual galaxy région.

which combine spatially resolved kinematics at 2 - 3

 23 Kpc scale, deep imagery from the Hubble space telescope giving morphological details at 100 pc scale and moderate spectral resolution spectroscopy observation allowing the measurement of integrated properties such as metallicity and extinction, see Fig.1.2. In this framework, we hâve designed and implemented a set of new méthodologies to dérivé properly the physical parameters from the observation of distant galaxies, see reviewHammer et al. (2009b) and Chapter 3 of Introduction part.
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 12 Figure 1.2: The instrumental set-up used by the IMAGES survey and the related observed quantities.
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 13 Figure 1.3: It illustrâtes three different examples (or class) of kinematical properties of distant galaxies.
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 14 Figure 1.4: Morphologies of galaxies at z=0 (top) and z=0.65 (bottom) from Delgado-Serrano et al.(2010). Each stamps represents 5% of the Mj < -20.3 galaxy population and are 3-colors composite of u, g and r or of v, i and z bands, respectively. The fraction of regular spirals has significantly increased since 6 Gyr, while for early-tj'pe (E/SO) it appears unchanged. At least half of the present-day spirals hâve a progenitor which is peculiar at z=0.65.

  , see illustration of four examples in Fig 1.5.
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 15 Figure 1.5: Three color images from ACS/HST and superimposed velocity field from GIRAFFE/VLT for four modeled IMAGES galaxies, a) Puech et al. (2009) demonstrated that the presence of ionized gas without stars near a highly asymmetric disk c.an be onlv reproduced by a remnant of a merger. b) Hammer et al. (2009a) identified a compact LIRG dominated by a dust-enshrouded compact disk

  to the for mation of a significant fraction of stars in bulges : they show very blue central colours Correspond to a decrease over 0.6-2 Gyr of the enhanced star formation due to the merging. Additional oc currence of gas infall may subsequently wrap around the bulge to form a new disk-like component as seen in many LCGs.Growth of disk phase:The star formation spreads over the entire formmg disk as fed by large amounts of gas infall (from internai réservoir or accreted from the vicinity). Some of them show irregularities, which is interpreted to be related to minor merger events. Most distant spirals show a core much blucr indicating a recent and active star formation.
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 1622 Figure 1.6: The three stages of the formation of local disk according to the spiral rebuilding scénario: 1) Phase of merger. The progenitor disks are destroyed and the majority of the matter falls toward the center of mass of the interacting System. It produces a short and intense burst of star formation.2) Compact phase.The merger rémanent is associated to the formation of a bulge. It may correspond to a Luminous Compact Galaxy (LCG). 3) Disk rebuild. The gas expelled in the first stages of the interaction falls into the merger rémanent and reformed a disk. It provokes a moderate burst in the rebuilding disk. FromHammer et al. (2005).
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 21 Figure 2.1: Scheme of F0RS2. The instrument is composed by three sections : Mask section The mask device for spectroscopic modes is located on the top section of the instrument. It carries a multiobject spectroscope (MOS), a long sût System a unit of tunable mask (MXU) and two calibration units.
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 22 Figure 2.2: FORS2 pre-image with the FIMS mask overplotted.
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 23 Figure 2.3: Up: Raw 2D spectrum. The object spectrum is sightly visible. Middle: Extracted 2D sky spectrum. Down: Final 2D object spectrum after the sky substraction. The strong émission lines and a weak continum are clearly visible.
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 27 Figure 2.7: Examples from the IMAGES catalogue of the four spectral classes. Up-left: FORS2 spectrum of a typical AGN spectrum J033208.66-274794.4. Up-right: Star spectrum, J033205.58-274638.2. Down-left: Typical spectra of a émission line galaxy (ELG) J033225.26-274524.0. Down-right: Ab sorption line galaxy, J033230.07-275140.6
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 75 mband ~mz)lSO = (mband ~™z)aPER Chapter 2.
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 210 Figure 2.10: Top panel: Distribution of the absolute magnitude in k-band of sample A in black and sample B in red. Bottom panel: Number counts (on a logarithmic scale) of selected galaxies versus AB absolute magnitude in K-band. The black histogram refers to sample A+B galaxies. The luminosity function derived from Pozzetti et al. (2003) at z = 0.50 is plotted with a dashed line and at z = 1 with solid line. The red vertical line represents the limit of 85% completeness.

  logarithmic terni in the calculation of extinction (see équation 1.5 in Introduction), the extinction measured lias asymmetrical error bars. The error results from the error on the flux measurement of the émission lines which is dominated by the noise of the sky. Therefore, the relative error of a line flux is the inverse of its S/N. This error propagates in the ratio of Chapter 3.
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 32 Figure 3.2: Relation between the extinction A y values derived from the Balmer décrément and by SFRir and SFRHQnc ratio. We plot the 37 galaxies having reliable H7 détection and the 13 galaxies from Sample B with A y (Balmer) and Av (IR) measurements. The objects with infrared détection are plotted with filled red circles. The arrows are the 21 objects the Sample A with only Av (IR) upper limit estimations. The two dashed lines refer to the results with ±0.64 rms. The lower right image in the graph is the combined ACS/HST image in B,V and I band of the edge-on galaxy J033212.39-274353.6.
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 33 Figure 3.3: Diagnostic diagram for the Sample A. Galaxies with only A\-(IRnm) are plotted with down arrows. The objects with log([NeII]À3868/[OII]A3727) > -1.3 are plotted in red dots. The solid line shows the theoretical sequence front McCall et al. (1985) for extra-galactic HII régions. The dashed line shows the photo-ionization limit for a stellar température of 60 000 K and empirically delimits the Seyfert 2 and LINER front the HII régions. The dot-dashed line shows the démarcation between Seyfert 2 and LINERs from Osterbrock (1989) .
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 34 Figure 3.4: Diagnostic diagram for Sample A. The doted line shows the limit of the région occupied by star-forming galaxies fromKewley et al. (2006b). The dashed line represents the empirical démarcation separating star-formation galaxies from AGN fromKauffmann et al. (2003b) 
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 36 Figure 3.6: The local galaxies from the DR7 of SDSS are represented in the BPT diagnostic diagram in contours and black dots. The four intermediate redshift galaxies with NII détection from the FORS2sample are plotted in red circ.le symbols. The up and down triangles represents galaxies at z=1.4 and z=l respectively from[START_REF] Liu | Metallicities and Physical Conditions in Star-forming Galaxies at z ~1.0-1.5[END_REF]. The green dotted lines delimit the régions dominated by star-forming galaxies (left) and AGN (right) according toKauffmann et al. 2003 (long dash) and[START_REF] Kewley | Optical Classification of Southern Warm Infrared Galaxies[END_REF] 
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 37 Figure 3.7: The [OUI\/H(3 vs [OU\/Hf3 diagnostic diagram for the local SDSS galaxies (in contours and dots) and the intermediate redshift galaxies from IMAGES (red circles). The solid line shows the theoretical sequence from McCall et al. 1985 for extra-galactic HII régions. The dashed line shows the photo-ionization limit for a stellar température of 60 000 K and empirically delimits the Seyfert 2 and LINER from the HII régions. The dot-dashed line shows the démarcation between Seyfert 2 and LINERs
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 3839 Figure 3.8: Histogram of the [OIII]A5007Â/[OII]A3727Â of the Sample A. Ail the galaxies hâve O3O0ratio inferior to 2 and thus lie in the upper branch of the R23 diagnostic according toMaier et al. 2004 and[START_REF] Nagao | Gas metallicity diagnostics in star-forming galaxies[END_REF]. The three objects with 03Ûo> 2 are AGN candidates.
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 1 15. The associated error has been calculated by propagating the flux error through the SFR calibrations. Total SFR The total recent star formation can be estimated by the sum of SFRjr and SFRuy. Indeed, SFR(UV) traces the UV light which has not been obscured by the dust and SFR(IR) traces the UV light thermally reprocessed by the dust. The sum of the two SFR estimators account for ail 9The flux is given in m Jy in the Le Floc'h et al. (2005)catalogue. The conversion of mJy to erg s~1 cm~2 is :
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 310 Figure 3.10: Comparison between the [OU] and UV radii for the IMAGES subsample of galaxies. The two insets on the left (30-arcsec wide) show MIPS imaging at 24 /ira of J033228.48-274826.6 (upper one) and J033244.20-274733.5, while the two insets on the right show z-band HST/ACS images of J033230.78-275455.0 and J033226.23-274222.8 superimposed with the GIRAFFE IFU grid. The colors code the kinematic category defined by Yang et al. (2008): rotation disks are shown as blue dots, perturbed rotation as green squares, and complex kinematics as red triangles. The open blue circles correspond
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 3312 Figure 3.12: The gas mass derived from the inversion of the Kennicutt-Schmitt law as a function of the stellar mass derived from the absolute magnitude in K band. The red dots represent the objects not detected in the 24pm observations. The sample of Puech et al. (2010) hâve been overploted with triangles. The red triangles are galaxies of the Puech et al. (2010) sample without 24fim observations and for which SFRir hâve been estimated using the MIPS détection (Le Floc'h et al., 2005). The typical error bars for the two samples are plotted in the top-left corner.
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 41 Figure 4.1: The relation between stellar mass, in units of solar masses, and gas-phase oxygen abundance for ~53,400 star-forming galaxies in the SDSS. The large black points represent the médian relation in bins of 0.1 dex in mass, which include at least 100 data points. The solid lines are the contours which enclose 68% and 95% of the data. The red line shows a polynomial fit to ail the data. The inset plot
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 162 Rodrigues et al. (2008) in annex). I discuss the origin of this dispersion in Sect. 4.The stellar m,ass-metallicity relationGiven the small range in stellar mass covered by the sample, it was not possible to constrain the évolution of the shape of the M-Z relation at z~0.7. Thus, I hâve assumed that the slope of the M-Z relation remained unchanged compared to the local relation.

Figure 4 . 2 :

 42 Figure 4.2: Stellar mass-metallicity relation for the SDSS galaxies in contours and dots (z=0, Tremonti et al. (2004), Bell et al. (2003) see text ) and the 88 intermediate-z galaxies: sample A is shown as red circles and sample B as red crosses. Galaxies with masses lower than the completeness limit (log Msteiiar < 10) are plotted with open symbols. The objects in sample A with \ogR03 > 1 are plotted as small pink triangles and those detected as possible AGN are plotted as blue triangles. The typic.al uncertainty bars are plotted on the right. The red line indicates the médian of the intermediate-z relation.The green line represents the local relation fit found by Tremonti et al. (2004). The shift between the local relation and our data sample is A[12+log(0/H)] = -0.31 dex±0.03.
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 2 Mq) show the stronger évolution and hâve much lower Z than their local counterparts (-0.28dex). They hâve concluded that the mass-metallicity relation is flatter at higher redshifts. The[START_REF] Lamareille | Physical properties of galaxies and their évolution in the VIMOS VLT Deep Survey. I. The évolution of the mass-metallicity relation up to z = 0.9[END_REF] sample and the IMAGES-FORS2 sample are not directly comparable because they do not cover the same range of stellar mass. The[START_REF] Lamareille | Physical properties of galaxies and their évolution in the VIMOS VLT Deep Survey. I. The évolution of the mass-metallicity relation up to z = 0.9[END_REF] sample is composed of galaxies with stellar masses in the range 8.9 < log Msteuar < 10.2 Mq while stellar masses in the IMAGES sample hâve log Msteuar > 9.8 Mq. The larger évolution found in our sample, -0.31 dex for a mean log MsteUar -10.5 Mq at z~0.6, is compatible with their conclusion of a flatter mass-metallicity relation at higher redshifts. However, I hâve shown in Introduction Section 3.3 that with low resolution spectra, such as those of the WDS sample (R=230), the metallicity can be underestimated. The effect is higher at low metallicities than in high metallicities due to the shape of the log{0/H) + 12 vs. i?23 relation. This bias may explain part of the flatness of the M-Z relation found in[START_REF] Lamareille | Physical properties of galaxies and their évolution in the VIMOS VLT Deep Survey. I. The évolution of the mass-metallicity relation up to z = 0.9[END_REF].
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 43 Figure 4.3: Evolution of the M-Z relation inside the Sample A+B. Left Panel:The 17 galaxies from the 0.4 < z < 0.55 bin. Middle PanehThe 38 galaxies from the 0.55 < 2 < 0.75 bin. Right Panel:The 15 galaxies from the 0.75 < z < 0.95 bin. The galaxies with masses under the completeness limit are plotted with open circles. Objects with log(R23) > 1 and AGN are not plotted. The médian of each bin is marked in dashed red line, see Table4.2.3 for the A[12+log(0/H)]. The local relation from Tremonti et al. (2004) is marked with a green line. Only galaxies over the completeness limit logMsteiiar <10 hâve

(

  2002) calibration. This calibration is similar to theTremonti et al. (2004) one and other R23 based calibrations in the working range 8.4 < 12 + log(0/H) > 8.7[START_REF] Kewley | Metallicity Calibrations and the Mass-Metallicity Relation for Star-Forming Galaxies[END_REF]Tremonti et al., 2004). For the galaxies in the sample having [NII] measurements, I compared the metallicity to those of several N2 calibrations. I confîrmed that the Denicolo et al. (2002) calibration gives similar results to the abundances estimated in this work. The M-Z diagram for the local, intermediate and high redshift samples are plotted in Fig. 4.4. See Rodrigues et al. (2008) in annex for discussion of systematics. The Chemical évolution over the past 8 Gyr I hâve measured the médian offset of the local relation and the associated uncertainty in ail the high-z samples. The offset A(0/H) for the 3 redshift bins of the intermediate galaxies and for the four high-z samples are plotted in Fig. 4.5 as a function of lookback tirne. I found that the évolution of the mean metallicities from the local Universe to a lookback time of ~12 Gyr is linear with a slope given by:

  calibration instead of the[START_REF] Denicolo | New light on the search for low-metallicity galaxies -I. The N2 calibrator[END_REF] calibration, we find a linear évolution of the métal content in galaxies with a similar slope. As the évolution of the M-Z relation is strongly constrained at z~0.6, any bias in the high-z sample will not change the shape of the A (O/H) -z relation, but only its slope.
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 44 Figure 4.4: Stellar mass-metallicity relation for the SDSS galaxies in contours and dots (z=0, (TYemonti

  and the médian of the intermediate-z relation is in red. The 7 individual galaxies at z>l of Liu et al. (2008) are plotted as black triangles. The two z>2 samples are plotted in blue: inverted blue triangles indicate the 7 star-forming galaxies of Shapley et al. (2004); blue stars indicate the 5 stellar mass bin of Erb et al. (2006b). The z > 3 sample of Maiolino et al. (2008) is plotted in green squares.
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 45 Figure 4.5: The metallicity shift from the local relation of the 4 high-z samples as a function of lookback time is plotted as black open squares. The metallicity shift for the 3 redshift bins of the IMAGES sample are in black squares and the médian of the 3 bins is a red triangle.
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 46 Figure 4.6: Doubling time, defined by fo = Mstei\a.T / SFRm, for émission line galaxies in the IMAGES
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 474 Figure 4.7: Distribution of the absolute magnitude in K-band for the gas sample (in black). The red lines are the luminosity function from Pozzetti et al. (2003) at z~0.5 in dashed-line and at z~l in solid line.
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 48 Figure 4.8: The gas fraction derived from the inversion of the Kennicutt-Sehmitt law as a function of the stellar mass derived from the absolute magnitude in K band. The two sub-samples composing the IMAGES sample hâve been plotted with different symbols: Sample A with circle and Puech et al. (2010)
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 49 Figure 4.9: The gas fraction g vs logMsteiiar for the IMAGES sample having IR détection. The data has been fitted with an exponential law, see text above. The la dispersion of the data is about ± 14%.
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  ~0.6 samples, I hâve re-derived the gas fraction ofErb et al. (2006b) from the tabulated SFRUV, SFRjiac, Rgas and logMgteiiar inErb et al. (2006b,a,c). The SFRs and stellar masses hâve been derived in Erb:s papers assuming aChabrier (2003) IMF. I hâve converted these values to aSalpeter (1955) IMF by multipling them by 1.8(Erb et al., 2006b). The total SFR is defined as the sum of the dust extincted SFRuv and the SFRhq corrected for extinction and aperture12. The extinction has been estimated from SED fitting and then applied to the stellar UV continuum and to the nebular émission line Ha.Erb et al. (2006c) derived gas masses considering a gas surface of FWHMgas where FWHMgas is the extension in the slit of the Ha émission. The gas surface of z ~0.6 galaxies has been estimated assuming a circular distribution of the light equal to tt R2gas. Following[START_REF] Puech | Clumpy galaxies at z = 0.6: kinematics, stability and comparison with analogues at other redshifts[END_REF], I hâve assumed the Rgas inErb et al. (2006c) to be 2a of the Ha émission distribution. Assuming that the gas surface is Gaussian, Rgas is then equal to (2/2.35) FWHMhq-This new dérivation leads to a médian gas fraction of 53.1%db5 for a médian log Mstei[ar-10.41. There are not tabulated errors for SFRfja and SFRuv in Erb's papers. I hâve thus taken the typical error bars for 6^=20% and log Msteiiar -0.3 dex. These error bars take into account the uncertainty on the estimation of Rhcx (~30%), on the Ha flux measurement and the aperture and extinction corrections (factor 2), and the uncertainty due to the scatter in the Schmidt law itself (~0.3dex).

Figure 4 .

 4 Figure 4.11 shows the évolution of the g vs. log Msteiiar of intermediate mass galaxies at different lookback times. The local galaxies fromSchiminovich (2008) are represented as a blue line. For clarity the z ~0.6 (black dots) and z ~2 (red triangles) samples hâve been represented in bins with equal number of galaxies, ~12 and ~15 galaxies respectively. Each point represents the médian gas fraction and stellar mass in the bin. The errors bars are the quadratic sum of the dispersion in each bin and the error on the évaluation of the médian value calculated by bootstrap resampling.

Figure 4 . 10 :

 410 Figure 4.10: The gas fraction vs stellar mass of the z ~2 sample ofErb et al. (2006a). The stellar mass has been converted into a 'diet' Salpter IMF and the gas fraction hâve been re-derived as explained in the text. The solid red line is the limit of détection of g derived from the limit of détection of the Ha émission line. The sample is only completed for log Msteuar above 1O.7M0.
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 411 Figure 4.11: The gas fraction p vs. stellar mass in local, intermediate and high-z samples. The local galaxies from Schiminovich (2008) are represented as a blue line. For clarity the 2 ~0.6 (black dots) and 2 ~2 (red triangles) samples hâve been represented in bins of ~12 and ~15 galaxies respective^. The gas fraction at 2 ~1.5 from the CO observation of Daddi et al. (2010) is plotted with green stars.
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 412 Figure 4.12: The évolution of the gas fraction with lookback time: log(/.i(t)//x(to)) as a function of lookback time for logM>10.6 (black symbol), 10<logM<10.6 (pink Symbol) and logM<10 (blue Symbol). Star symbols include galaxies with stellar masses in the completeness range of IMAGES sample (logM>10).

Figure 4 .

 4 Figure 4.13: Effective yield as a fonction of total baryonic mass (stellar +gas mass) for 53,400 starforming galaxies in the SDSS. The large black points represent the médian of the SDSS data in bins of 0.1 dex in mass which include at least 100 data points. The solid lines are the contours which enclose 68% and 95% of the data. The colored crosses are data from Lee, McCall, Sz Richer 2003,Garnett 2002, and Pilyugin &: Ferrini 2000. Both the metallicities and the gas masses used to dérivé the effective yield hâve been computed differently in the SDSS data and the samples from the literature. The agreement nevertheless appears quite good.From Tremonti et al. (2004) 

Figure 4 .

 4 Figure 4.14: Metallicity vs gas fraction of Sample A (dot symbols). The AGN candidates hâve not been plotted. The upward arrows are Sample A galaxies with lower limit of metallicity. The theoretical relation in the case of a closed-box model with yield=0.0148 is represented by a red solid line.
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 44 Figure 4.15: The observed M-Z relation at 2 ~0.6 (red Symbol) and the predicted M-Z relation assuming a closed-box model and the observed évolution of the gas fraction (blue dashed line).

Figure 4 .

 4 Figure 4.17: Composite image (B+V, i and z bands) of two IMAGES galaxies taken with the Advanced Caméra for Surveys (ACS) of the HST (left column) and their B-z color map. The size of field-of-view is 5.0 arcsecx5.0 arcsec (~30 kpcx30 kpc at z~0.6). Both galaxies hâve metallicities below the average of z ~0.6 galaxies and présent evidence for merger. Up: J03324.60-274428.1 has two cores and can be probably classified as merger during the first passage. Down J03337.96-274652.0 hâve a very perturbed morphology. Its morphology is very similar to J033214.97-275005.5 which hâve been classified as a merger near fusion byHammer et al. (2009c).
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 51 Figure 5.1: Fractional contributions to the B and K light of an instantaneous burst stellar population with solar metallicity and a Salpeter IMF, by stars on the main sequence and various post-main sequence evolutionary phases. From Chariot 1997

  by the likelihood distribution Kauffmann et al. (2003a); Brinchmann et al. (2004); Salim et al. (2005); Gallazzi et al. (2005).However, even with the wealth of UV to mid-IR data from IMAGES, it is difficult to disentangle effects of metallicity, âge, extinction, and past star formation history. In addition, ail the derived quantities dépend stronglv on the models, in particular by the IMF, star formation history, and on the recipe for the extinction law assumed to generate the models, see discussion inPuech et al. (2008) andHammer et al. (2009c).
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 52  and mass-to-infrared light (right) ratio versus B-V color for models with various exponentially declining star formation rates(r=l,2,4,7Gyr), compared to the values observed in nearby galaxies of varios morphological types. FromChariot 1997, 
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 53 Figure 5.3: Histogram of the stellar mass, mass fraction of young stellar population, and extinction of the mock galaxies.

  based on a two-component parametrization of the star-formation history, i.e.an old component which models the formation of the bulk stellar population in the early Uni verse and a young component that represents a recent star-formation épisode. The old stellar component is modeled by a CSP with an âge close to the âge of the Universe at the observed redshift, an exponential decaying star formation history with an e-folding time r = 100 Myr, and a sub-solar metallicity (Z = 0.4Z©). In a first step, the red part of the SED (J-band to near IR) is fitted by the old component with the normalization and the two parameters of extinction as free variables. The best fit is subtracted to the observed SED. The second step consists on evaluate the contribution of a recent burst from the residual of the SED. The residual SED is compared to a grid of CSP models spanning a wide range of metallicities, âges and e-folding time. Each model of the library is compared to the residual SED by computing the y2 statistic where extinction and the normalization flux are the free parameters of the fit,. The optimal solution is the model of the grid with the lower y2, see figure5.4. The confidence level of the best solution can be derived from the distribution of the y2 as a function of the âge, r and Z of the library templates. This method aims to estimate maximum limit of the stellar mass since it minimizes the fraction of young and intermediate stellar populations[START_REF] Papovich | The Stellar Populations and Evolution of Lyman Break Galaxies[END_REF].
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 54 Figure 5.4: The maximum mass method applied to an IMAGES galaxy. Top row, left panel: Fit of an old stellar population model to the red-part of the SED. Bottom row, left panel: Best-fit of the residual with a young stellar population. Right panels: Best-fit of the SED by the two components.
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 55 Figure 5.5: Stellar mass derived by maximal mass method as a function of the real Stella,r mass in the fake galaxy sample. The color code the mass fraction of old stellar population (a.ge>3Gyr) in the galaxy:black (blue) symbols are galaxies with more than 80% (50-80%>) of their stellar mass locked into old stellar population. The red symbols corresponds to very young svstem with 50% of stars younger than 3Gyr.
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 56 Figure 5.6: The time évolution of the relative contributions to the bolometric luminosity of stars in the various evolutionary stages. From[START_REF] Maraston | Evolutionary synthesis of stellar populations: a modular tool[END_REF] 

  the SED by a set of iV* single metallicity population synthesis templates Tl(X)(i=l,..., N). The best-fitting model SED F(A) is given by: negative coefficients representing the fraction of light of the template T\ and Dust is the two parameter extinction law ofCardelli et al. (1989). I hâve assumed that only the young stellar population (âge < 500 Myr) is affected by the dust and the same E(B-V) and Ry hâve been applied to these templates. To find X{, E(B-V), Ry, I hâve minimized the y2 using MPFIT (Levenberg-Marquardt least-square minimization) rest-frame flux of the object in filter j and its associated uncertainty afobsj, jmodel js flUx of the synthetic spectrum in the j-band. The number of templates used in the fit dépends on the number of photometric points. For the IMAGES galaxies observed by 17 filters, I hâve used iV*=6. The number of free variables are thus eight (six from stellar population and two from the extinction) and the number of constrains is 17. An example is given for a IMAGES galaxy in figure 5.7.
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 357 Figure 5.7: Rest-frame SED of J033219.96-274449.8 for a 3-arcsec fixed aperture photometry (red symbols). A SED compiled using a combination of 6 CSP with exponential décliné r=100Myrs and a two component extinction la,w has been fitted to the object (solid line).

  two estimations: the two methods give equal results within ~0.1mag. The small différences corne from the models used by the two methods: In Hammer et al. (2001), Bruzual &; Chariot 2001 hâve been used while the new method runs Bruzual & Chariot 2007 models. The main différence between the two models in the near IR is the treatment of the TP-AGB stars in the Bruzual & Chariot 2007 models.
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 58 Figure 5.8: Fit of broad band photometry from UV to near IR with the combination of 6 CSP with exponential décliné r=100Myrs and a two component extinction law. The degeneracy is important in galaxies with old populations bec.ause the old stellar population is hidden by the young. The color codes the mass fraction of old stellar population (age>3 Gyr) in the galaxy, see fig. 5.5
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 59 Figure 5.9: Comparison between the absolute magnitude in J-band derived byHammer et al. (2001) and those derived using a combination of 6 CSP and a two-parameter extinction law.

. 4 )

 4 The grid of templates is composed by six CSP with r = 100 Myr and same metallicity. I hâve associated to each template the mean SFR of the CSP in the last 100 Myr. The observed SFR is the total SFR defined by the sum of SFRjr or SFRuy. Note that the SFR0bs dépends on the assumed IMF and thus it is mandatory to use the same IMF for the stellar population models.Multiple local solutionsI hâve first tried to minimize the y2 function using a non-linear least squares curve fitting algorithm based on gradient: the MPFIT IDL routine by Markward 2008. Unfortunately, the method was enable to find a global minimum, falling rapidlv in a local minimum near the initial conditions. Adding the SFR penalty function in the fitting process has introduced a plethora of local minimum in the parameter space. The global minimum cannot be reached by the usual optimization algorithm based on the gradient or Hessian function. Though gradient-based methods are computably efficient, they provide us with a locallv optimal solution and fail in general to provide the global optimal solution to a problem.Grid of possible solutionIn a first attempt, I hâve tried to search for a global minimum in a grid of parameters which vérifiés the condition SFRm = SFR0bs ± esFR, be. the combination of Xi which verify the SFR constrain. The preliminary results of this approach applied to the fake galaxy library were very promising. The stellar mass was retrieved within 0.1 dex. However, the use of the grid introduces error due to the limited résolution of the grid and it is very time-consuming (severals hours by galaxy). I hâve thus searched for an optimization algorithm able to find the global solution of a non-linear problem.5.4.2The Swarm intelligence algorithm One way to solve problems with multiple local minima is to use an algorithm which employs some randomization as part of its logic. The randomization allows the algorithm to jump in other régions of the space parameter instead of setting locked directly in a local minimum as gradient based algorithms. There are several algorithms which include randomized search steps, or are 'heuristic, in nature, such as: simulated annealing, genetic algorithms, ant colony optimization, particle swarm optimization, to name a few. The idea is to leave the best solution untouched while allowing other States to explore the search space. I hâve also tested a genetic and a swarm intelligence code and they gave very similar performance in term of convergence and execution time. I hâve chosen the 'particle swarm optimization^to solve the current optimization problem because this algorithm is easier to implement since it has less fitting parameters to optimized than the genetic code. Description of the algorithm Particle swarm optimization (PSO) is a population based stochastic optimization technique developed by Eberhart and Kennedy in 1995. inspired by the social behavior of bird flocking or fish schooling. A PSO algorithm maintains a swarm of particles, wdiere each particle represents a potential solution. The particles are flown through a multidimensional search space, where the position of each particle is adjusted according to its own expérience and that of its neighbors.
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 510 Figure 5.10: Geometrical illustration of velocity and position update for a single two-dimensional particle at time step t (left) and t + 1 (right).
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 512 Figure 5.12: Fit of the rest-frame SED and the constrain on SFR by a combination of 6 CSP with exponential décliné r=100Myrs and a two component extinction law.The color codes the the mass fraction of old stellar population (a.ge>3 Gyr) in the galaxy, see fig. 5.5
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 5 .1 A forming, dust-enshrouded disk at z = 0.43In "A forming, dust-enshrouded disk at z = 0.j3: the first example of a massive, late-type spiral rebuilt after a major merger?"Hammer et al. (2009a), we hâve modeled a compact LIRG galaxy J033245.11-274724.0 from the IMAGES survey.Morpho-kinematic observations and physical model J033245.11-274724.0 is a luminous infrared galaxy with a stellar mass similar to the Milky Way.It lias a very compact morphology: Rhalf ~1.7 kpc. The color images from the Ultra Deep Field hâve revealed a central bulge with a small bar prolonged by very luminous arms, which are surrounded by a red and dusty disk, see Fig.5.13 upper-right panel. The disk account for the bulk of the stellar mass and star formation in the galaxy. The arms hâve different colors -one red and the other blue -due to the dust distribution. It suggests that the arms are not aligned with the disk: the blue arm emerges above the disk while the red arm is hidden below the disk.

   shows a sketchy représentation of the galaxy, which reproduces both its morphology and kinematics.

  by the scénario proposed by[START_REF] Rupke | The Oxygen Abundances of Luminous and Ultraluminous Infrared Galaxies[END_REF].

Figure 5 .

 5 Figure 5.13: Upper left: v-band image of J033245.11-274724.0 on which the GIRAFFE iso-velocities hâve been superimposed. Colour coding is the same as in Yang et al. (2008). Upper right:b?v-fi?zcolourcombined image of J033245.11-274724.0 on which the dynamical axis (full lack line) and the velocity dispersion peaks (dotted squared boxes) at 105 km s-1 hâve been superimposed. The entire galaxy shows large velocity dispersion Yang et al. (2008). The figure in the electronic version is of higher contrast. Bottom left: a sketchy model of the galaxy showing the dusty disk, and the gas motions (purple:

J033245. 11 -

 11 Figure 5.14: FORS2 spectrum of J033245.11-274724.0 after de-reddening the continuum by cextmction = 1.0 (Orion extinction curve). The spectral energy distribution can be reproduced (red line) by a set

  . A Cardelli et al. (1989) extinction law was assumed. The best-fit relation indicates that a high fraction of the galaxy spectrum is dominated by young stellar features typical of 13 Myr, 100 Myr, 200 Myr, and intermediate âge stellar population of around 1 Gyr. However, the quality of the spectra, and the limited w'avelength range does not allow us to provide strong constrains on the fractional contribution of light from stellar populations of different âges. To constrain the stellar population properties more reliably, we hâve investigated the spectral energy distribution (SED) based on photometric measurements.I hâve adjusted a synthetic SED consisting of a linear combination of composite stellar pop ulations (CSP) and a two paramet.er extinction law fromCardelli (1989). The base consists of 6 CSP from Chariot & Bruzual 2007 models with a Salpeter IMF(Salpeter 1955) and a r-exponentially declining star formation history with r = 100 Myr. According to the low metallicity detected in the gaseous phase, I hâve selected CSP with sub-solar metallicity Z = 0.5 Zq.The âges of the 6 stellar populations are 13 Myr, 200 Myr, 500 Myr, 1 Gyr, 4 Gyr, and 7 Gyr, respectively. The result.s for the bestfit relation ( y 2 = 2.09) are shown inTable 5.2. 

Figure 5 .

 5 Figure 5.15: This figure, extrac.ted from Fuentes-Carrera et al. (2010a), illustrâtes the principle of individual galaxy modeling. The observables (in the top row) such as the kinematics and the morphology impose strong constrain on models and allow to break the degeneracy between a large number of model scénarios. Top row, left panel: Composite image (B+V, i and z bands) of J033227.07-274404.7 taken with the Advanced Caméra for Surveys (ACS) of the HST. Size of FoV is 2.0 arc.sec x 2.6 arcsec (14.4 kpc x 18.8 kpc). Superposed grid shows the position of the GIRAFFE IFU. Top row, middle panel: Line-of-sight velocity map of the object derived from GIRAFFE observations of the [OII]3726,3729 A doublet. Top row, right panel: velocity map and cr-map of the object derived also from GIRAFFE observations. Bottom row, left panel: Projected distribution of gas of the simulated encounter using
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 55 Figure 5.16: The GOODS spectrum of J033227.07-274404.7. The main émission lines are indicated. The relative flux is in energv per unit area per unit time per wavelength. From Fuentes-Carrera et al. (2010a)

  properties at lookback time superior to eight Gyrs. A consistent picture of the mass assembly and star-formation across the entire history of the Universe requires deeper observations at higher spatial résolution. In the next decade. such observation will be possible thanks to the advent of a new génération of facilities (seeFig 1.1):
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 11 Figure 1.1: The artistic view for the future facilities planned for the next decade, with the respective expected year of operation.

  The current opto-mechanical concept of the E-ELT(B. Délabré, 2008) is composed by five mirrors which feed two Nasmyth foci and a coude type focus. The correction of the atmospheric turbulence is directly included into the optical design by the M4 and M5 mirror, respectively an adaptive mirror of 2.6m and a tip/tilt mirror. In addition, four to nine laser-stars will allow to analyze the wave front in the E-ELT field of view (~10 arcmin). Fig. 1.2 shows the configuration of the laser guide stars and the effective field of view of ELT seen by the instruments. The instruments will be distributed in permanent way among the different focal stations to permit 1.2.
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 12 Figure 1.2: Left: accessible FoV as seen from OPTIMOS-EVE. Laser Guide stars are locked with the pupil in this example and therefore rotate with respect to the image plane. Right: projected view of the Focal plane showing the plane of the plate and the obscuration of the LGS and Guide star. From the OPTIMOS-EVE Operational Concept Définition document.
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 13 Figure 1.3: The three observational modes of OPTIMOS-EVE. From left to right: the multi-object mode MO, the medium Intégral Field Unit MI, and the large intégral field unit mode. Each hexagon represents a single fibre, assumed to be 0.3".
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 14 Figure 1.4: Schéma,tic overview of OPTIMOS-EVE. The 3 main subsystems of the instrument are clearly indicated: The Focal Plate Carousel -Positioner, containing 4 Focal plates with various Mono Objects Fibre inputs and IFUs as well as a robot positioner; the fibres, to transport the collected light to the spectrograph, guidance sensors and from the calibration source; the spectrographs, consisting of a visible and an infrared arm, separated by a dichroic.
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 1516 Figure 1.5: Left: Optimal extraction of a target in a slit. The area of aperture considered in the S/N calculus is the height of the slit x the length of optimal extraction. Right: S/N as a function of the aperture diameter/Seeing for fiber (in black line) and height over the length of extraction for slit (in red line). The aperture c.an be optimized bv fixing the typical seeing expected. For referenc.e, a typical seeing in Paranal, at blue wavelength, is around 0.78" and 0.47" with GLAO.
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 17 Figure 1.7: Percentage of the spectral band available between OH sky lines in the J band (solid line), and in the first half of the H band (dashed line), as a function of the spectral resolution. From OPTIMOS-EVE executive summary document.

  fiber and slit multi-object spectrograph. This preliminary study shows that fiber-fed instru ments are more compétitive than slit instruments in terms of the flexibilitv of observations in multi-object mode (e.g. less limitation on the distribution of target in the field and the support of integrated-field mode) and of spectral resolution. I hâve shown that the characteristic of OPTIMOS-EVE fit the technical spécifications of the observation of faint and distant objects, in term of aperture loss, multiplex, global efficiency and spectral resolution. Its main draw back is the accuracy of the sky-subtraction. In the frame of the phase A, we hâve developed a new technique that overcomes the apparent limitation of fiber-fed instrument to recover with high accuracy the sky. The next chapter contains a complété définition of the problem and the description of the implemented sky subtraction algorithm.

  dark skies, the sky spectrum, in particular the émission line component, is dominated by the contribution of the airglow light. The existence of what is now termed airglow was established for first time photometricaly by Yntema (1909). It corresponds to the light radiated by electronically or/and vibration-rotationally excited atoms and molécules located in the upper part of the ^Yes, It is him! The most famous astronomer on earth: Brian May the guitarist of Queen 2.1.
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 232122 Figure 2.1: Night spectrum at La Palma observatory. The principal émission Unes and bands of the airglow are indicated. From[START_REF] Benn | Brightness of the night sky over La Palma[END_REF] 

Figure 2 . 3 :

 23 Figure 2.3: Right: Image of the airglow distribution in near-IR (mainly OH Meinel bands) during a cloudless night. A sériés of stripes extend over the 19°x 19°field of view. From Moreels et al. (2008).

Figure 2 . 5 :

 25 Figure 2.5: Sequence of spectral measurements for some sky features measure in FORSl spectra by Patat (2008). Exposure times ranged from 10 to 20 minutes. The vertical dashed line marks the start of morning astronomic.al twilight. The horizontal dashed Unes mark the average value, while the dotted lines indicate ±20% levels.

Figure 2 . 6 :

 26 Figure 2.6: Flowchart of the sky subtraction algorithm. Examples are shown in the lower panels: (a) Sky émission mask (red boxes) produced by kappa-sigma-clipping. (b) Residual from the subtraction of the continuum background in a 7' x 7' field using 120 sky fibres in lh exposure time. (c) Modeled sky (red line), continuum background and émission lines derived by the Davies's method, over-plotted to the input sky spectrum (black line), in logarithmic scale.

2 . 7 .

 27 The Davies's algorithm compensâtes these changes and also correct the effect of instrumental flexure which can lead to 'P-Cygni' type residual due to small mismatch in the wavelength scaling. The algorithm is based on the physical reason of the absolute and relative flux change in OH lines : the fluctuation in the vibrational and rotational températures.
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 27 Figure 2.7: Spectrum of the OH émission across the H and K bands (the thermal background bas been subtracted). The various spectral ranges corresponding to the different vibrational transitions (labelled) are indic.ated, from Davies (2007).

Figure 2 . 8 :

 28 Figure 2.8: Format of the input file data used by the sky extraction software. The spectra from the fibers and their positions are stored in a FITS file.

2 :

 2 Default parameters of the sky background subtraction algorithm used for OPTIMOS-EVE • the number of sky fibers which are necessary to reach 1% of accuracy on the extraction of the sky-background;

2. 3 . 1 Figure 2 . 9 :

 3129 Figure 2.9: Flowehart of the simulator for the fiber-and IFU mode EVE observations.

  2.10. The spatial scale of the variation is set to T and the intensity peak-to-peak is 10% in optical and 20% in near-IR, see justification in Section 2.1.
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 210211 Figure 2.10: Simulated sky background fluctuation surface. The dimension of the field-of-view is the same as those of EVE. The fluctuation has a spatial scale of one arcmin and an intensity peak-to-peak of 20% (near-IR observation).

Figure 2 . 12 :

 212 Figure 2.12: Interactive widget for the construction of fake MO and MI observations. Left: Widget for the MO mode. The red dots are sky fibers and the white fibers dedicated to object observations. The white squares represent the limit of the EVE field-of-view. Right: Widget for the mode MI. The white dashed spaxel are associated to sky and the dark are associate to an object.
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 32 Results of the benchmark study Accuracy of the sky background extraction As refereed previously, the main motivation to the implémentation of a new sky subtraction algorithm is to achieve the extraction of the sky continuum with an accuracy <1% required by the EVE science cases. I hâve thus tested if the design algorithm can reach this mandatory requirement in both observational modes, MO and MI. The quality of the extraction is defined as the residual between the input and the recovered sky surface. In the MO mode, the quality of the sky-continuum surface reconstruction dépends on the number of dedicated sky fibers and how they are distributed in the field-of-view. I hâve tested the quality of the sky background extraction as a function of the number of dedicated sky fibers. For a given number of sky fibers, I hâve simulated 50 observations of one hour exposure with sky fibers randomly distributed in the field of view and measure the accuracy of the sky-background extraction in the central 5' x 5' région of the field-of-view. Fig. 2.13 illustrâtes the results of the Monte-Carlo simulations. The médian value of the accuracy over the 50 itérations has been plot

Figure 2 .

 2 Figure 2.13: Right panel: Accuracy of the sky background subtraction as a function of the number of dedic.ated sky fibres for the optical (blue) and near IR (red) wavelength domain. Left Panel: Quality of the extracted sky background in the MO mode at visible wavelengths (%). Simulations were done on a field of 7x7arcmin with 91 fibres randomly distributed on the sky. 110 objects fibres hâve been also distributed in the field of view. The accuracy of the sky background extraction in the object fibre is less than 0.9%.

Figure 2 .

 2 Figure 2.15: Simulation of 82 galaxies at z=8.8 in the J-band observed during 40 hours in the MO mode with GLAO. Ail galaxies hâve a continuum in the J-band of m(AB)=28 and the Lyman alpha line has an integrated flux of 1 x 10~19 ergs/cm2/s and a fwhm=150km/s. Left panels: The Lyman alpha line detected after sky background subtraction in different fibers (black line). The input spectrum is shown as reference (red line). The quality of the détection dépends on the quality of the sky background subtraction at the location of the fibre. Sky émission Unes hâve not been subtracted. Two sets of sky lines are visible at 1184-1187nm and 1193-1195nm. Right panel: Show the EVE field-of-view and the observational setup. The sky has been sampled with 120 fibers (half of the total number of available MO bundles; see open circles). The 82 simulated galaxies are shown as blue stars, while the red stars correspond to the fibers shown in the left panels.

Figure 2 .

 2 Figure 2.16: Simulation of a z=8.8 galaxy observed in the J band during 40 hours in the MI (left panels) and MO+GLAO (right panel) modes. The galaxy has a J-band continuum of m(AB)=30, 28, and 28, respectively, and the Lyman alpha line has an integrated flux of 1 x 10"19 ergs/cm2/s with FWHM=150km/s. Left and middle panels: the Lyman alpha line is detected in the binned central spaxels of the IFU after sky background subtraction (black line). The target illuminâtes nine central spaxels that hâve been summed up. The remaining spaxels are used for sky sampling. Right panel: simulation of observations in the MO mode of the Lyman alpha line. The observational setup is the same as the one described in Fig. .

T

  am a shooting star leaping through the sky Like a tiger defying the laws of gravity F am a racing car passing by like lady GodivaF am gonna go go goThere's no stopping me F am burning through the sky yeah! Two hundred degrees That's why they call me mister Fahrenheit F am traveling at the speed of light I wanna make a supersonic man out of y ou " luminous events originated by a stellar explosion. According to their spectral features supernovae are classifîed into two main categories: Type II. which show hvdrogen features in the spectra and type I with no hydrogen lines. Type I hâve a sub-classification according to the presence of spécifie spectral features. For example, type la supernovae (SNe la) are characterized by the presence of the Si II 615.0 nm absorption line, see figure1.1. Contrary to the other supernova types, which are originated by core-collapsing stars, SNe la are generally considered to be the resuit of the thermo-nuclear explosion of a white dwarf(s)[START_REF] Hoyle | Nucleosynthesis in Supernovae[END_REF][START_REF] Erratum | Nucleosynthesis in Supernovae[END_REF]. SNe la produce consistent peak luminosities around My = -19 mag and hâve characteristic light curves (luminosity as a function of time). Due to the uniformity of their observed properties, Type la Supernovae hâve been used as standard candies and hâve played a central rôle in modem cosmology in the last decade. I will discuss in more detail on the progenitor nature of SNe la in section 1.3 of this chapter.

Figure 1 . 1 :

 11 Figure 1.1: Spectra of SNe showing the main characterist.ics of the four Supernovae types and subtypes.t is the time after B max, r is the time after core collapse and the units of fv are in ergs s-1 cm~2 Hz~l.FromFilippenko (1997), fig. 1. 

  the Hubble relation for SN la. Their results led to a striking conclusion. Contrary to the prédictions based on the Einstein-de Sitter Universe, both groups found that the Universe is accelera.ting. The data put on evidence a nonzero dark energy driving the expansion of the Uni verse. Independent observations from the Cosmic Microwave Background CMB[START_REF] Bennett | First-Year Wilkinson Microwave Anisotropy Probe (WMAP) Observations: Preliminary Maps and Basic Results[END_REF][START_REF] Komatsu | Seven-Year Wilkinson Microwave Anisotropy Probe (WMAP) Observations: Cosmological Interprétation[END_REF] and large scale structures[START_REF] Peacock | A measurement of the cosmological mass density from clustering in the 2dF Galaxy Redshift Survey[END_REF] hâve confirmed the discovery. At the présent date, the assumed set of cosmological parameters correspond to a flat A-CDM cosmological model with Ho=70km s-1Mpc_;L, Qm = 0.263 ± 0.042(stat) ± 0.032(sys),

Figure 1 . 2 :Figure 1 . 3 :

 1213 Figure 1.2: Upper panel: light-curves in B band of the Calan/Tololo SNe la sample. SNe la hâve a very homogenous light-curve shape. The observed scatter of peak luminosity can be reduced by the stretch correction. Lower panel: light curve corrected by the stretch-factor. From[START_REF] Perlmutter | Supernovae, Dark Energy, and the Accelerating Universe[END_REF] 
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 314 Figure 1.4: Left: The Delay Time Distribution (DTD) for a two-channels scénario, in which the contribution of a prompt and a long channels are equal, from[START_REF] Mannucci | Two populations of progenitors for Type la supernovae?[END_REF]. Right:Observed DTD for a sample of local late-type SN la host, see[START_REF] Perlmutter | The Supernova Cosmology Project. Cosmology From Type IA Supernovae: Measurements, Calibration Techniques, and Implications[END_REF] 

  many other), do evolve strongly with lookback time. Any explosion or progenitor parameters that correlate with redshift (âge, metallicity, pro duction channel) will bias the détermination of the cosmological parameters derived from SNe la.[START_REF] Drell | Type IA Supernovae, Evolution, and the Cosmo logical Constant[END_REF] hâve explored the influence of an evolving luminosity peak with redshift on the détermination of the cosmological parameters. They show that the détermination of the SNe la évolution and the cosmological parameters is degenerated. To break the degeneracy, the dependence of the supernova properties on the progenitor properties, explosion mechanisms and possible évolution with redshift hâve to be completely understood. For instance, Hoeflich et al.(1998) point out that a change if metallicity (C/O ratio) by a factor of three leads to an exchange of the peak magnitude by ~0.3 mag. This value is comparable to the effect of changes in Qji/, Q.\ parameters for SNe la at z>0.5. However, Dommguez et al. (2001) found an upper limit of 0.07 mag for the dependence of SNe la magnitude 011 the progenitors metallicity for z<0.02. The measurement of the slope of the residuals in the Hubble diagram as a function of metallicity for a large SNe la data set is of crucial importance to reveal the physics of the explosion and to control possible systematics[START_REF] Bravo | Metallicity as a Source of Dispersion in the SNIa Bolometric Light Curve Luminosity-Width Relationship[END_REF].

(Figure 1 . 5 :

 15 Figure 1.5: From Sullivan et al. (2006). Contribution of the prompt and delayed channel as a function of the redshift. The crossover point between the two channel is expected to be around 2 ~0.5-0.9

  and GEPI-Paris. The team is compounded by A. M. Mourâo and V. Stanishev from CENTRA and H. Flores from GEPI and myself (CENTRA & GEPI). We hâve combined the two main compétence of the two labs, namely observational cosmology with SN la in CENTRA and the observations of galaxies in GEPI, into a synergy project for the study of SNe la hosts and the properties of the SN environment. We aim to perforai a large survey study of local SNe la hosts. In this chapter, I présent the results of the pilot observational run carried out with PPAK/PMAS intégral field spectrograph at Calar Alto observatory in November 2009.

  aim of the large survey for SNe la hosts is to use 3D spectroscopy at intermediate spectral resolution to study the properties of the gas and the stellar populations of a sample of about 50 galaxies hosting well-observed SNe la. Only galaxies in the Hubble flow with redshift z > 0.02 Chapter 2.
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 21 Figure 2.1: Screenshot of the SN la host webpage.
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 22 Figure 2.2: Geometrical layout and size of the central hexagonal IFU (331 fibers) and six surrounding sky fiber bundles (each consisting of 6 fibers). Only open plot symbols are optically active fibers, filled circles are indicating auxiliary fibers which were employed in the manufacturing process for mechanical reasons.

  subtraction, cosmic ray correction, tracing and extraction, wavelength and distortion calibration, sky subtraction and flux calibration, reconstruction of the datacube. The fluxes hâve been calibrated using standard spectrophotometric stars. Each individual science pointing has been reduced independently and then combined into a final 3D datacube and finally corrected for atmospheric diffraction. According to Roth et al. (2005); Kelz et al. (2006) the final spatial sampling of the datacube when using a 3 dithered-pattern is Uxl". However, as the mean seeing during observation was 2'', we hâve set the final spatial sampling of the cube to a square pixel of 2" x 2". This operation does not downgrade the spatial résolution since we are limited by the seeing and it has the advantage to increase the signal-to-noise in each spaxel. A complété description of the data réduction procedures will be available inStanishev et al. (in prep).

  and the underlving Balmer absorption is negligible. Each individual rest-frame spectra has been fitted with the Starlight software (Cid Fernandes et al., 2005) using a base of 3 metallicities x 15 âges templates from Chariot & Bruzual (in prep. hereafter CB07), see fig. 2.3. The new models of CB07 use the stellar library of MILES (Sanchez-Blazquez et al., 2007) which hâve the advantage to not be affected by the same flux problem around the HQ fines as the previous Bruzual and Chariot (2003) models, see Introduction part section 3.2.1. The régions with émission fines, strong sky fines and the red-end of spectra21 hâve been rnasked during the fit. The continuum has been subtracted in each spaxel spectrum which verify the S/N condition.

Figure 2 . 3 :

 23 Figure 2.3: In black, the spectrum from a spaxel of the SN 2007R host. In red, the synthetic continuum spectra estimated from the semi-empirical models of Chariot & Bruzual using the MILES stellar library (CB07).

  to search for possible AGN contamination and spatial variations of the ionization parameter Spaxels which fall in the AGN area of the diagnostic diagram hâve been excluded in the dérivation of the metallicity maps. We use the délimitation of Kauffmann et al. (2003b) and Kewley et al. (2001).

  stellar mass and a first guess of the velocity field hâve been derived following Cid[START_REF] Fernandes | Semi-empirical analysis of Sloan Digital Sky Survey galaxies -I. Spectral synthesis method[END_REF], as described bellow:• The mean light-weighted stellar âge < Logt* >1. This quantit.y is very sensitive to the presence of young and massive stars in the galaxy sinc.e these stars are the main contributors of the light at optical wavelengths. Low values of < Logt* >l indicate for recent. star-formation épisodes, while high values reflect the presence of very old stellar 22See Chapter 6 for a complété description and discussion of the limitation of the method.
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 3 Data réduction and analysispopulation without any recent star-formation burst. The mean light-weighted stellar âge is derived from the light-fraction population, Xj, and the respective âge t+j of the stellar population of the model templates, by: light-weighted stellar metallicity < Log Z* >i. This quantity traces the metallicity of the more recent and luminous stars. As the mean light-weighted stellar âge, the mean stellar metallicity can be measured from the metallicity of the stellar population Stellar extinction, Ay*. The stellar extinction derived by the Starlight software corre sponds to the global extinction inferred from the stellar continuum.

  and a Sa(rs)c in De Vaucouleurs classification. The color image of NGC 976 from the SDSS is shown in fig.2.4. The field-of-view of the PPKA observation is delimited by a orange line. The inner ring is visible at less than 5" from the red bulge.
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 2425 Figure 2.4: Color image of NGC 0976 from SDSS. The field-of-view of PPAK is represented by a orange hexagon.
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 26 Figure 2.6: Velocity dispersion from ionized gas derived from the Ha line.

Figure 2 . 7 :

 27 Figure 2.7: Left: Extinction from the Balmer décrément H(3/Ha. Right: Extinction from the fit of the stellar continuum.

Figure 2 . 8 :

 28 Figure 2.8: Diagnostic diagram showing the délimitations of Kewley et al. (2001) in dot-line and Kauffmann et al. (2003b) in dashed-line. There is no evidence for the presence of a AGN.

Figure 2 .

 2 Figure 2.9 shows the [OU]A3727Â/[OUI]A5007Â ratio map. This ratio is proportional to the ionization parameter and it has the advantage to be less affected by the extinction than the [OII]À3727A/NIIÀ6784A ratio, which is also used in the literature for probing the ionization parameter. In figure 2.9 right panel, I présent the map of the [SII]ÀA6716,6731A doublet ratio.
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 29 Figure 2.9: Right: OII/OIII ratio which is proportional to the ionization parameter. Left: The

Figure 2 . 10 :

 210 Figure 2.10: Left: the [OI]A6300À/i//?A vs [OII]A3727Â//7/3 diagnostic diagram proposed by Fesen et al. (1985) to detect shocks in the ISM. Points falling in the area at the right of the de-limitation (red dashed line) hâve shock. Ail the spaxels with a S/N>10 hâve been plotted (black circle). Right: The flux map of the [01] 6300 A émission line. The presence of this line is a good estimation of the presence of shocks in the ISM. The [OI] is detected in the center and star-forming région (arms and ring).
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 211 Figure 2.11: Left: Ha flux map. Right: SFR from Ha corrected from extinction. The SN is located in the star-bursting ring.

Figure 2 . 12 :

 212 Figure 2.12: Left: 12+log(0/H) map derived from the 03N2 parameter and the calibration of Pettini and Pagel (2004). Right: 12+log(0/H) map derived from the R23 parameter and the Tremonti et al. (2004) calibration.

  mented a new method to dérivé the stellar population and stellar mass by fitting a combination of stellar population templates to broad-band photometry. I aimed to break the degeneracies inhérent to this problem by adding the SFR as a new constrain. The SFR allows us to con strain the number of young stars in the System. However, adding the SFR constraint introduces a plethora of local minimum to the minimization problem turning the localization of the best solution difficult with conventional code based on the gradient or Hessian function. Therefore, I hâve used a metaheuristic approach, the Swarm intelligence algorithm, to find the global so lution of the optimization problem. The preliminary tests on fakes galaxies are promising: the stellar masses are recover within a random uncertainty of drO.ldex independently of the SFH.

  working on the phase-A of OPTIMOS-EVE. a fiber-fed visible-to-near infrared multi-object spectrograph design for the E-ELT. My work in the OPTIMOS-EVE consortium was to define a strategy to résolve the critical issue of sky subtraction. The currently existing algorithm and observation strategy of sky subtraction in fiber-fed instrument can hardly reach 1% of accuracy for estimating the sky background, while the EVE science case requires an accuracy < 1%. I hâve developed a new technique of sky extraction based on the reconstruction of spatial fluctuations of the sky background (both background and émission). Using Monte-Carlo simulations, I hâve demonstrated that this algorithm can reach an accuracy similar that provided by slit spectrographs. This is due to a careful reconstruction of a sky continuum surface as a function of wavelength using dedicated sky fibers distributed over the whole instrument field-ofview. This makes it possible to interpolate the sky contribution at the location of the science channels with good accuracy. Objects as faint as fiya = 1 x 10~19 ergs/cm?/s and mcont = 30, which fairly represent z=8.8 Lyman-alpha emitters, should be détectable by the IFU mode of OPTIMOS-EVE within 40 hours of intégration time.

Figure 2 .

 2 Figure 2.13: (a) Composite HST/ACS image in V-B-I-Z bands of The Firework galaxy. The white dashed square represents the région previously observed with the GIRAFFE IFU. The grid delimit the région planned to be observed with the ARGUS IFU. (b) Central part of the galaxy with the GIRAFFE/IFU région overplotted. (c) Velocity field (d) cr-map , the dispersion peak is offset from the center of the galaxy. (e) S/N map for the GIRAFFE pixels.

  growing consensus that most of the décliné of starformation density since z = 1 is related to the strong évo lution in the intermediate-mass galaxy population, with Mstei from 1.5 to 15 x 1010 M© (Hammer et al. 2005; Bell et al 2005). At intermediate redshift these galaxies are progenitors of présent day spirals. This work belongs to a sériés of studies on * Intermediate MAss Galaxv Evolution Sequence. ESO programs 174.B-0328(B). 174.B-0328(F). 174.B-0328(K). 66.A-0599(A).intermediate-mass galaxies at z ~0.6, in the framework of the large program IMAGES (Intermediate MAss Galaxy Evolution Sequence). In Paper I (Yang et al 2008), we présent the 2D kine matics of a représentative sample of 65 galaxies and put into evidence the high fraction of non-relaxed galaxies at this red shift. In Paper II (Neichel et al 2008), we establish a morphokinematical classification and find a strong évolution of the frac tion of well-relaxed spiral rotating disk in the last 6 Gyr. We also point out that intermediate-mass galaxies hâve doubled their stellar mass since z ~0.6 according to the évolution of the Article published bv EDP Sciences Tully-Fisher relation found in Paper 3(Puech et al 2008). As a whole. this sériés of papers has shown that intermediate-mass galaxies hâve undergone a strong évolution of their kinematical and morphological properties since z ~0.6. These results reveal the agitated history of spiral disk galaxies over the last 6 Gyr.The évolution of the métal content of the gas in galaxies is a useful tool to probe various galaxy évolution scénarios. In fact, the stellar mass-metallicity relation (M-Z) can help to disentangle the contribution of several processes taking place during galaxy évolution such as the star-formation history. outflow powered by supemovae or stellar winds and infall of gas by merger or secular accretion. In the local Universe the M-Z relation has been widely studied since[START_REF] Lequeux | Chemical composition and évolution of irregular and blue compact galaxies[END_REF].Tremonti ei al (2004) performed a reliable estimation of oxvgen abundance and stellar mass for 53 000 star-forming galaxies from the SDSS.

ibrations such as 7 ?

 7 23 which uses [O ni], [O II] and Hfi or NI. which uses [N n] and Ha. Several parameters alfect the measurement of line ratios: extinction and underlying Balmer absorption in the case of /?23-the unknown contribution of primary nitrogen production as a function of the metallicity for N2, and for both parameters the spectral resolution. Liang et al (2004b) emphasized the necessity of a spectral resolution of R > 1000 and a S /N > 10 to recover robust physical quantities from spectra.There are still few studies reaching the spectral quality necessary to estimate reliable métal abundances for intermediate redshift galaxies. The data from the Keck Redshift Survey are limited by the absence of flux calibration, making it impossible to estimate the extinction. Moreover. metallicity estimated using the équiv alent widths produces systematically higher métal abundances(Liang et al. 2006).[START_REF] Savaglio | The Gemini Deep Deep Survey. VII. The Redshift Evolution of the Mass-Metallicity Relation[END_REF] observed 56 galaxies from the Gemini Deep Deep Survey with flux-calibrated spectra. but the S /N of the data were insufficient to measure extinction for individual galaxies.The aim of this paper is to obtain a robust M-Z relation for a reasonably large sample of intermediate mass galaxies at z ~0.6. In this paper, we hâve followed the methodology proposed byLiang et al (2006) consisting of a précisé estimate of the extinction and underlying Balmer absorption in order to obtain reliable 7?23 abundance déterminations. The high qual ity spectra were taken with the VLT/FORS2. The paper is organized as follows: Sect. 2 describes the observational data and discusses the completeness of the sample. In Sect. 3, we outline the methodology followed to estimate extinction, star-formation rates and metallicities, as well as détermine the contribution of AGN. Results concerning the évolution of the M-Z relation and the effect of galaxy morphology are given in Sect. 4. In Sect. 5, we discuss systematic effects and the implication of our results for the closed box scénario. We summarize our conclusions in Sect. 6.

Fig. 1 .

 1 Fig. 1. Redshift distribution (bin = 0.02) of the FORS2-IMAGES sample. including the classes 2(secure). l(insecure) and 9(single line).

Fig. 2 .

 2 Fig. 2. Number counts (on a logarithmic scale) of selected galaxies ver sus AB absolute magnitude in A'-band. The black histogram refers to sample A + B galaxies. The luminosity function derived from Pozzetti et al (2003) at z = 0.50 is plotted with a dashed line and at z = 1 with solid line. The red vertical line represents the limit of 85% completeness.

Fig. 3 .

 3 Fig.3. Rest-frame spectrum of one of the sample A galaxies. J033210.92-274722.8. Grey boxes delimit the wavelength région where spectra may be affected bv strong skv lines. Top panel: spectrum with the location of strong émission Unes. Bottom panel: spectrum and synthetic spectra using[START_REF] Jacoby | A library of stellar spectra[END_REF] templates plotted with dashed line. The position of the absorption lines are marked with dashed vertical lines.

  et al(1984) stellar library, including B to M stars (e.g. B. A. F, G, K and M) with stellar metallicity. Spectra and stellar tem plates hâve been degraded to the same spectral resolution of 8 Â.The smoothing of the spectra emphasises the absorption features used in the fit. Only the continuum and absorption lines hâve been smoothed in the galaxy spectra. We hâve convolved the continuum, except at the location of émission lines. using the software developed by our group(Hammer et al 2001 ). The best fit was obtained with the STARLIGHT software (Cid Fernandes ei al 2005). ACardelli et al (1989) reddening law' lias been assumed. A rest-frame spectrum of one typical galaxy of our sam ple. J033210.92-274722.8, is given in Fig.3.

  We hâve measured extinction by two methods in sample A: the Balmer décrément and IR/H/3 energy balance (Liane et al 2004a). Comparing the two values, we can check the reliability of our methodology and avoid systematic effects on abundances due to a bias in the extinction évaluation.

  -V)R = {cR)/\.41 where R = 3.1. The médian ex tinction of the sample is Av = 1.53.Because of large uncertainties related to the measurement of the Hy line, we needed to verify the quality of our derived extinc tion. Another method to evaluate Ay is from the infrared and optical SFR. Indeed. when dust extinction is taken into account. the SFR}\a is in good agreement with SFRm[START_REF] Flores | Star formation rates of distant luminous infrared galaxies derived from Ha and IR luminosities[END_REF]). The ratio of the uncorrected extinction SFRhq and SFR\r allows us to estimate the amount of extinction. The two SFR hâve been computed assuming the Kennicutt (1998) calibrations and both use the same Salpeter initial mass function (IMF)(Salpeter 1955).The Ljr is estimated from the[START_REF] Chary | Interpreting the Cosmic Infrared Background: Constraints on the Evolution of the Dust-enshrouded Star Formation Rate[END_REF] relation and 24/rm observations(Le Floc'h et al. 2005). The L\\Q has been estimated from the flux of H/3 and assuming H0 /Fl/3 = 2.87(Osterbrock 1989). The H/3 flux was corrected by an aperture factor derived from photometric magnitudes at 7Ab and VAB and spectral magnitudes. Finally, the ratio was corrected using the average interstellar extinction law:

Fig. 4 .

 4 Fig. 4. Relation between the extinction Av values derived from the Balmer décrément and by SFR]R and SFRH<J)C ratio. We plot the 37 galaxies from Sample A having reliable Hy détection and the 13 galaxies from Sample B with AvdBalmer) and Ay(IR) measure ments. The objects with infrared détection are plotted with filled red circles. The arrows are the 21 objects the Sample A with only Ay(IR) upper limit estimations. The two dashed lines refer to the results with ±0.64 rms. The lower right image in the graph is the combined ACS/HST image in B. V and / band of the edge-on galaxv J033212.39-274353.6.

Fig. 5 .

 5 Fig. 5. Diagnostic diagram for the Sample A. Galaxies with onlv Av(IRto) are plotted with down arrows. The objects with log([Neiil]/l3868/[Oll]/I3727)>-1.3 are plotted with red dots. The solid line shows the theoretical sequence from McCall et al (1985) for extra-galactic HII régions. The dashed line shows the photo-ionization limit for a stellar température of 60 000 K and empirically delimits the Seyfert 2 and LINER from the H II régions. The dot-dashed line shows the démarcation between Seyfert 2 and LINERs from Osterbrock (1989).

Fig. 5 .

 5 Fig. 5. We hâve found 10 objects in the LINER and Seyfert 2 région of the excitation diagram: J033214.48-274320.1,

Fig. 6 .

 6 Fig.6. Diagnostic diagram for Sample A. The doted line shows the limit of the région occupied by star-forming galaxies from[START_REF] Kewley | Optical Classification of Southern Warm Infrared Galaxies[END_REF]. The dashed line represents the empirical démarcation separating star-formation galaxies from AGN fromKauffmann et al (2003).

  distributed. The error budget of émission line flux includes con tributions from the sky and the object. We hâve propagated this error on the Hy/Hfi line ratio to estimate the error on Ay(Balmer). For Av(IR) the error has been estimated taking into account the error on the IR luminosity and the Poisson noise of the H/? line. As the error on Av(Balmer) is dominated by the er ror on the Hy line, we can assume that the errors on Av(Balmer) and Ay(IR) are not correlated. Titus, the error of the final ex tinction dépends on the error of the two extinction estimâtes. The errors of line ratios and metallicity hâve been calculated by Monte-Carlo simulation taking into account the error on extinc tion and the sky error on line flux. 4. Stellar mass -metallicity relation and its évolution 4.1. The stellar mass -metallicity relation atz~0.7

7 .

 7 Given the small range in stellar mass covered by our sample, it was not possible to constrain the évo lution of the shape of the M-Z relation at z ~0.7. Thereafter, we assumed that the slope of the M-Z relation remained unchanged compared to the local relation. At z ~0.7 the local relation found by Tremonti et al (2004) is shifted to lower metallicity by A[ 12 + log (O/H)] = 0.31 dex ± 0.03. For each galaxy we cal culated the différence between its metallicity and the metallicity given by the Tremonti et al. (2004) relation for its stellar mass. The offset of the z ~0.7 relation is the médian of this différence.
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 7 Fig. 7. Stellar mass-metallicity relation for the SDSS galaxies in con tours and dots U = 0. Tremonti et al 2004. Bell et al. 2003. see text) and the 88 intermediate-z galaxies: sample A's in red circles and sam ple B in red crosses. Galaxies with masses lower the completeness limit log M.^eiiar < 10 are plotted with open svmbols. The objects in sample A with log 7?23 > 1 are plotted as small pink triangles and those detected as possible AGN are plotted as blue triangles. The typical error bars for bin 1, bin 2 and bin 3 are plotted on the right. The red line indicates the médian of the intermediate-c relation.The green line represents the local relation fit found by Tremonti et al. (2004). The shift between the local relation and our data sample is A[12 + log (O/H)] =-0.31 dex ±0.03.

4. 2 .

 2 Evolution to high redshift of the stellar mass -metallicity relation One of the aims of our work is to robustly establish the évolution of the M-Z relation. We first searched for a redshift évolution of the métal content in galaxies inside the sample of intermediate redshift galaxies. As sample A 4-B covers a large range in red shift, from z = 0.4 to z = 0.95, we hâve split it into 3 redshift bins: 0.4 < z < 0.55. 0.55 < z < 0.75 and 0.75 < z < 0.95. In each redshift bin, we measured the médian shift of the local rela tion toward lower metallicity. The error of the médian offset was calculated by a bootstrap method. Figure 8 shows the évolution of the M-Z relation along the 3 redshift bins. The médian offsets from the local relation in the 3 bins are given in Table

-

  [START_REF] Liu | Metallicities and Physical Conditions in Star-forming Galaxies at z ~1.0-1.5[END_REF] published the mass-metallicity relation for 20 galaxies from the Deep 2 Galaxy Redshift Survey at 1.0 < z < 1.5. We only considered the 7 galaxy spectra having individual oxygen mesurements. As only [O III]. HJ3, [N II] and H0 émission line measurements were available from the NIRSPEC/Keck observations, the N2 paranteter was used with the Pettini & Page] (2004) calibrator to estimate metallicity. The stellar masses were calculated from /f-band photometry and the procedure proposed by Bundv et al (2005).

(

  2004) calibration. Three samples use the N2 parameter to evaluate the oxygen abundance. Unfortunately. metallicity estimation based on N2 and R23 can give strongly discrepant results and thus cannot be directly compared. Tlte N2 parameter has several disadvantages: the [Nn]/H0 ratio saturâtes at 12 + log(0/H) > 8.8 and becomes insensitive to the métal abundance. Furthermore. it is very sensitive to the ionization parameter and the contribution of the primary and second nitrogen whose évolution is not yet well constrained. To compare the galaxy metallicities using the N2 parameter we decided to re-evaluate the metallicities using the Demcolo et al (2002) calibration. This calibration is similar to the Tremonti et al. (2004) and other R23 based calibrations in the working range 8.4 < 12 + log(0/H) > 8.7 (Kewley & Ellison 2008; Tremonti et al. 2004). For the galaxies in the sam ple A + B having [N n] measurements, we compared the metal licity to those of several N2 calibrations. We confirmed that the Denicolo et al. (2002) calibration gives similar results to the abundances estimated in this work. The M-Z diagram for the lo cal. intermediate and high redshift samples are plotted in Fig. 9. We hâve measured the médian offset of the local relation and the associated error in ail the high-z samples. The offset A(0/H) for the 3 redshift bins of the intermediate galaxies and for the four high-z samples are plotted in Fig. 10 as a function of the lookback time. We found that the évolution of the mean metal licities from the local Universe to a lookback time of ~12 Gyr is linear and with a slope given by: logZtb/Zo = -0.046 x tGyr. (5) If the Pettim & Pagel (2004) values are used for metallicity es timâtes of high-z samples, the évolution remains linear with a slope of -0.051. For comparison we overplot the metallicity évolution extrapolated by Savaglio et al. (2005). Tire empirical évolution model was constructed by shifting the local M-Z re lation in log Mste]iar contrary to current work where the shift has been evaluated in tenus of metallicity, for the reasons explained above. Their empirical model is concordant with a closed box model with an exponential star formation efficiency. We discuss in Sects. 5 and 6 the discrepancy between our observations and those of Savaglio et al (2005), as well as the conséquences for our understanding of the évolution of the M-Z relation.

LogFig. 9 .

 9 Fig. 9. Stellar mass-metallicitv relation for the SDSS galaxies in con tours and dots (z = 0. Tremonti et al 2004; Bell et al 2003) and the 58 intermediate-z galaxies above the completeness mass limit in red filled circle. Galaxies below the completeness mass limit are plotted with red open circles. The local relation is plotted in green (Tremonti et al 2004) and the médian of the intermediate-z relation is in red. The 7 individual galaxies at z > 1 of Liu et al. (2008) are plotted as black triangles. The two z > 2 samples are plotted in blue: inverted blue triangles indicate the 7 star-forming galaxies of[START_REF] Shapley | Evidence for Solar Metallicities in Massive Star-forming Galaxies at z > 2[END_REF]; blue stars indicate the 5 stellar mass bin ofErb et al. (2006). The z > 3 sample of[START_REF] Maiolino | The évolution of the massmetallicity relation at z[END_REF] is plotted in green squares.
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 210 Fig. 10. The metallicity shift from the local relation of the 4 high-z samples as a function of the lookback time is plotted as black open squares. The metallicity shift for the 3 redshift bins of the IMAGES sample are in black squares and the 5 high-z data points verifying A[12 + log (O/H)] = 0 at z = 0. The évolution found by Savaglio et al. (2005) in the frame of a closed box model is indicated with a dashed line for log Afslenar = 10.45 galaxies.

  example, an underestimation of 1.5 mag in extinction leads to an overestimation of ~0.15dex in oxygen abundance. Several works hâve assumed an average extinction to correct spectra of galaxy delimiting a large range in stellar mass. However. there is a corrélation between mass and extinction(Liang et al 2007): massive galaxies hâve higher extinction. Assuming a médian ex tinction leads to an overestimation of the metallicity in massive galaxies and an underestimation in low mass System. At z ~0.6, LIRGs which hâve a high content of dust and gas represent 15% of the intermediate mass galaxy population. Extinction is ex pected to hâve a large impact on any abundance estimate at this redshift.

  et al. (2007) simulated the évolution of the M-Z relation from the présent to z = 3. They predict very little évolution of the relation of only -0.05 dex since z = 3 and that massive galaxies with Msteiiar > 3x 1010 MQ reached the local relation well before z = 1.

Fig. 12 .

 12 Fig. 11. M-Z relation for starburst galaxies at z -0.6 and local LIRGs from Rupke et al (2008). The symbols used in this plot are the same as in Fig. 9. The local LIRGs are plotted as black stars.

(Fig. 11 )

 11 Fig. 11 ) hâve a deficiency in métal compared to other local galaxies and delineate the same locus in the M-Z relation as the high-z starbursts & LIRGs. Both populations show a large and similar dispersion of their metallicity at a given

Figure 12

 12 Figure12shows the distribution of doubling times for local LIRGs[START_REF] Rupke | The Oxygen Abundances of Luminous and Ultraluminous Infrared Galaxies[END_REF] and IMAGES galaxies. In order to properly compare the two samples. we used the same stellar mass range to avoid biases (e.g. shorter doubling time of low

  gas from the outer régions to fall into the merger central région, providing dilution of the métal abundance. The input of gas powers the star formation and dilutes metals at the same time, explaining their location in the M-Z relationship. Independently, Hammer et al. (2005) suggested a scénario in which présent spiral galax ies are built by the graduai infall of the gas being expelled during the first stages of a major merger. Both scénarios are based onsupply of unprocessed gas from the outskirts of encounters dur ing a merger event. For both cases, outflows are unlikely to be the cause of the gas dilution as they may be dominated by a neutral phase with the métal abundance of the central régions[START_REF] Rupke | The Oxygen Abundances of Luminous and Ultraluminous Infrared Galaxies[END_REF](Rupke et al. .2005)).Because distant starbursts & LIRGs are a common phenomenon in the distant Universe. a merger scénario to explain their properties may hâve a considérable impact on the formation of present-day spirals. This promptedHammer et al. (2005) to propose a scénario of disk rebuilding for the majority of spirals galaxies. Recent simulations ofLotz et al. (2008) indicate that the majority of mergers can reconstruct a low mass star-forming disk. Moreover. the large dispersion in metallicity we observed at intermediate redshifts is qualitatively consistent with the diversity of galaxy-building historiés within the framework of a merger scénario.

  itv spectra and moderate resolution to establish a robust study of the stellar mass-metallicity relation at z ~0.6. Métal abundances hâve been estimated following a careful analysis of each individual spectrum: évaluation of underlying absorption in Balmer lines by stellar continuum subtraction, robust extinction measurement and évaluation of AGN contamination.

  of spiral galaxies hâve their disks rebuilt through an infall of the gas which has been previously expelled in the first stage of a gas-rich merger. Local LIRGs are in this case latecomers of the starburst/LIRG population prédominant at z ~0.6. A better understanding of the kinematics and metallicity of galactic halos in gas-rich Systems at intermediate redshift is needed to disentangle the origin of the external gas supply.1. IntroductionDisk galaxies constitute the majority of the galaxy popula tion observed in the local universe. They represent 70% of intermediate-mass galaxies (stellar masses ranging from 3 x 1010 to 3 x 10" M0), which themselves include at least twothirds of the present-dav stellar mass density (e.g.,Hammer et al 2005). A model of disk formation developed by[START_REF] Fall | Formation and rotation of dise galaxies with haloes[END_REF], assumed that formation results from gas cooling and condensation in dark haloes. Their angular momentum would hâve been acquired during early interactions(Mo et al 1998) and later the disks may hâve grown smoothly by gas accre tion. Such a model successfully reproduces fiat rotation curves but faces a difficulty in reproducing the angular momentum of galactic disks: simulated galaxies hâve too small angular mo mentum (e.g.,Steinmetz & Navarro 1999). However, the secular model of disk formation is consistent with observational studies of the Milky Way. It originates from early studies of the Milky

  Could we observe rebuilt disks and what would be their properties? If most of the mergers occur at z = 0.8-2 (e.g.,Rvan et al 2008), a quite significant population of merger remnants should exist at z = 0.6 or even at z = 0.4: the typical remnant timescale is found to be ~2 Gyr. according to numerical simu lations (e.g.,Robertson et al. 2006), far longer than the characteristic time for a true pair to merge. As they should form stars rapidly, they are probably dusty and thus difficult to detect with moderately deep imagery. The optical disk of the Milky Way (defined to be 3.2 times the disk scale-length) would be detected out to z = 0.4-0.5 (redshifted R25 with S /N > 3 in a 1.5 resolu tion element) using HST/ACS imagery from GOODS. However. this does not apply for a disk enshrouded by dust, which can be detected only by far deeper exposures from the UDF. The VLT Large Program IMAGES (Yang et al 2008) is observing a représentative sample of ~100z = 0.4-0.75 intermediate-mass galaxies with Mj(AB) < -20.3. Four of these galaxies are located in the Hubble Ultra Deep Field, and for which we hâve the ultra-deep imagery from B to H band and kinematical data (from VLT/GIRAFFE). mid-IR data (from Spitzer) and deep spectroscopv (from VLT/FORS2). The HUDF galaxy analysed here is J033245.11-274724.0. at z = 0.43462. In Sect. 2, we describe its overall properties, in Sect. 3 we présent the data anal ysis and modelling. and in Sect. 4, we présent our conclusions about the nature of this object. Throughout the paper. we adopt Hq = 70 km s-1 Mpc-1, Qm = 0.3. DA = 0.7. and the AB mag nitude System. 2. Properties of J033245.11-274724.0 at z = 0.43462 J033245.11-274724.0 is a very compact galaxy with ?'haif = 1.7 kpc. It was firstly classified as a Tadpole due to its bright core and apparent coma-like shape (Neichel et al 2008), on the basis of imaging data from GOODS. It is a luminous. massive

  Figure 5 of Puech et al 2008) may be needed to recover the fiat part of the rotation curve: this is due to the fact that the relatively coarse spatial resolution of GIRAFFE observations results in a smearing of the velocity gradient within each pixel. J033245.11-274724.0 is an LIRG producing an enormous amount of stars, given its small size. We can estimate the global extinction of the System. Using the comparison of S FRjr with SFRs from H/3 and Ha provides cextinction = 1 -0 for both Orion and standard extinction curves. This value appears to be robust, since it coincides with the value obtained from Ha/H/3 and H/?/Hy ratios. Using the ratio of SFRs estimated at 2800 Â to SFR in the infrared. we find cextinction = 0.54 and 0.79, for the standard and the Orion extinction curves, respectively. This may favour the Orion extinction curve, and the contamination of the 2800 A continuum by an intermediate-age population may ex-plain the différences between the extinction estimâtes. The over all galaxy color is (/? -z)ab = 2.28, which at this redshift cor responds to that of a Sbc galaxy (see Fig.8ofNeichel et al. 2008). Applying the Orion extinction curve to the overall color of the galaxy résolves most of the discrepancy due to the gap be tween Sbc and pure starburst colours ((b-z)AB = 0.78). A similar exercise assuming the standard extinction curve would provide a dereddened colour bluer than that of a pure starburst, which is not plausible. In the following, we adopt an Orion extinction curve with cextinction = 1 0.

Figure 1

 1 Figure 1 compares the GOODS and UDF images and illus trâtes how vital the depth of UDF is for identifying the faintest structures in a dust-enshrouded galaxy. The global appearance of the galaxy consists of a central bulge with a small bar prolonged by very luminous arms, which are surrounded by a red disk. We used GALFIT to décomposé the z-band galaxy luminosity pro file (approximately rest-frame R) in individual components. The resuit is illustrated in Fig. 2. Given the appearance of the galaxy.

Fig. 2 .

 2 Fig. l.(b, v+i, z) colour-combined image of J033245.11 -274724.0 from GOODS (left) and UDF (right). assuming the same S /N background cut-off (S/N > 3). Onlv the depth of the UDF imagery allows us to dérivé robust parameters for the disk (PA. inclination, size): even at z = 0.4. dusty disks require extremelv deep exposures for such measurements. Notice the two small arms surrounding the bar near the centre that show a strong color différence suggesting the important rôle of dust extinction. The figure in the electronic version has a higher contrast.

Fig. 4 .

 4 Fig. 3. FORS2 spectrum of J033245.11-274724.0 after dereddening the continuum bv cexlincüon = 1.0 (Orion extinction curve). The spectral energy distribution can be reproduced (red line) by a set of models with stellar âges t from 0.25 to 1.2 Gyr assuming r (SFR -exp(-r/r)) from 0 to 5 Gyr.

Fig. 5 .

 5 Fig.5. Inclined-orbit model fromBames (2002) with time scaled for a fusion of two galaxies with half the mass of the Milky Wav. The arrows in the central panels (at 1.35 and 1.6 Gyr) indicate the gas motions and the exchanges of angular momentum after the merger. The orbital angular momentum is perpendicular to the observed plane, in contrast to the angular momentum of the progenitors (see panels at 0.25 and 0.8 Gyr), resulting in a face-on rotating disk at the end of the simulation. The bar and two armed System regulate the final disk rotation. Note that the rwo amied System does not rotate (compare panels at 1.6 and 1.8 Gyr).

3. 4 .

 4 Fig.4, bottom-right). These features do not follow the circular gas motions1, and their misalignment with respect to the disk mav be due to the fact that they originate preferentially in one of the two progenitors (seeBarnes 2002). Their main rôle is to funnel gas towards the galaxy to fuel the formation of the bulge and the disk. After disk stabilisation, they may disappear in the simulation. The global resemblance between the simula tions and the observations (morphology and kinematics) is rather striking. /V-body/SPH simulations byBarnes (2002) use a mini mum of prescriptions that may simplify this comparison by minimising the number of physical ingrédients. The predicted rebuilt disks inBarnes (2002) are indeed warped. and the kinematics of J033245.11-274724.0 (kinematical axis strongly offset from the photometric axis & velocity dispersion peaks) is clearly reproduced by simulations. We note that the example shown in Fig.4illustrâtes the gas component onlv. It can, nevertheless. be compared to the observed stellar distribution, since most of the émis sion in the J033245.11-274724.0System should be dominated by young and massive stars, of âges relatively small in comparison with dynamical timescales.

  excluded the two [SU] lines. since they exhibit a much larger shift, presumably due to the fact that they lie at the edge of the spectrum, where wavelength calibration may hâve failed.Examining the absorption lines of a reasonable S/N (Balmer H12 and Hll, Call K. Cal, Nal-Dl and D2), we find a larger scatter of 52 km s-1 as expected. The absorption and émission line System appear to hâve the same velocity, to within an uncertainty of 33 km s-1, a value far below the expected uncertainties dominated by absorption-line measurements (recall that the FWHM spectral resolution is 450 km s"1). The contribu tion of the ISM to the NaD lines may be evaluated followingHeckman & Lehnert (2000) from the expected relationship for typical stellar populations: EQW(NaD) = 0.75 x EQW(Mglb).

For

  J033245.11-274724.0, we find EQW(NaD) = 2.8À 'and EQW(Mglb) = 4.0 Â, which implies a negligible contribution from the ISM. From both tests, J033245.11-274724.0appears to

  half of the stars with âges lower than 800 Mvr merger remnant correspond to the merger time-scale during which these stars are formed 2008b) 1997) be part of theHeckman & Lehnert (2000) sample of "strong stellar contamination" starbursts, i.e. those showing no evidence of outflows. Examination of the emission-line profiles also show no evidence of an outflow. An absence of a significant outflow contribution is unsurprising given the high mass of the galaxy.

  remnant nuclei and not in the disk. On the other hand. in theLotz et al (2008b) réalisations several merger remnants hâve the appearance of Sbc galaxies. A full quantitative model of this source would be highly désirable to investigate the formation stage of the J033245.11-274724.0 disk. For example, Hopkins et al (2008) generated a full suite of galaxy-galaxy simulations to examine the properties of their corresponding remnants. Their simulations may include J033245.11-274724.0 as suggested by their abstract: "the efficiency of disk destruction in mergers is a strong function of gas content -our model allows us to predict explicitly and demonstrate how, in sufficiently gas-rich merg ers (with quite general orbital parameters). even 1:1 mass-ratio mergers can yield disk-dominated remnants, and more realistic 1:3-1:4 mass-ratio major mergers can yield Systems with <20% of their mass in bulges." Motivated by this, we attempted to estimate the gaseous content of the galaxy by assuming that it follows the Schmidt-Kennicutt relation between star formation and gas surface densities (e.g. Kennicutt 1998). For this, we further assumed that the star-formation density could be derived from a surface radius of 2 x rhaif = 3.4 kpc. and thaï the gas surface density could be derived from the maximal extern of the [OII] émission detected by GIRAFFE (/on = 5.4 kpc af ter deconvolution from the natural seeing. FWHM = 0.8 arcsecond). We then measured a star formation surface density of 0.6 M0 yr-1 kpc-2, a gas mass density of 2.5 x 108 M0 kpc-2 and a high total gas mass of 2.3 1010 M0. Assuming the stellar mass derived in Table

  The twoarmed System plays the rôle of the bar. redistributing the an gular momentum of the infalling material tow'ards the bar and then to the bulge (by means of dispersion) or tow'ards the newly formed disk. At the stage represented by J033245.11-274724.0, most of the stars and most of the new'ly formed stars are located in the forming disk. This transition is quite long, since the bar plus non rotating nvo-armed System are seen for about 20% of the total time in the simulation (Barnes 2002). The total time of the simulation is approximately 2 Gyr for encounters with half the Milky Way mass, the first impact occurring at 0.5 Gyr, the merging of the nuclei occurring at 1.1 Gyr, the appearance of the non rotating hvo-cmned System at 1.6 Gyr and its disappearance at 1.9 Gyr. These numbers are quite consistent with the âges of the stellar populations that dominate the J033245.11-274724.0 continuum. On the other hand, the création of a disk with 3.7 x 1010 Mq would require 1.8 Gyr at the rate of 20 MQ/yr (see Table 2), i.e. a time that is long compared to the time it takes the disk to seule after the merger in the simulation (<0.5 Gyr). The observed stellar mass in the J033245.11-274724.0 disk of course consists of young stars, although a significant part consists of intermediate-age stars, probably produced during the first stages of the merger, and possibly of older stars accreted from the progenitors. The colour of the dereddened disk (late type galaxy) is consistent with such a mix of stellar population.

  our observations and modeling of J033245.11-274724.0 are highly indicative of the formation of a massive, late-type spiral whose angular momentum support is mostly provided by the orbital momentum of the last merger. It is quite a challenge to find similar examples in the local Universe, which is moreover lacking LIRGs (0.59F), compact luminous galaxies (a few percents, Rawat et al. (2007)) and, overall, blue bulges at the centre of extremely red disks. NGC 1614 is a powerful LIRG and a merger remnant and show's some similarities with J033245.11-274724.0. However. in NGC 1614 most of the starburst activity is in the core (Alonso-Herrero et al. 2001), which is probably induced by the recent coalescence of the two progenitor nuclei (Neff et al 1990, and see Fig. 4. panel at 1.1 Gyr): it seems to be in a less advanced merger stage than J033245.11-274724.0.

  ent. Earlier numerical simulations demonstrated that disks form around previously existing spheroids by means of the smooth accretion of gas from the intergalactic medium (e.g..Steinmetz & Navarro 2002), whereas spheroids represent the remnants of major merger events where disks are thrown together and mixed violently on a short timescale (e.g..Toomre 1977; Barnes & 

Fig. 1 .

 1 Fig. 1. Top row, leftpanel: composite image (B + V, i and z bands) of J033227.07-274404.7 taken with the Advanced Caméra for Surveys (ACS) of the HST. Size of FoV is 2.0 arcsec x 2.6 arcsec (14.4 kpc x 18.8 kpc). Superimposed grid shows the position of the GIRAFFE IFU. Top row, middle panel: line-of-sight velocity map of the object derived from GIRAFFE observations of the [OIIJ3726.3729 Â doublet. Top row, righî panel:

  respectively. The publiclv available version vl.O of the reduced, calibrated. stacked. mosaicked. and drizzled images were used (drizzled pixel scale = 0.03 arcsec). Ground-based images in the U. B. K R. and I bands were taken from the ESO Imaging Survey (EIS -Amouts et al. 2001). These images were taken with the WFI caméra on the MPG/ESO 2.2 m telescope. Each image has a pixel size of 0.238 arcsec with an average seeing of 0.86 arcsec. Images in the J, H, and Ks bands were taken from the EIS deep survey (Vandame et al. 2001). These images were taken with ISAAC with a plate scale of 0.15 arcsec/pix with a reported seeing of 0.6 arcsec. The object is detected by Spitzer/IRAC in the mid-infrared (Dickinson et al., in prépara tion) and with Spitzer/MIPS in the far-infrared (Chary et al., in préparation). However, the object shows almost no émission at these wavelengths and is contaminated significantly by a South ern galaxy at z > 1. The limiting magnitudes for these obser vations were 21.3 mag at 24 jum for MIPS, and 26.15 mag, 25.66 mag, 23.79 mag. and 23.70 mag for IRAC's channels one to four, respectively. The object was not detected by G ALEX in the FUV (probably because of the high redshift of the object). In the NUV, two sources are detected doser than 2 arcsec to the ob ject. However, considering the pixel size of G ALEX ( 1.5 arcsec),

Fig. 2 .

 2 Fig. 2. (B -z) color image of J033227.07-274404.7 derived from the HST-ACS images.

Figure 2 Fig. 3 .

 23 Figure 2 shows the (B -z) color image of the System. This bluest-minus-reddest band image shows that the northern part of the System is much bluer than the Southern parts. The région corresponding to the northern smaller structure is the bluest one.Bluer colors are seen ail the way from the center of the main galaxy to the companion. The smaller région to the Southwest has very blue colors. It is important to notice however that in this image even the reddest colors correspond toa(B-z) value bluer than 2.7 mag. Following the analysis ofNeichel et al. (2008), for a pure starburst région, the observed (B -z) of a galaxy at this redshift is bluer than 1.0 mag. A(B-z) value of 2.8 corresponds to a Sbc galaxy at the redshift of the object. So in general, the whole galaxy is forming stars, more importantly in the bluer ré gions. Dust has little influence on the color map since. as will be shown later (Sect. 3.3), atténuation is low.

  Last two columns show the extracted fluxes for the central parts of the main galaxv and the companion usine POLYPHOT. galaxy, we performed a fit to the observed spectrum with a linear combination of stellar libraries. We used a base of 39 template single-stellar-populations (SSPs) front[START_REF] Coelho | Spectral models for solar-scaled and alpha-enhanced stellar populations[END_REF], of 13 âges (from 10 Myr to 5 Gyr) and 3 ntetallicities (subsolar, solar. and supersolar) using the STARLIGHT software (Cid-Fernandes et al. 2005). A Cardelli et al. (1989) extinction law was assumed. The best-fit relation indicates that a high frac tion of the galaxy spectra is dominated by young stellar features typical of 13 Myr. 100 Myr. 200 Myr. and intermediate âge stel lar population of around 1 Gyr. However. the quality of the spec tra, low S/N. and limited wavelength range does not allow us to provide strong constraints on the fractional contribution of light from stellar populations of different âges. To constrain the stellar population properties more reliably, we investigated the spectral energy distribution (SED) based on photometric measurements.

Figure 4

 4 Figure 4 shows the SED of the entire System using the photometry values presented in Sect. 2. Wavelengths shown are rest-frame wavelengths. Flux is given in erg/s/arcsec2/angstrom. For the optical part of the distribution, both the ACS-HST and EIS images were used. Full horizontal errorbars represent the FWHM of the photometric filters used in the corresponding surveys, wrhile vertical errorbars represent the convolution of two terms: the magnitude error as given by SExtractor (Bertin & Arnouts 1996), and the systematic error associated with the uncertainty in the zeropoint calibration. The resulting SED show's a global décliné from shorter to longer w'avelengths. We adjusted a synthetic SED consisting of a linear combination of compos ite stellar populations (CSP) and a two parameter extinction law from Cardelli ( 1989). The base consists of 6 CSP from Chariot & Bruzual models (Chariot & Bruzual 2007) with a Salpeter IMF (Salpeter 1955) and a r-exponentially declining star formation history with r = 100 Myr. According to the low metallicity detected in the gaseous phase, we selected CSP with sub-solar metallicity Z = 0.5 ZG. The âges of the 6 stellar populations are 13 Myr, 200 Myr, 500 Myr, 1 Gyr, 4 Gyr. and 7 Gyr, respectively. The results for the bestfit relation ( x1 = 2.09) are shown in Table 2. First two rows indicate the fraction of each CSP used for the fit. Last two rows show the fraction of stellar populations divided into young. intermediate, and old. We also présent the médian stellar-population mass fraction for solution in the 68% confidence interval. From the best fit, the stellar mass of the Sys tem is log M = 10.00 ± 0.35 dex.

Fig. 4 . 1 .

 41 Fig. 4. Top panel', spectral energy distribution (SED) of J033227.07-274404.7 in the optical within a 3.0 arcsec aperture. Botlom panel: SED of J033227.07-274404.7 in the NIR. For both SEDs, the wavelengths shown are the rest-frame wavelengths. A SED compiled using stellar synthesis models by Bruzual & Chariot (2007) has been fitted to the object.

  would imply that the companion galaxy orbit lies outside the plane of the main galaxy. The velocity dispersion map of the Sys tem (top right panel of Fig. 1) shows a maximum of 48 km s'1 at the position between the companion and the northem tip of the main component. while the Southern pixels associated with the main component show smaller values of velocity dispersion going from 31.4 km s"1 for the central parts of the galaxy to 19.50 km s-1 for the Southern tip. The location of the maximum value of the velocity dispersion may correspond to the région in the System where the gas is most perturbed. indicating the interacting région between the main galaxy and the companion. If the small velocity gradient seen in the VF were the resuit of the superposition of several émission fines with different velocities for each IFU pixel (which w'ould be the case if the galaxy had a large inclination value), then the velocity dispersion map would display much larger values (see Fig. 2 of Yang et al. 2008, for several examples regarding this situation). Also in favor of this interacting scénario is the blue feature in the color image of the System (Fig. 2) that could be enhanced star formation caused by a tidal perturbation and thus follow the passage of the northem companion. The strong [NelII] fines seen in the FORS2 spectrum could be indicative of shocks produced by the interaction.

4. 2 .

 2 Numerical simulations of the encounterTo test the hypothesis of a face-on galaxy experiencing an en counter with a less massive galaxy, we performed several nu merical simulations of plausible encounters using two different 4 IRAF is distributed by the National Optical Astronomy Observatories, operated by the Association of Universities for codes: ZENO developed byBarnes' (2002) and GADGET2

  3 kpc. Considering that the total stellar mass of the System derived from the SED fit equals 1010 MG, the other code units are 1.41 x 10n M0 for the mass. 1.17 Gvrs for the time, and 80 km s"1 for the velocity. The simulation con-sideredAhaio+^5+^035 = 17856+21744+23994 = 63594 particles. The progenitor disk in the model deviates from the Tully-Fisher relation (TF). When considering a disk that follows TF the simulated bar is smaller than the observed one, although the global morphology of the feature, as well as the velocities de rived, follow the observations. To accurately compare the kinematics of the simulated encounter with the observed one, a grid resembling the GIRAFFE IFU was superimposed on the resulting snapshots. Velocities within each pixel of the grid were averaged to dérivé a velocity field similar to that shown in the top middle panel of Fig. 1. The middle panel of the bottom row in Fig. 1 shows a snapshot of the encounter at t = 1.65 (1.93 Gyr) from the first peripassage and at t = 0.01 (12.0 Myr) from the second one. The middle panel of the bottom row in the same figure shows the simulated velocity field of the gas. and the right panel of the same row shows the velocity dispersion map as it would be observed with the IFU of GIRAFFE. For both an inclined and rétrogradé 4:1 encounter and a 5:1 encounter, a thicker and rounder bar than the one seen
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 5856 Fig.5. From left to right, top to bottom: time évolution of the projected gas density of the simulated encounter from the beginning of the simulation until 5 Gvr after. The first peripassage of the galaxies, a zoom of the encounter at the moment when the bar begins to form, the time when galaxies are most distant after the first peripassage, and the second peripassage are shown. The size of frame differs for each snapshot to show different stages of the encounter. The fifth snapshot in the sequence shows the frame that is currentlv being "observed".

  7, a perturbed System at z = 0.74. Using various techniques, we hâve analysed the morphology, star-formation history, and kinematics of this elongated, arc-like sytem. The analysis of the surroundings of this System hâve excluded the possibility of a gravitational arc. Although the mor phology may be indicative of an almost edge-on galaxy. the kinematical data places very important constraints, which hâve led us to explore other possible configurations. This System seems to be composed of an almost face-on disk galaxy and a second disk galaxy 3 times less massive following an inclined orbit. The presence of a rather young stellar population on both components suggests ongoing enhanced star-formation caused by the interacting process. Numerical simulations hâve been used to trace the history of the encounter. We appear to be witnessing the encounter at its second passage. The analysis of this System indicates the necessity of combining both morphology, photometry, kinematics, and numerical simulations to disentangle the complex Systems seen at intermediate redshifts and to détermine the outcome of their évolution. This object is amongst the most striking examples of how one may misinterpret morphology in the absence of sufficient kinematical information.

  So far, the bTFR has been studied only in the local Universe (seeVerheijen 2001; Bell & de Jong 2001; Goruvich et al 2004; McGaugh 2004 McGaugh , 2005;; Geha et al 2006; Noordermeer & Verheijen 2007; De Rtjcke et al. 2007; Avila-Reese et al 2008; Meyer et al 2008; Stark et al 2009; Trachternach et al 2009). This was primarily because HI observations of galaxies are practically limited to z < 0.3(Lah et al. 2007). To estimate the gas content of more distant galaxies, indirect methods were developed. such as the inversion of the Schmidt-Kennicutt (SK) 

Fig. 1 .

 1 Fig. 1. SFR as a function of stellar mass in a subsample of 35 CDFS galaxies. RDs are shown as blue dots, PRs as green squares, and CKs as red triangles. The open blue circle corresponds to the RD+ galaxv for which the velocitv measurement is more uncertain (see P08). Uncertainties in stellar mass are discussed in Sect. 2.1, and are not shown for reasons of clarity.

  ing a completely different data set and methodology (i.e., based on the évolution of the mass-metallicity relation derived from FORS2 long-slit spectroscopy. see Rodngues et al 2008). It is therefore very unlikely that the gas fractions derived at z ~0.6 could be affected by any systematic effect. which makes us quite confident in our estimâtes of gas masses. 1 The IMF affects the SFR calibration in such a way that both the SFR and the numerical factors in the SK relation change and cancel eachother. It is possible to dérivé a direct relation between UV and IR luminosities and gas densities. in a similar way to Erb et al (2006) us ing the Hcr luminosity. therefore eliminating the SFR density. which is the IMF-dependant quantity.

Fig. 2 .

 2 Fig. 2. Gas mass as a function of stellar mass in a subsample of 35 CDFS galaxies. RDs are shown as blue dots. PRs as green squares, and CKs as red triangles. The open blue circle corresponds to the RD+ galaxy for which the velocity measurement is more uncertain (see P08).Uncertainties in stellar mass are discussed in Sect. 2.1, and are not shown for reasons of clarity. The blue line represents equality between the stellar and gas masses, while the blue dashed line represents the lo cal relation between these two quantities given bySchiminovich (2008).

  resolution ellipses were then rebinned to the GIRAFFE pixel scale after determining as accurately as possible the position of the GIRAFFE IFU on the UV image (see, e.g., Puech et al 2007b). These simulated [OII] GIRAFFE images were renormalized in terms of flux using tire observed IFU-integrated [OU] value, and pixels with a resulting flux lower than the minimal [OII] flux detected within the GIRAFFE IFU for a given galaxy were disregarded. to account for GIRAFFE IFU pixels being selected in terms of signal-to-noise ratio (i.e., S /N > 3, see Flores et al 2006). By identifying the simulated [OII] map that most closely reproduces the observed one, it is in principle possi ble to retrieve the underlying [OII] total-light radius. However, P a s e4 of9

Fig. 3 .

 3 Fig.3. Left: évolution of the stellar-mass TFR in the sample of 64 galaxies of P08 (RDs are shown as blue dots. PRs as green squares, and CKs as red triangles). The open blue circle correspond to the RD+ galaxies for which the velocity measurement is more uncertain. see P08). The two open red triangles correspond to the two galaxies that were changed from RD to CK compared to P08 (see Sect. 2.1). The black line is the local smTFR. while the blue dash-line represent a linear fit to the z ~0.6 smTFR. Left. same relation but using S. The black and blue-dashed fines are the same as in the left panel.

3. 1 .

 1 The z ~0.6 stellar-mass TFRThe smTFR in the IMAGES sample was initially derived in P08 (see their Appendix). We show in Fig.3(see left panel) a revised version of this relation, in which the classification of two objects has changed (see Sect. 2). We also show here ail galaxies, including non-relaxed ones. The dispersion in this relation was shown to be caused entirely by non-relaxed Systems by P08 (see next section). Maintaining the slope at its local value, we found a shift in the smTFR zeropoint of 0.34]"®'^dex in stellar mass. or.

Fig. 4 .

 4 Fig. 4. Comparison between the [OII] and UV radii for the CDFS subsample of galaxies. The two insets on tlie left (30-arcsec wfide) show MIPS imaging at 24 //m of J033228.48-274826.6 (upper one) and J033244.20-274733.5. while the two insets on the right show ^-band HST/ACS images of J033230.78-275455.0 and J033226.23-274222.8 superimposed with the GIRAFFE IFU grid. RDs are shown as blue dots. PRs as green squares, and CKs as red triangles. The open blue circle corresponds to the RD+ galaxy for which the velocity measure ment is more uncertain (see P08).

Fig. 3 ,

 3 accounting for velocity dispersion brings the merger-test J033239.72-275154.7 back onto the S-TFR. This is the first direct observational év idence of the transfer of energy described by Covington et al (2010). As shown above. this process can account for most of the scatter in the smTFR. Given the still relatively large uncertain ties, we cannot exclude other process(es) playing a rôle in producing the scatter in the distant relation, but these results clearly indicate that this transfer of energy is the main underlying cause, and that mergers are the main cause of the large scatter seen in the z ~0.6 TFR, as initially argued by Flores et al (2006; see also Kannappan & Barton 2004).

4 .

 4 Gas content of intermediate-mass galaxies 4.1. Comparison between gas and stellar extents

4. 2 .

 2 What causes the large gaseous extent in z -0.6 galaxies?It is interesting to investigate what causes this discrepancy be tween the extents of the ionized gas and the UV ionizing stellar light from OB stars. Most of the ionizing stellar light is assumed to be emitted by stars earlier than B2 (Stromberg 1939), so to first order, one would expect conversely that the ionized gas is confined to within the UV radius. What mechanisms can explain our actual findings? Supernovae (SN) and AGN feedback are two mechanisms that are known to be able to drive outflows in galaxies. If these mechanisms were responsible for ejecting ionized gas to the UV radius, we should detect offsets between absorption and émis sion Unes in a large fraction of galaxies in the sample. For 2 For a thin exponential disk, this radius equals 3.2 times the disk scaielength. which defines the total stellar-light radius, and is statistically équivalent to the isophotal radius B25, seePersic & Salucci (1991).
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 561 The baryonic Tully-Fisher relation at z ~0.The local relation We used the local sample gathered by McGaugh (2005) to derive our local reference bTFR. McGaugh (2005) used Vflat and (amongst others) the Bell et al. (2003) method to estimate stel lar mass, so their sample is particularly well suited to compare with our high-z bTFR. However, they used the B-band luminosity to dérivé stellar mass, which is a less accurate tracer than B-band luminosities. Hence, we rederived stellar mass from B-band luminosities by cross-correlating the McGaugh (2005) sample with the 2MASS database. Stellar masses were derived following the method outlined in P08 for their local sample, i.e., by accounting for k-corrections and extinction. We found that log (Mbaiyonic/M0) = 2.10 ± 0.42 + (3.74 ± 0.20) x log ( Vflat) has a residual scatter of <x = 0.25 dex. In the following, we checked that by instead using the McGaugh (2005) stellar masses derived from the B-band luminosity (see his Table 2 with P = 1 ) would not change significantly our results. Stark et al (2009) established a new calibration of the local bTFR using gas-dominated galaxies, which has the advantage of being less sensitive to a given estimator of the stellar mass. However. Stark et al (2009) averaged the bTFR produced by various stellar mass estimators. Therefore, we chose to keep our own derived relation, which has the advantage of resulting fromthe same methodology used to dérivé the smTFR. both at low and high redshift, as well as the bTFR at high redshift. which minimizes possible systematic effects. We nevertheless note that our slope and zeropoint are consistent with their calibration. In contrast to the smTFR. whose calibration dépends on the galaxy populations analyzed. the bTFR is found to be independent of galaxy type(Stark et al. 2009). We therefore do not expect any bias to be caused by the choice of a particular local sample and its level of représentation in the local population.

Fig. 5 .

 5 Fig. 5. Evolution of the baryonic TFR in the CDFS subsample (see text).

  3). In the following, we express ail systematic uncertainties in terms of their influence on the évolution of the zeropoint of the bTFR between £ ~0.6 and Z = 0. Systematic effects on the velocity estimâtes in the dis tant sample were found to be ±0.02 dex, which corresponds to ±0.08 dex once converted into Mbarvonic-Regarding the stellar mass, we identified in P08 two possible systematic effects, which are an évolution in the IMF (+0.05 dex), and an évolu tion in the À'-band mass-to-light ratio (+0.1 dex) with redshift (see Appendix of P08). Finally. conceming gas masses, the only possible systematic effect could be an évolution of the SK law with redshift. since we argued in Sect. 2.3 that this quantity is derived independently of the IMF. As stated in Sect. 2.3. there is no evidence of an évolution in the SK law between z ~0.6 and z = 0, based on a comparison between their star-formation densities and those of local starbursts. Therefore, the main sys tematic effect that could affect the baryonic mass w'ould be that related to stellar mass, which translates into a possible impact on the évolution of the bTFR zeropoint shift between z ~0.6 and z = 0 by +0.15 dex (0.05+0.

  6 relation is consistent with the local relation derived for the McGaugh

  At higher redshifts,[START_REF] Mannucci | LSD: Lyman-break galaxies Stellar populations and Dynamics -I. Mass, metallicity and gas at z = 3.1[END_REF] found an évolution of 0.41 dex in the zeropoint of the smTFR between z ~2.2 and z = 0, i.e., of similar amplitude (within uncertainties) to the évolution found in this paper between z ~0.6 and z = 0. This would imply that the smTFR does not evolve significantly between z ~2.2 and z ~0.6. while it evolves significantly between z ~0.6 and z = 0. To try to understand this surprising resuit, we refitted the smTFR found byCresct et al. (2009), but assumed that the local slope of reference is that used in the présent study. The choice of the slope in the local relation is crucial for deriving the évolution in zeropoint as a function of redshift (see Sect. 5.1 of P08 for details). While the distant sample used byCresct et al. (2009) seems to be représentative of z ~2 galaxies, at least for galaxies with stellar masses higher than ~2 x 1010 M0 (Fôrster Schreiber et al 2009), they used the local relation derived byBell & de Jong (2001), w'hich relies on the sample of Verheijen (2001) that was shown to be biased toward an excess of low-mass. gas-rich galaxies byHammer et al. (2007). In P08. we derived a local smTFR using a représenta tive subsample of the SDSS fromPizagno et al. (2007). In this sample, the slope is found to be smaller, i.e.. 2.8 (see Appendix of P08) instead of the value of 4.5 used by Cresci et al. (2009). By refitting the relation of Cresci et al. (2009) using the slope derived from this représentative local sample, we find an évo lution in zeropoint of ~0.6 dex. instead of ~0.4 dex found using the Bell & de Jong (2001 ) slope. We conclude that the shift found by Cresci et al. (2009) probably underestimates the évolution in zeropoint between z ~2.2 and z = 0. Finally, Cresci et al. (2009) interpreted the shift of the z ~2.2

  formation is indeed supported by the large decrease with redshift of the fraction of rotationally supported disks.Neichel et al (2008) (hereafter IMAGES-II) found that rotational disks were two times less abundant at zmedian = 0.65. a resuit that is based on a study combining detailed morphology and spatially resolved kinematics.

  Galaxy simulations can help to test various galaxy forma tion scénarios. Assuming large accretions of cold gas flows may reproduce several corrélations, mostly those linking the gas Article published by EDP Sciences consumption and the assembly of the stellar mass(Dekel et al 2009). There is, however. no convincing observation of significant cold gas-flow in local or distant galaxies, while mergers are well identified in the local and distant Universe.Hopkins et al (2009a) (see alsoRobertson et al 2006) successfully tested disk survival during merging. The resulting mergers produce disks whose angular momentum differs in direction and ampli tude from those of the progenitors. The prédictions of Hopkms et al (2009a) rely on processes dominated by pure gravitation, which are indirectly affected by feedback effects. This is certainly true for massive galaxies for which stellar feedbackincluding outflows -is unlikely to be an efficient way to redistribute the material during a collision. If the gas fraction is sufficient (about 50%), they predict that the re-formed disk can be the dominant component in the reshaped galaxy.The rebuilding disk scénario proposes a merger origin for spirals and. by extension, of the whole Hubble sequence, from ellipticals[START_REF] Toomre | [END_REF][START_REF] Toomre | The structure and évolution of normal galaxies[END_REF] Barnes & Hernquist 1992) to late type spirals. In fact. the orbital angu lar momentum provided by major mergers could solve the angu lar momentum problem(Maller et al 2002). Considérable work is, however, needed to support the scénario. Could a cosmological distribution of orbital parameters rebuild small bulges within some rebuilt disks, and large bulges within others? Could it re produce the Hubble sequence statistics of bulge to disk ratio?Hopkins et al (2009a,b) partially brought a positive answer to this question. Their model indeed recovers the well-known cor rélation between bulge-to-disk ratio and mass.Observations may prove or invalidate the rebuilding disk scénario. It is well known that the gaseous content of galax ies increases rapidly whth redshift. But does it reach the val ues required to rebuild a disk in case of mergers? We must also observe the details of the physical processes in galaxies at dif ferent epochs and directly examine their évolution. At very high redshift (z > 2), cosmological dimming prohibits the examina tion of the optical radius of a disk even with the largest space télescopes, and it is difficult yet to gather a représentative sample of such galaxies. At intermediate redshifts the situation is much better even if it requires pushing the présent observational tools near their limits. Up to z = 0.4 and z = 1.3 the optical ra dius of a redshifted Milky Way can be retrieved from GOODS and UDF imageries, respectivelv.The IMAGES study aims to identify the physical processes that link distant (z ~0.65) to local galaxies. Its sélection is limited by absolute J-band magnitude (Mj(AB) < -20.3), a quantity relatively w-ell linked to the mass(Yang et al. 2008, hereafter IMAGES-I). Using such a limit, Delgado-Serrano et al(2009) hâve shown that z ~0.65 galaxies hâve to be the pro genitors of local galaxies selected in a similar way. They find that the fraction of E/S0 has not evolve in the last 6 Gyr, while spiral galaxies were 2.3 times less abundant. They use a quite restrictive method to classify morphologies, assuming that spiral galaxies in the past hâve similar properties to what they possess today. Using such a morphological classification, IMAGES-II(Neichel et al 2008) demonstrated an excellent agreement be tween morphological and kinematical classifications. In other words, most rotating galaxies (80%) show spiral morphologies while most galaxies (90%) with anomalous kinematics présent peculiar morphologies. The above results hâve an important im pact: anomalous kinematics of the gaseous component (from the ionised gas, [OII]23726; 3729 lines) is alrnost always linked to an anomalous morphological distribution of the stars. Altogether the above results imply that more than half of the presenî-day spirals had anomalous kinematics and morphologies, 6 Gyr ago.

  4. we discuss the results and conclude in Sect. 5 on the validity of the disk rebuilding scé nario. Throughout the paper, we adopt Ho = 70 km s-1 Mpc-1, Dm = 0.3. fiA = 0.7 and the AB magnitude System.

Fig. 1 .

 1 Fig. 1. b + l\ i and c combined images of 2 rotating disks identified by IMAGES. The dotted line is the superposition of the dynamical axis,dotted squares indicate the dispersion peak element. On the left, the dynamical and optical axes are aligned, and the dispersion peak is at the mass center, as expected for rotation (seeFlores et al 2006). On the right (J033238.60-274631.4) there is a slight misalignment of the dispersion peak that is likely caused by the nearby passage -15 kpc -of a bulge-dominated galaxy. causing the observed burst of star formation at the bottom edge of the spiral galaxy. The velocitv différence between the two galaxies is 540 km s-1, a value based on spectroscopy.

  2.1), our initial guess for the orbit and mass ratio was close to the final re suit, or in other words, only a few changes of the latter quantifies allowed us to recover the amplitudes of the kinematical param eters as well as most of the morphological details. It is indeed possible that the choice of the orbits byBarnes (2002) is quite représentative of a cosmological distribution of merger orbits.

Figure 3 (Fig. 3 .

 33 Fig. 3. Top: distribution of the logarithm of lhe mass ratio, with M1

Fig. 4 .

 4 Fig.4. Distribution of the merger phases for the modelled distant starbursts. The full black histogram corresponds to the same galaxies as in Fig.3(robust mergers/interactions and isolated rotating spirals).Phase 1 corresponds to the approaching phase until the first passage, phase 2 corresponds to the lime elapsed between the first and the sec ond passage, and phase 3 to the time after the second passage and before the élaboration of the rebuilt disk. During phase 3 the galaxy may show a chaotic morphology or a central starburst, alwavs accompanied by a chaotic velocity field and dispersion peaks clearly offset from the mass center. Phase 4 correspond to the disk rebuilding phase, for which the disk is detected. the rotation is seen but could be offset from the main optical axis, and the dispersion peak(s) is (are) doser to the mass cen tre. The last phase corresponds to rotating spirals with regular velocity fields and a dispersion peak centred on the mass centre (e.g.Flores et al 2006).

of 1 :

 1 1 mergers are not robustly modelled. Both distributions are overwhelmingly dominated by major mergers (ail but the satel lite infall Puech et al 2007a). Tire overall distribution shows the scarceness of events involving a galaxy more massive than the observed one, since those are rarer due to the exponential drop of the mass function towards the massive end. The quasi absence of minor mergers may hâve a different meaning because minor encounters should be numerous at zmedian = 0.65 (e.g. Davies et al 2009). Minor mergers are expected to affect less and in a more sporadic way, kinematics, morphology and star formation (see also Hopkins et al 2008, and the discussion in Sect. 4.1 ).

Fig. 5 .

 5 Fig. 5. Distribution of the interaction orbits adopted to model the 26 mergers plus one interaction in the sample of 33 distant starbursts observed with IMAGES. The full black histogram corresponds to the 12 objects for which we hâve robustlv identified the orbit. The x-axis represents the different orbits displayed in the figure.

Figure 4

 4 Figure 4 draws an evolutionary sequence in which ail distant

Fig. 6 .

 6 Fig. 6. Gas mass derived from Puech et al (2009b) as a function of the stellar mass obtained from the Bell et al (2003) prescriptions. The arrows in the upper left corner indicate how the stellar mass may be affected by different prescriptions of the galaxy synthesis population models (BC03 and M06 indicate the change by adopting Bruzual & Chariot 2003; and Maraston 2006 models. respectively), or of the IMF (S53 and K02 show the change due to the adoption of an IMF from Salpeter 1955 or from Kroupa 2002, respectively). The full and dashed lines indicate a gas fraction of 50% and a gas fraction from local galax ies (HI gas. Schiminovich 2008), respectively. The various svmbols correspond to the morpho-kinematic classes defined in Secl. 1 : rotating spirals (blue circles). heavily non-relaxed svstems (red triangles) and semi-relaxed Systems (green squares). Only error bars lower than 0.3 dex hâve been represented in this plot, and values with larger error bars are represented as open symbols.

(Fig. 7 .

 7 Fig.7. Gas fraction distribution as a function of the merger phases. The former corresponds to a minimal value of the gas fraction in the sample of IMAGES starbursts (see text). The various symbols correspond to the morpho-kinematic classes, as in Fig.6. Note the presence of the massive dry merger at phase = 2 (see the inserted image in Fig.6) with a very low gas fraction(Yang et al 2009). The full blue line shows the médian gas-fraction in the progenitors derived from the gas consumption during the merger (see text). The dot-long-dashed line shows the same. but for a combination ofMaraston et al. (2006) models and Kroupa IMF. The black solid line gives the médian of the gas fraction values.

Fig. 8 .

 8 Fig. 8. Characteristic stellar mass doubling times as a function of the merger phases, as they are described in Fig. 4. The various symbols corresponds to morpho-kinematics classes as in Fig. 6. The full blue line indicates their médian value and the dashed red line indicate the time during which the observed starbursts are involved in the merger (médian value for each phases 1 to 4), as obtained from the simulations. It slightly decreases at phase 4 because the masses of the 4 rebuilding disks (médian value. 2.1 x 1010 Af0) are lower than the mass of the 9 galaxies in phase 3 (médian value. 6.3 x 1010 Af0).

Fig. 9 .

 9 Fig. 9. b + v. i and z combined images of three additional starbursts whose kinematics has not been detected due to spatial resolution. The galaxv in the middle panel show a ring and possibly the nucléus of the secondary interloper. Kinematics are needed to confirm it as well as to verify the nature of the two other starbursts that could be in close interaction and just at the nuclei fusion, respectively.

Figure 4 -

 4 Figure 4 -see also Figs. 1 and 2 -suggests that ail distant starbursts are part of the duty cycle of the disk rebuilding scé nario (seeHammer et al. 2005, their Fig.6). It also includes the distant rotating spirals with high star formation and w'arm disks, which are the natural last phase of such a gas-rich merger event.

  since z = 2. A comparison to IMAGES observations would be highly désirable to clarify this prédiction. It may be consistent with the whole formation of the Hubble sequence: a formation of spirals by the numerous gas-rich mergers and of massive ellipticals by gas-poor mergers. It is now time to study the formation (or re-formation) of the present-day spiral galaxies and of their substructures for understanding how the whole Hubble sequence may hâve been formed. 4.2. How other mechanisms contribute to the galaxy transformation Numerous studies hâve attempted to describe the above évolu tion by assuming different mechanisms. It has been argued that only a small fraction of the star formation is triggered by major

  g.Rodrigues et al 2008) of 20 IMAGES starbursts to investigate whether outflows can be detected. An outflow may lead to significant différ ences between the velocity of the emission-line System and that of the absorption-line System(Heckman & Lehnert 2000). We find différences in only3 (J033214.97-275005.5, J033224.60- 274428.1 and J033225.26-274524.0) of 19 objects, at the level of ~100 km s-1. Thus, stellar feedback mechanisms are unlikely to considerably affect distant starbursts, which is understandable as ail of them are relatively massive with baryonic masses in excess of 1010 MQ. The absence of minor mergers in our sam ple (only one case with an 18:1 mass ratio) could be simply explained by their considerably lower efficiency. Due to their lower impact and their longer duration(Jiang et al. 2008), they are con siderably less efficient to activate a starburst, and to distort mor phologies and kinematics or they do it in a somewhat sporadic way (seeHopkins et al. 2008). To explain both the stellar mass assembly and the peculiar morpho-kinematics would probably need an extremely large (non-observed) rate of minor mergers. that is certainly not consistent with the large angular momenta of present-day disks (see e.g. Maller & Dekel 2002).5. Conclusion: a scénario to explain the formation of the Hubble sequence?

Fig. 10 .

 10 Fig.10. Gas distribution in merger remnants fromBarnes (2002) for 3:1 mergers. and for four different orbits. at the end of the simulations.

  photoionization parameter in the ionized gas(Kewley & Dopita 2002), and some of them suffer from the sarne double-valued problem as /?23-Researchers continuously try to obtain the "direct" Te-based oxygen abundances for the metal-rich galactic gas, though Article published by EDP Sciences and available at http.//www.aanda.org or http://dx.doi.Org/10.1051/0004-6361:20077436

  obtained the oxygen abundances from Tt for a handful of H n régions in Ml01 and M51 with 12 + log(0/H) > 8.4 by using high quality spectra taken from the Very Large Telescope (VLT), Multiple Mirror Telescope (MMT) or Keck, 4-8 m télescopes. Pilyugin et al. (2006) derived a flux-flux(ff)-relation to estimate the [O m]24363/[0 m]/l5007 ratio from the obtained R22, by using a sample of 48 H n régions with moderate metallicities. However, ail these impressive progresses are only based on individual H n régions. It is very difficult to measure the temperature-sensitive auroral Unes from the integrated spectra of metal-rich galaxies, hence dérivé their "direct" metallicities. The wonderful Sloan Digital Sky Survey (SDSS) database allows this to be realized. It provides high quality spectra covering 3800-9200 Â with moderate resolution (~3 A) for a large number of galaxies at different given oxygen abun dances or stellar masses. It makes it possible for us to mea sure the temperature-sensitive auroral lines [O n]/M7320.7330

[

  O n]/M7320,7330/[O II]23727 ratios to dérivé their électron température Te in the low ionization région (î2), then to obtain their "direct" (O/H) abundances. This is probably the first resuit conceming the dérivation of "direct" (O/H) abundances from Tt from the integrated light of metal-rich star-forming galaxies. This paper is organized as follows. The sample sélection criteria and spectral combination are described in Sect. 2. The corrections for stellar absorption and flux measurements are de scribed in Sect. 3. In Sect. 4, we re-calibrate the relations of the (O/H) abundances versus stellar masses and Rn parameters for star-forming galaxies on the basis of the SDSS-DR4 database.

Figure 1

 1 Figure 1 shows ail the combined spectra at rest-frame in 27 mass bins, and the small figure in each panel shows the auroral lines [O II]/M7320.7330 région. The basic data of the combined spec

  cussed further in Sect. 8.2. From our integrated-light spectra. it is still almost im possible to measure other temperature-sensitive emission-lines [N n]45755, [S n]24072. And the SDSS speetrum does not cover [S m]/U9069,9532 though it is possible to measure the [S Ill]/I6312 emission-line for the sample with log(M») < 9.6. Thus it is impossible to obtain directly the 7'([Sm]) from the [S m] ratio and the T([NlI]) from the [N II] ratio for these 1 http://www.mpa-garching.mpg.de/SDSS/

Fig. 2 .

 2 Fig. 2. The fitting on the continuum and stellar absorption for one ex ample spectrum m881. The top panel is for the spectral range from 3670 to 7505 Â, and the bottom paneI is for the detailed fitting from CaHK lines to H/3 (from 3910 to 4940 Â). The solid lines indicate the observed spectrum. and the dotted lines give the fittings by using the SSP of BC03 and the program STARLIGHT (see Sect. 3.1). The top and bottom plots are made by using the same data and model.

Fig. 3 .

 3 Fig. 3. Comparisons between the extinction values derived from Ua/H/3.

  by fitting the médian values in the bins of 0.1 dex in log(M.) and 0.05 dex in log(0/H), respectively.

Figure

  Figure 4a.b reveals the différences between the results from DR4 and DR2 for these two relationships which might be due to the expansion of the database. Equation (1) will resuit in a lower log(0/H) abundance than the previous calibration at the given stellar mass, generally about 0.1 dex. Equation (2) will re suit in a higher and lower log(0/H) abundance than the previous one at the given log(/?23) at the metal-rich and metal-poor ends, respectively.

Figure 5

 5 Figure 5 présents the 12 + log(0/H)/?2, versus log(M") rela tionship of our 27 stacked spectra. Their 12 + log(0/H)^2, abun dances are estimated from the extinction-corrected /?23 param eters following Eq. (2). The corresponding stellar mass in each

5 .

 5 The "direct" oxygen abundances derived from électron température Te A two-zone model for the température structure within the galactic gas was adopted. In this model. T<>([0 II]) (in K, as r2 in 104 K) represents the température for low-ionization species such as 0+ (and N+), while Te([0 m]) (in K, as f3 in 104 K) rep resents the température for high-ionization species such as 0++.We estimate r2 from the ratio of [O n]/U7320,7330 to [O n]/l3727 by using the task temden.nebular in the iraf/stsdas package(de Robertis et al. 1987;Shaw & Dufour 1995); r3 in the high-ionization zone is determined from r2 following an équation derived by fitting HII région models.

Fig. 4 .

 4 Fig. 4. Relation of the log(0/H) abundances versus the stellar masses a) and versus the log(7?2s) b) of the nearby star-forming galaxies selected from SDSS-DR4 (the small points, -85 000). The two solid lines in a) and b) refer to the new calibrations derived from the SDSS-

Fig. 5 .

 5 Fig. 5. Relationship between the 12 + log(0/H)*,, abundances and the stellar masses for our 27 combined galaxies (the points). The solid and dashed lines are the same as in Fig.4a.

  in the ionized gas of the galaxies are calculated from the line ratios [S II]/16717/[S Il]/I6731 (Cols. 2, 3

  ies, including the mass-bin, the [S n]26717/[S II]26731 ratios, the électron density, the [O n]/U7320,7330/[O n]/l3727 ratios, the électron température Te([0 n]) (in K), Te([0 III]) (in K), and the re-based 12 + log(0/H) abundances, which are approximately 8.0 to 9.0.

Fig. 7 .

 7 Fig. 7. a) The relation of the Te-based (O/H) abundances with P2.3 parameters for our sample galaxies (the filled circles). Corrélation with those from the literature: the large open circles refer to the H II ré gions in M101 taken from KBG03, the squares represent the H il régions given by CDT02, and the small open circles refer the lowmetallicity H II régions and galaxies taken from Yin et al. (2007a). Some empirical calibrations are also given: those of T04 (the dotdashed line), Kobulnicky et al. (1999; K99, the two dashed-lines, y = log 032 = logÜO III]4959,5007/[0 II]3727)), Kobulnicky & Kewley (2004. KK04. the dotted line), and that derived from SDSS-DR4 in this study (DR4, the long-dashed line), b) The third-order polynomial fit (the solid line) for ail the observational data points given in a), also

Fig. 8 .

 8 Fig. 8. Comparison between the 7"e-based and the AE23-based log(0/H) abundances of the sample galaxies: a) the /?23-calibration was derived from DR4 with 12 + log(0/H) > 8.3 in this study (Eq. (2)); and b) the /?23-calibration was derived from DR2 by T04 with 12+log(0/H) > 8.5. The symbols as the same as in Fig. 7. The solid line in each panel represents the equal relation, and the two dashed lines are the relations by increasing H+logiO/H)^, abundances by 0.2 and 0.6 dex. respectively.

6. 3 .Fig. 9 .Fig. 10 .Fig. 11 .

 391011 Fig. 9. Comparison between the 7Vbased (O/H) abundances and those estimated from F'-method for our sample galaxies. The symbols as the same as in Fig.7.

[

  N II] émission régions (/2([N n]) = r2([0 n])) and the [N n]/M6548,6583/[0 Il]/Î3727 ratio to dérivé the log(N/0)

Fig. 12 .

 12 Fig. 12. Relationship between dust extinction and stellar masses of the sample galaxies. The large filled circles refer to the results from the stacked spectra of the galaxies in the 27 mass bins. The small points re fer to the star-forming galaxies from SDSS DR4 (the same as in Fig.4a), and the open circles refer to the médian values of them. (Please see the online color version of the plot for the points, especially for the open circles.)

  and Chang et al. (2006), who stacked the images or property parameters of galaxies to study their properties. There are also examples of uses of stacked spec tra:Mathis et al. (2006) stacked the spectra in several mass bins to study the cosmic star formation history;Baldry et al. (2002) analyzed the stacked low-resolution spectra of 166000 galax ies at redshift 0.03 < z < 0.25 extracted from the 2dFGS;Schiavon et al. (2006) used the stacked Keck DEIMOS spectra to study the âges and metallicities of some red galaxies; andWild et al. (2007) used the stacked SDSS spectra in redshift bins to study the [O n]/l3727 nebular émission from the galaxies hosting Ca n absorption line Systems and galaxies hosting Mg ü-selected DLA absorbers.

8. 3 .

 3 The uncertainties ofthe T([0 ll]À7325)-based abundances In the optical band, électron températures could usually be derived using five sets of auroral/nebular line intensity ratios: [O m]24363/[0 IIIJ/U4959,5007, [Sm]26312/ [S m]/M9069, 9532, [Sn]226317,6731/[Sn]24072, [NlI]25755/[Nn]226548, 6583, and [Oll]/M7320,7330/ [OlI]/13727. However, for the in tegrated spectra of the SDSS sample galaxies with moderate stel lar masses, only the indicator [OlI]/M7320,7330/[Oll]/l3727 is available to dérivé their électron températures in the galactic gas since only [On]/U7320,7330 lines (marked as 27325 sometimes) are strong enough to be measured from these spec tra. Therefore. the line ratio [O II]227320,7330/[O n]23727 pro vides the only "direct" measurements for the électron tempér ature and the "direct" oxygen abundances for these moderate metal-rich galaxies, though some arguments exist to doubt the accuracy discussed as following. One of the problems of 7(7325) is the contribution of re combination to the [O n]27325 line. However, this has been es timated by KBG03 using the formula given by Liu et al. (2000), who found that recombination typically contributes less than 5% to the [O II] line flux, which corresponds to a température error of only -2-3% or less than 400 K for their worst case. A correct treatment of recombination should take into account the effect of température gradients within ionized nebulae.The second problem is the inconsistency between the 7(7325) and the 7(5755) and 7(4072), presented byBresolin et al. (2005). By using the VLT/FORS spectra.Bresolin et al. (2005) obtained the 7(7325) for 32 H n régions located in some spiral galaxies,and 7(5755) and 7(6312) for only half of their sample since these two Unes are much weaker. In ad dition, [S n]4072. from which 7(4072) was derived, has been seldom detected, since its measurement is made difficult by low S/N ratio in the spectra. They compared these température val ues, and found that 7(7325) seems to overestimate the tempér ature if compared to 7(5755), while the opposite happens for 7(4072). However. the error-bars of the latter two températures are much larger than 7(7325), and these two lines are much weaker than 27325. We cannot measure the other temperaturesensitive auroral lines from most of our sample spectra. Another problem is that the 7[0 n] vs. 7[0 m] relation does not match the model fitting relation very well (see Fig. 1 of KBG03;

Fig. 1 .

 1 Fig. 1. The 27 combined spectra of the sample galaxies at rest-frame in the corresponding mass bins. The small figure inside each panel shows the auroral lines [O Il]/l/î7320,7330. The label for the mass bin of each spectrum is given in the bottom right corner.

  95Notes: Columns (1)-(17) consequently refer to:(1) the mass of the center value of the bin;(2) the ratio of [S II]46717/[S II]/16731 ; (3) the électron density; (4) the ratio of [O II]/U7320. 7330/[0 n]23727; (5) the élection température in low ionization région: (6) the élection température in high ionization région; (7) the oxygen abundances 12 + log(0/H) derived from élection temprature; (8) the dust extinction Ay estimated from Ha/H/3: (9) logarithm of the ratio of ([O I]]23727 + [O III]/U4959. 5007j/H/3: (10) logarithm of the ratio of [O rn]/U4959. 5007/[0 n]23727: (11) the 12 + log(0/H) abundances obtained by using the AE23 calibrations derived from DR4 (Eq. (2)): (12) the 12 + log(0/H) abundances obtained by using the R21 calibrations derived from DR2 (T04): (13) the P parameter [O m]/l/14959. 5007)/ ([O ll]23727+[0 m]/U4959. 5007): (14) the 12 + log(0/H) abundances obtained by using the P-method calibration of P01 : (15) the N2 index (=log([N Il]/16583/Ha)); (16) the 12 + log(0/H) abundances obtained by using the N2 calibration of PP04: (17) the log(N/0) abundance ratios derived from élection température method.1. IntroductionGamma-ray bursts (GRBs). the most energetic events in the Universe, were discovered accidentally in the 1960s(Klebesadel et al. 1973). Since then, GRBs hâve been the targets of intense research. However, the mechanism behind these bursts and the identity of their progenitors remain disputed.The durations and spectral properties of GRBs suggest a classification of short (of duration <2 s and hard spectrum) and long bursts (of duration >2 s and soft spectrum) (Kouveliotou ei al 1993; Hartmann 2005). Short GRBs are believed to originate from the merger of compact binaries such as double neu tron star binaries (NS-NS) and black hole-neutron star binaries (BH-NS). For long GRBs, the favored "core-collapsar" model starts from the idea of a rapidly rotating, massive star that has undergone extreme gravitational collapse and formed a central black hole(Wooslev et al. 1993; MacFadven & Woosley 1999; Klose et al 2004). According to the collapsar model, the prompt energetic structure of a long GRB is the resuit of energy dissi pation by internai, relativistic shocks, which may last seconds or minutes, at a radius of about 1014 cm from the center of the collapsed star(Hartmann 2005, and references therein). Moreover, the association between GRBs and supernovae (SNe) indicates that in many cases the parent SN population of GRBs is formed by peculiar type Ibc SNe.Wolf-Rayet (WR) stars are naturally considered to be the most favored candidates of long duration GRB progenitors. In the stellar évolution model ofHirschi et al. (2005), WR stars, which are massive short-lived stars, satisfy the main criteria for GRB production of black hole formation, loss of hydrogen-rich envelope, and sufficient angular momentum to form an accretion disk around the black hole. According to this model, a lower limit to the metallicity of subsolar value (typically between Z$mc and Zlmcn i.e., Z ~0.2-0.4 Z©) is also a criterion for GRB production. However, magnetic-field breaking poses some difficulties in producing GRBs(Petrovic et al 2005). To solve this problem, one possible scénario involves assuming that the star of lower metallicity rotâtes so rapidly that mixing occurs and the star chemically evolves homogeneously without a hydrogen en velope. Moreover, its lower metallicity (typically Z < 0.05 ZG) causes low mass loss and therefore the rétention of a high an gular momentum. Those conditions are necessary to produce a GRB(Woosley & Heger 2006; Yoon & Langer 2005). Therefore, it is impérative to confirm the presence of WR stars and déter mine more accurately metallicities in the région of GRBs.The subtype and number of WR stars, and the relative WR/O star number ratio, are related to the star-forming activity and the starburst duration in galaxies. We can achieve a deeper understanding of the evolutionary paths of long-duration GRB progenitors by detecting the WR populations within GRB host galaxies. Moreover, WR evolutionary models suggest that metallicity, one of the important diagnostics of the evolution ary historiés of galaxies, affects the properties of WR stars Page 1 of 11 Article published by EDP Sciences A&A514.A24 (2010) 

(

  and C1A = 0.7). and the ini tial mass function (IMF) proposed bySalpeter (1955). Ail comparisons performed in this work include a normalization to the sanie ACDM cosmological model and IMF. Ail magnitudes in this paper are in the Vega System.

2. Data réduction and measurements 2 . 1 .

 21 The sample sélection and data réduction One of the main goals of this work is to find evidence of WR stars in GRB hosts by means of optical spectroscopic analysis.

Fig. 1 .

 1 Fig. 1. Emission line fluxes were measured manually using SPLOT task in IRAF. The errors originated mainly from three sources: the first is the uncertainty in fitting both the continuum and the stellar absorption line; the second is the uncertainty in the flux measurement: the third is the Poisson noises from both sky and objects, which dominate the error budgets. Emission line fluxes corrected for Galactic extinction are given in Table3.

Fig. 1 .

 1 Fig. 1. The spectrum of host galaxy of GRB 031203. The spectral syn thesis fitting is plotted in red line. The strong émission lines are marked.

  4640 À, C III/C IV 4650. 4658 Â. and He II 4686 Â. when they exist. we adopt multiple Gaussian profiles to distinguish the broad component, which is mainly from WR stars, from the narrow component, which is mainly from nebulae. Nebular lines, blended within the bump, are also fitted. The FWHMs of narrow components of WR lines are set to be consistent with those of nebular lines. When carrying out the fit, the best-fit continuum is chosen very carefully, because the WR features dépend sensitively on the continuum estimâtes. We limit the overall wavelength shift of the blue and red features to be |Àd| < 3 A and the width of the broad component of WR lines to be ~3000 km s-1 FWHM. which are reasonable values found by(Brinchmann et al. 2008). The fluxes of WR bumps and WR lines are measured from the fitted spectra. The fits are shown in Fig.2. A significant He I 5875 A émission line, evidence of young stars such as WR stars, is detected in most of objects.3.2. Identifying the subtypes of WR stars and estimating their numbers

Fig. 2 .

 2 Fig. 2. The spectra of GRB hosts are plotted in the left panels. The continuums are marked using red Unes, which are the results of the Starlight fit using BC03 templates. The blue boxes indicate the WR blue and red bumps. The WR émission fines are marked in red dot-dashed fines. In the riglit panels, the fits of WR bumps are plotted in red profiles. The fits of individual WR fine and nebular fine are plotted in green and blue profiles respectively (for more details, please see the online color version).

  the contributions from nebular fines should be subtracted from the bumps.The number of WCE stars can be derived directly from the luminosity of the red bump, since that luminosity is only produced by WCE stars. WCE stars are usually represented by WC4 stars. The average C IV 5808 À fine luminosity of LMC WC stars is 3.2x 1036 erg s-1(Smith et al 1990;Crowther & Hadfield 2006).To détermine the number of WNL stars, we consider the lu minosity of the blue bump from which we subtract the contribu tion of WCE stars. The contribution of WCE in the blue bump

  adopted the value of k = 1.71 ± 0.53 given bySchaerer & Vacca (1998). WNL stars are usually represented by WN7 stars. The luminosity of a single WN7 in the blue bump. which dépends on metallicity. is 2.0 x 1036 erg s-1 for Z < Z©, or 2.6 x 1036 erg s-1 for Z > Z©(Schaerer & Vacca 1998). The first is adopted in this work, since our samples hâve lower metallicity than solar (see Sect. 4).

  uses only the flux of the broad He II 4686 À line. We use the first method in this work because it is more suitable for low resolution spectra, for which the broad He II4686 Â line cannot be separated clearly from the bump.

GRB 020405 -

 020405 The S//V* is 10. A blue bump can be seen clearly in the spectrum. Some broad WR lines. N II 4640 À, C III4650 Â. C IV 4658 À. and He II4686 Â are identified in the bump, which implies the presence of WNL and WCE. The weak C III 4650 À indicates the presence of WCL stars. The WR sub types and the number of WR stars cannot be verified since there is no red part to the spectrum. GRB 020903 -The S /N* is about 16. A strong blue bump is detected in the spectrum. Broad lines N V 4605, 4620 Â. C IV 4658 Â. and C IV 5808 Â indicate the existence of WNL and WCE stars (Brinchmann et al 2008). The number of WCE stars is estimated by using the luminosity of the red bump, which can be interpreted as being produced by 1070 ± 210 WCE stars. Adopting the value of k = 1.71 ± 0.53, the contribution of these WCE stars in the blue bump is 5.49 ± 1.81 x 1039 erg s-1. After subtracting the contribution of WCE stars, the luminosity of WNL stars in the blue bump is 4.23 ± 1.46 x 1039 erg s-1, which corresponds to 2117 ± 721 WNL stars. GRB 031203 -The S/N* is about 20. The strong signa ture of the blue bump is shown in the spectrum. The broad WR lines C IV 4658 Â, He II 4686 À are detected in the blue bump. In the red part, we do not detect the characteristic line of WCE. C IV 5808, which implies that the number of WCE in this galaxy can be ignored. Besides that, the other two WR lines, N III 4905 Â, N II 5720-40 are also detected. Ail of these WR features are indicative of WNL stars (Smith et al. 1996; Guseva et al 2000; Brinchmann et al 2008). The number of WNL stars is 1585 ± 540 as estimated from the luminosity of the blue bump. GRB 060218 -The S/N* is higher than 40. Many WR lines are identified. including N III4512 Â, N V 4620 Â, N II4640 Â, He II 4686 Â, He I/N II 5047 Â. and N II 5720-40 À. Ail these lines exhibit the characteristics of WNL stars (Massey 2003; Crowther & Smith 1997; Guseva et al 2000; Brinchmann et al 2008). Two WR lines, C III 4650 À and C II 5696 Â, are also identified. which are characteristic of WCL stars (Brinchmann et al. 2008). The presence of WCE stars cannot be confirmed. since no C IV 5808 line is detected. Using the luminosity of the blue bump. we estimate the number of WNL stars to be 324 ± 120. The luminosity of C III 5696 Â corresponds to 31 ± 10 WCL stars.The relative WR/O star number ratios are estimated us ing the luminosities of blue bumps and H/?. For the hosts of GRB 020405.020903,031203. and 060218, the ratios are 0.26 ± 0.08, 0.21 ± 0.06, 0.09 ± 0.02. and 0.11 ± 0.04, respectively. In summary, obvious WR features are detected in 4 out of 5 spectra of long-duration GRB hosts. except for GRB 980703, which shows no convincing WR bump but two WR lines.Moreover. the numbers of WR stars for 3 GRB hosts are in the range from 300 to 6000. which is consistent with the typical number of WR stars (~100-105,[START_REF] Vacca | Optical spectrophotometry of Wolf-Rayet galaxies[END_REF]Guseva et al 2000) in WR galaxies. High WR/O star number ratios are also estimated in these 4 GRB hosts Therefore. the presence of WR stars in these GRB hosts is verified. However. because of the small sample studied here. the conclusion that WR stars exist in ail the long-duration GRB hosts still cannot be confidently made. The results of this work in ail cases support the scénario that WR stars are the progenitors of long GRBs, and are consis tent with the previous studies described below.Hammer et al. (2006) first discovered WR stars in three nearby long-duration GRB host galaxies (GRB 980425, GRB 020903. GRB 031203) using deep spectroscopic observa tions. Since then, little has been done to detect WR features in long-duration GRB hosts.Margutti et al (2007) claimed that the identification of WR émission lines in GRB 031203 is uncertain. However. their Fig.3does show the strong WR blue bump.The N III 4640 Â and C IV 4658 Â blended broad lines can also be identified in the bump, which is not attempted in their work.Wiersema et al. (2007) did not detect the obvious He II 4686 Â and WR bump in GRB 060218. However, we note that the UVES spectra that they used were taken at a tirne close to the burst, which means that the significant contamination by the associated SN 2006aj cannot be ignored in the WR feature iden tification. In their work, an upper limit to the ratio WR/(WR + O) for the galaxy is estimated to be <0.4, which is consistent with the resuit (WR/O = 0.11 ± 0.04) estimated in this work.

Fig. 3 .

 3 Fig.3. The diagnostic diagrams of GRB host galaxies. In the left panel. [O III]/H/? vs. [N IIl/Ha relations is shown. The relation from Kewle\ et al (2001) is drawn in the dot-dashed curve. The solid curve is from Kauffmann et al. (2003). [O III]/H/3 vs. [S II] /Ha relation from Kauffmann et al (2003) is shown in the riglil panel.

  R23 method based on the empirical relationship between O/H and /?23-It is well known that the Te method is effective for métalpoor galaxies because the characteristic line [O III]4363 is only observable in this case. Out of 8 galaxies, 5 GRB hosts (GRB 990712, 020903, 030329, 031203, and 060218) clearly exhibit an [O III]4363 line, which implies that they hâve low metallicities and lie on the lower-metallicitv branch of the 7?23 diagnostic diagram. [N II]/[0 II] also provides a reliable means of locating a galaxy on the metallicity branch. As Kewley et al. (2008) suggested, the galaxies with log([N II]6583/[0 II]3727) <-1.2 lie on the lower metallicity branch. Ail of these 5 objects and the GRB région of GRB 060505 hâve val ues of log([N II]6583/[0 II]3727) < -1.2, while the entire GRB 060505 host galaxy lies on the upper branch, because of the value of its log([N II]6583/[0 II]3727) ^-1.2. The values of log([N II]6583/[0 II]3727) are given in Table 6. For another 2 GRB hosts, 980703. 020405, we cannot verify the metallic ity branch which on they lie because their [Nü]6583 lines are not detected. Moreover. we use log([N II]6583/Hû') to verify the metallicity branches (< -1.3 for lower branch; ^-1.1 for upper branch, Kewley et al 2008) for the sample. These three indicators provide the consistent results for these galaxies. For the 5 host galaxies that exhibit the [O III]4363 émission line, we use the Te method to calculate their oxygen abundances. Electron température and électron density are estimated using the TEMDEN task of IRAF, which is based on a 5-level atom program and was described by Shaw & Dufour ( 1994). The flux ratios of [O III] 7(4959 + 5007)//(4363) are adopted to calcu late électron température when available. Using the flux ratio of [S II] 7(6716)//(6731 ), the électron density can be derived. which is needed in the électron température and oxygen abun dance calculation.

  for both the upper and lower branches of 7?23-(0/H) solutions. We use indicators of [N II]6583/[0 II]3727 and [N II]6583/Ho-to break the 7?23 degeneracy. The estimated oxygen abundances and errors are listed in Table 6. The Te-based and 7?23-based metallicity estimâtes hâve an acceptable discrepancy of 0.03-0.3 dex, We now compare our metallicity estimâtes with those in the literature. There are four objects for which Te-based oxygen abundances hâve been estimated in the literature. For the host of GRB 020903, Hammer et al (2006) measured a 12+log(0/H)7; of 7.97. which is very consistent with this work (8.01 ) within the errorbars: Savaglio09 gave 8.22. which is 0.21 dex higher. For the host of GRB 030329, Levesque et al (2009) obtained 7.72 from Keck spectra. while we obtain 7.65. These two estimâtes are extremely consistent within the errorbars. For the host of GRB 031203, Prochaska et al (2004) obtained 8.10. Margutti et al. (2007) inferred 8.12, Levesque et al (2009) obtained 7.96. and Savaglio09 measured 8.02, while we obtain 8.14. Ail of these estimâtes are consistent within the errorbars. For the host of GRB 060218, Wiersema et al (2007) mea sured a 12 + log(0/H) value of 7.54, Levesque et al. (2009) ob tained 7.62, Savaglio09 measured 7.29, and we inferred 7.88, which is closest to the second value. The discrepancy between these works could be caused by contamination by the associated supemova. Savaglio09 gathered the very early-time spectra observed by Pian et al (2006) and Sollerman et al (2006). Wiersema et al (2007) acquired their spectrum within 1 month of the burst, while our spectrum of the host was taken in Dec. 2006, 10 months after the burst, and Levesque et al (2009) took the spectrum even later (19 months after the burst). In this case, the contamination of the GRB 060218 host galaxy by the light of SN2006aj was significant and lasted for several months. This contribution strongly affects measurements of émission lines; hence, the errors in the metallicity estimâtes for the early spectra might be large. Our resuit is close to that of Levesque et al (2009), w'hich is also derived from the latetime observation. Anyway. ail of them show this host has low metallicity. We do not compare our 7?23*based estimâtes with any other work, because different calibrations provide very different val ues, and we discussed the discrepancy between our own Tt and 7?23-based abundances above.

Fig. 5 .

 5 Fig.5. In the left panel, the 7^-based (the filled circles) oxygen abundances of long-duration GRB hosts are given. The red dashed line refers to the M, -Z relation of local star-forming galaxies from SDSS derived from Te method(Liang et al. 2007). In the right panel, we plot the /?23-based oxygen abundances of long-duration GRB hosts derived using formulae from Kobulnickx et al (1999) (the blue filled circles -oxygen abundances that break the degeneracy; the black star -oxygen abundances from mean value between the lower and upper branch). The open circle represents the entire host of GRB 060505. The red dotted line refers to the M,-Z relation of local star-forming galaxies from SDSS derived from R2t, method(Liang et al 2007). See the online color version for more details.

  (the Extrême Visual Explorer, PI: F. Hammer, GEPI and co-PI Lex Kaper, UvA) is a fibre-fed, optical-to-infrared multi-object spectrograph designed to explore the large field of view provided by the E-ELT at seeing limited conditions. It will enable to observe simultaneously multiple scientific targets in a 7' field of view with on of the three fiber setups provided, see figure 1. To achieve the scientific goals of OPTIMOS-EVE, the sky background has to be extracted with an accuracy <1%.

Figure 1 .

 1 Figure1. The three observational modes of OPTIMOS-EVE. From left to right: (1) the multi-object mode (MO).The MO LR mode will allow us to observed at low spectral resolution (LR, with R=5 000) 240 objects with a total aperture on sky of 0.3". The medium and high resolution modes will allow us to observe 70 and 40 objects within a total aperture of 0.9" and 0.72" and a spectral resolution of 15 000 and 30 000, respectively; (2) the medium Intégral Field Unit (MI): 30 IFUs composed of 56 fibers covering a surface of 2"x3". The spatial sampling is 0.3" and the spectral resolution is R=5 000; (3) Large intégral field unit mode (LI). It is a large 15"x9" IFU composed of 1650 fibers. The spectral and spatial resolutions are the same that in the MI mode.

Figure 2 .

 2 Figure 2. Flowchart of the sky subtraction algorithm. Examples are shown in the lower panels, with. from left to right: (a) sky émission mask (red boxes) produced by sigma-clipping, (b) residuals from the subtraction of the sky continuum over a 7' x 7' field using 120 sky fibres and a lh exposure time. (c) modeled sky background (red line) superimposed to the input sky spectrum (black line).

FigFigure 3 .

 3 Fig. 3.

Figure 4 .

 4 Figure 4. Right, panel: Accuracy of the sky background subtraction as a function of the number of dedicated sky fibers for the optical (blue) and near IR (red) wavelength domain. Left panel: quality of the extracted sky background in the MO mode at visible wavelengths (%). Simulations were done on a field of 7x7arcmin with 91 fibers randomly distributed on the sky. 110 objects fibres hâve been also distributed in the field of view. The quality of the sky background extraction in the object fibre is less than 0.9%.

FftoeFigure 5 .

 5 Figure 5. Simulation of 82 galaxies at z-8.8 in the J-band observed during 40 hours in the MO mode with ground-layer adaptive optics (GLAO). AU galaxies hâve a continuum in the J-band of m(AB)=28 and the Lyman alpha line has an integrated flux of 1 x 10ergs/cm2/s and FWHM=150km/s. Left panels: the Lyman alpha line detected after sky background subtraction in different fibers (black line). The input spectrum is shown in red. The S/N of the détection dépends on the quality of the sky background subtraction within each fiber. Emission sky lines hâve not been subtracted since such distant object émission lines are usually targeted in régions free of OH sky lines to boost the observational efficiency. Two sets of sky lines are visible at 1184-1187nm and 1193-1195nm. Right panel: EVE field-of-view and observational setup. The sky has been sampled with 120 fibers (half of the total number of available MO bundles; see open circles). The 82 simulated galaxies are shown as blue stars, while the red stars correspond to the fibers for which the measured spectra are shown in the left panels.

Figure 6 .

 6 Figure 6. Simulation of a z=8.8 galaxy observed in the J band during 40 hours in the MI (left panels) and MO+GLAO (right panel) modes. The galaxy has a J-band continuum of m(AB)=28 and the Lyman alpha line has an intégrâted flux of 1 x I0~19 ergs/cm2/s with FWHM=150km/s. Left panel: the Lyman alpha line is detected in the stacked central IFU spaxels after sky background subtraction (black line). The target illuminâtes nine central spaxels that hâve been summed up. The remaining spaxels are used for sky sampling. Right panel: simulation of observations in the MO mode of the same Lyman alpha line. The observational setup is the same that the one described in Fig. .

Table 1 .

 1 1: Balmer-line intensity relative to H3 in the case of He I recombination line Case B. T=10000K

	value of the extinction law at A.		
	Lines	h/lH3	/(Ai) -f3
	Ha	2.87	-0.35
	H~i	0.466	0.15

  Trager et al. (2008): Graves and Schiavon (2008) (see figure 2.2) .

	1	2	3	4	5	6	7	-0.10	-0.05	0.00	0.05
			084668					CN,		

  II] A3727/H/3 + [O III] A4959,5007/H/3 can either sample ail the ionized gas spreading over ail the disk, or only a single HII giant région in which most of the star formation activity is concentrated. The gap between the global properties and the mean properties of the ail galaxy is almost impossible to constrain since it require prior knowledge on their spatial distribution. To better control the bias on the dérivation of properties from global properties,

	derived from R23=[0				
	0.5	1.0	1.5	2.0	2.5
		Observed Wavelength [jzm]	

3. For galaxies with 0.3<z<0.8, the main properties of the ISM can be derived, as the extinction and metallicity, because the [077], HP and H7 still fall in the optical région. At higher redshifts, the lines are redshifted to near infrared wavelength in which only observation in atmospheric Windows (J, H, I< bands) are possible from ground-based télescopes. From Moustakas,

Kennicutt and Tremonti 2006. 

  ).

	However R23 and [N II]/Ha seem to correlate well, at least, for abundances above 1/4 of the
	solar values. [N II]/Ha measurements can also help to résolve the degeneracy of the 0/H-R23
	relationship.			
	Quantity	lst measurement	2nd measurement	notes
	Gas extinction	Balmer line ratio	IR/visble ratio	error <0.3dex
		correct for absorption	aperture corrected	
	SFR	mid-IR	Ha or H 3	error <0.3dex
			extinction corrected	
	Gas abundance	R23 extinction correct	[NII]/FTa	error ~0.1 dex

Table 3 .

 3 

1: Combination of measurements required for a robust détermination of physical quantities of distant galaxies. From

[START_REF] Hammer | Growth of Spirals: Secular or Driven by Mergers ? ArXiv Astrophysics[END_REF]

.

Table 3 .
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	Properties	fcovering	20%	fcovering --> 20%
	SFR	±0.70		dépend on the Hubble type:
				~15% missed in late-type
				underestimation in early-type
	Extinction	± 1 mag	negligible
	Metallicity	±0.14 de:r	negligible
	Effect of slit			

They hâve concluded that a minimum covering fraction larger than 20% is needed to avoid aperture effects. Above this covering fraction, the estimation of the SFR, Ay and metallicity are poorly affected by the aperture bias, see table 3.2. 2: Bias and dispersion on the integrated properties derived from SDSS nuclear spectra compared to those derived from global properties. From

[START_REF] Kewley | Aperture Effects on Star Formation Rate, Metal licity, and Reddening[END_REF] 

Table 3 . 3
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: Description of the low, medium and high spectral resolution samples.

  2.13. Each galaxy lias been observed during 8 to 24 hours. The intégral field spectroscopy allows us to dérivé the spatially resolved kinematic of their ionized gas. In addition, around 200 galaxies hâve been observed with long slit spectroscopy at moderate spectral resolution from FORS2/VLT, see

	OERS03.0488, z=0.46, (3"x2")	
	.	aA i AA
	Z	

details of the observation in the next chapter. These new set of observations offer unprecedent constrains on the kinematics & velocity field. gas chemistry and stellar population of intermediate redshift galaxies.

  The bulk of the VLT/GIRAFFE observations and ail the FORS2 observations hâve been carried out in the cosmological field Chandra Deep Field South (CDF-S)7. The CDFS is a widely surveyed région which has been observed with an unprecedented depth and coverage by groundbased and space télescopes, e.g. large surveys GEMS, COMBO-17, WDS and GOODS. The Great Observatories Origins Deep Survey (GOODS) is the principal survey in the field with a covering of 150 arcmin square. It combines imagery and spectroscopy observations, from Radio to X ray, from a wide number of instruments of NASA, ESO and ESA observatories[START_REF] Dickinson | The Great Observatories Origins Deep Survey[END_REF], see summarize of the GOODS observations in table 1.1. The ACS/HST data from GOODS provide details of few hundred of parsecs in IMAGES galaxies and a small région has a very deep ACS imagery, exposure time ~100 hours per filter, the Ultra Deep Field.

				The IMAGES survey
	Complementary data from literature		
	Instrument	Spectral domain	Observation	Reference
	ACS@HST	U, B, V, I	Imagery	Giavalisco et al. (2004)
	WFI@2.2m-ESO	U, B, V, R, I	Imagery	Arnouts et al. (2001)
	ISAAC@VLT	J, H, K	Imagery	Retzlaff et al. (2010)
	SOFI@NTT	J, H	Imagery	Vandame et al. (2001)
	IRAC@Spitzer	3.6, 4.5, 5.8 and 8.0pm	Imagery	Dickinson et al. in prep
	MIPS@Spitzer	24fim	Imagery	Chary et al. (2004)
	PACS@Herchel	100 and 160pm	Imagery	PI : Elbaz
				Observation in progress
	VIMOS@VLT	Optical	Spectroscopy	Popesso et al. (2009)
				Balestra et al. (2010)
	FO RS @ VLT	Optical	Spectroscopy	Vanzella et al. (2008)

1.1.

Table 1 .
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1: The GOODS observations

Table 2 .

 2 1. The minimum exposure time of each object in each grism is around 3 hours. The combination of 600z and 600RI grism allows us to detect lines from [OII]A3727A to[OIII]A5007A which are essential to dérivé the extinction and met.allicity of galaxies gaseous phase. Moreover, the spectral résolution (R~1200) offered bv the two grisms is large enough to analyze the stellar populations and to properly establish the extinction from Balmer lines ratio unaffected by Balmer underlying absorption. The set of 16h of observations hâve been carried in service mode and with the constrain of seeing (< 0.8") and skv transparency (photometric) imposed by the IMAGES survey. Table2.2 register ail the FORS2 observations.

	Grism	^central	Ai	A2	Dispersion	Résolution	Filter
	GRIS-600RI+19	6780	5120	8450	0.83	1000	GG435
	GRIS_600Z+23	9010	7370	10700	0.81	1390	OG590

Table 2 .
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		1: Spectroscopic properties of the grism used in the FORS2-IMAGES survey
		Field CDFS	Mask	Filter	Exposure time(min)	N exposures
		Fieldl	M059P76	600RI	176	4
		Field 1	M059P76	600Z	176	4
		Fieldl	M45MASK01	600RI	132	3
		Fieldl	M45MASK01	600Z	220	5
		Field 2	M060P75	600RI	132	3
		Field 2	M060P75	600Z	132	3
		Field 2	M045MASK02	600RI	88	2
		Field 3	M062P75	600RI	132	3
		Field 3	M062P75	600Z	132	3
		Field 3	M045Masque03	600RI	132	3
		Field 4	M043mask04	600RI	132	3
		Field 4	M056P75M04	600RI	132	3
		Field 4	M056P75M04	600Z	132	3
		Field 4	M065P75	600RI	132	3
		Field 4	M065P75	600Z	132	3
		Field 5	M063P75	600RI	132	3
		Field 5	M063P75	600Z	132	3
		Field 5	M44mask05	600Z	132	3
			Table 2.2: Journal of observations
	2.2	Data réduction		

Table 2
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	.3.2 shows the values of the zéro point and the

Table 3 .

 3 1: Equation use for the calculation of Ay as function of the detectability of the ffq line or IR

		if7 line detected	H7 line not detected
	IR détection	Ay= {Ay Balmer + Ay Ir)/2	Ay-Ay jr
	No IR détection	Ay= {Ay Balmer+Ay IR lim)/2	Ay=Ay iRUm
	Edge-on galaxies	-Ay Balmer	

luminosity.

  3.1 of the introduction part.

	-0.8	-0.6	-0.4	-0.2	0.0	0.2
		log([Olll]Â5007/[0ll]X3727)

Table 4 .

 4 1: Offset between local relation and the 3 redshift bin.

	Redshift bin	A[12 + log(OfH)]	errorA[12 -1-log{0jH)\
	0.40 < 2 < 0.55	-0.26	0.08
	0.55 < 2 < 0.75	-0.30	0.04
	0.75 < 2 < 0.95	-0.39	0.09

Table 4 .
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	100				
	-26	-24	-22	-20	-18

2: Main properties of the gas sample.

4-4-Evolution of the gas fraction

Table 5 .
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	Method	Young	Intermedia,te	Old
		age<300Myr	300 Mvr<age<l Gyr	age>lGyrs
	Full-spectra. fitting	20%	33%	47%
	SED fitting	5%	15%	80%

). The spectral energy distribution can be reproduced (red line) by a set of models with stellar âges t from 0.25 to 1.2 Gyr assuming r (SFR~exp(-t/r)) from 0 to 5Gyr. From Hammer et al. (2009a) 1: The contribution fraction of the young, intermediate and old stellar population on the total stellar mass of J033245.11-274724.0.

Table 5 .
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	2: The contribution fraction of the young, intermediate and old stellar population on
	the total stellar mass of J033227.07-274404.7 from SED fitting with SFR constrain. The second

row is the médian stellar-population mass fraction for solution in the 68% confidence interval.
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	Name	Instrument type	Science case
	CODEX	High Resolution	Exoplanet
	Pasquini et al. (2008)	High Stability	cosmological constant
		Visual Spectrograph	cosmology
	EAGLE	Wide Field, Multi IFU NIR	high-z galaxy
	Cuby et al. (2009)	Spectrograph with MOAO	resolved stars
	EPICS	Planet Imager and	Exoplanet
	Kasper et al. (2008)	Spectrograph with	proto-stars
		Extrême Adaptive Optics	
	HARMONI	Single Field	high-z galaxies
	Tecza et al. (2009)	Wide Band Spectrograph	Quasars
			Stellar population
	METIS	Mid-infrared Imager	Exoplanets
	Brandi et al. (2008)	and Spectrograph with AO	proto-stars
	MICADO	Diffraction-limited	Galactic center
	Davies et al. (2010)	NIR Caméra	stellar population
	OPTIMOS	Wide Field Visual MOS	high-z galaxy survey
			stellar population
			exoplanet
	SIMPLE	High Spectral Resolution	Chemical abundances
	Oliva et al. (2009)	NIR Spectrograph	

1.2.1 Consortium

The OPTIMOS phase A study combines two parallel studies, one investigating a fibre-fed MOS concept (i.e. this study regarding the Extrême Visual Explorer, PI F. Hammer, GEPI and 1: The 8 instruments planned for E-ELT, from D'Odorico et al. 2008. co-PI Lex Kaper, UvA), the other one exploring a slit-mask MOS concept (DIORAMAS, PI O. Le Fevre, LAM). Both studies prepared their own science cases and development plan. The shared work packages Detectors (RAL), Instrument Control Software (OAT-INAF) and Instru ment Control Electronics (RAL) support both studies. The OPTIMOS phase A study was coordinated by ES O responsible S. Ramsay and study manager F. Zerbi. The OPTIMO S-EVE consortium builds on the expertise of the FLAMES/GIRAFFE (optical fibre-fed multi-object spectrograph on the ESO Very Large Telescope), VLT/X-shooter (wide-band optical-to-nearinfrared spectrograph) and Subaru/FMOS (fibre-fed near-infrared spectrograph) consortia. The following partners constitute the OPTIMOS-EVE consortium: • GEPI: Galaxies, Etoiles. Physique et Instrumentation, Observatoire de Paris, France • NOVA: Nederlandse Onderzoekschool Voor Astronomie, University of Amsterdam, Rad-150 INAF:Instituto Nazionale di AstroFisica (Osservatorio astronomico di Trieste, Osservatorio Astronomico di Brera), Italy

Table 1 . 2
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	• A positioner that consists in a carousel containing four focal plates.	One focal plate
	(so-called 'active') contains the fibers buttons previously positioned and is aligned with
	telescope axis while the opposite focal plate is being configure.
		VIS arm	NIR arm
	# of spectrographs	2	2
	Wavelength	370-930nm	940-1700nm
	Spectral coverage	À/3	À/10
	Résolution MO	5000 15000 30000	5000 15000 30000
	Resolution MI LI	5000	5000

• Micro-lenses and fibers that transmit light from the active focal plate to the slit of the spectrographs. Micro-lenses and fibers are gathered in different kind of bundles, with different apertures and different fibre sizes in order to address the five science cases, see Fig.

1

.3. One kind of bundle is active at a time.

• Two dual beam spectrographs that can c.over three spectral résolutions (low (LR), medium (MR) and high (HR)) thanks to exchangeable gratings and a slit width adaptation (see Table

1

.

3). : Main characteristics of VIS and NIR arms spectrograph

A schematic overview of this System is shown in Fig.

1.4. It is designed to fit within the volume and mass limits of the focal plane station. OPTIMOS-EVE will allow to observe simultaneously multiple scientific targets in a 7" field of view. Five fibre setups are provided, see Fig. 1.3:

Table 1 .

 1 3: The pros and cons of slit and fiber multi-object spectrographs.

	1.2.	OPTIMOS-EVE

Table 2 .

 2 

	Emitter	Wavelength	Emission	Absolute	Remarks
			height(km)	intensity (R)	
	Hydroxyl OH	red and near-IR	86	4 500 000	Produced by the reaction
					of hydrogen with ozone
	02	1.27,1.58,1.9/rra	90	80 000	IR atmospheric bands
		7619,8645Â	80	6 000	Atmospheric bands
		2600-3800Â	90	600	Herzberg bands. Contribute
					to the blue pseudo-continum
	0	5577À	90	250	Very intense line. Accounts
					for 20% of the sky brightness
					in the V-band
		6300.6364Â	250-300	150	
	N	5200Â	260	1	Blend of several lines
	Na	5890,5896À	92	50	Strong seasonal variation

1: Nightglow radiation due to excitation by Chemical associations ordered by émission intensity, based on

Table 2 .

 2 2 summarizes the default parameters of the sky background subtraction algorithm used

for OPTIMOS-EVE.

19FITS stands for 'Flexible Image Transport System' and is the standard astronomical data format endorsed by both NASA and the IAU.

Table 2 . 3

 23 The spectrum in each spaxel corresponds to the total flux of the galaxy divided by the Nspaxei.

		U	B	V	R	I	J	H	K
	Seeing limited	57	59	62	65	69	73	76	80
	GLAO	61	64	67	70	73	77	81	83

: Percentage of energy enclosed in the S/N reference area of aperture 0.9". Measured from PSF simulations for a D = 42 m telescope. From E-ELT Spectroscopic ETC: Detailed Description,Liske.
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		Prompt channel	Delayed channel
	Time delay	~600Myrs	2-4Gyrs
	Host galaxy	Late-type	Early-type
	Stellar population	Young	Old
	Rate explosion	SFR	M stellar
		just formed WD	cumulative WD

1: Observed properties of prompt and delayed SN la channel.

Table 2 .

 2 1: SN la host galaxies observed with PPAK/PMAS at CAHA observatory during the pilot observation of 14-15 November 2009.

	2.3.	Data réduction and analysis

Table 2 .

 2 

		z	E(B-V)Ca,	SN	RA	DEC
					offset	offset
	NGC 0976	0.014327	0.110	1999dq	-5.1	-6.0
	NGC 0495	0.013723	0.072	1999ej	+17.7	-20.1
	UGC 5129	0.013539	0.022	200 lfe	-12.8	+2.2
	CGCG 207-042	0.031592	0.046	2006te	-7.3	-1.7
	NGC 105	0.017646	0.073	2007A	-3.7	+ 11.1
	UGC 4008	0.031584	0.047	2007R	-10.1	-9.9

2: SN la host galaxies 20The reader is referred to this section for a detail description of the methods used Chapter 2.

IFS observations of SN la hosts

Continuum subtraction

Table 2 .
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	Quantity		S/N in	A = 4020Â	
		5	10	15	20	30
	log M*	0.11	0.08	0.06	0.05	0.04
	< log U >l	0.14	0.08	0.06	0.05	0.04
	< log Z* >L	0.15	0.09	0.08	0.06	0.05
	Ay*	0.09	0.05	0.03	0.03	0.02
		17.73	8.55	5.92	4.23	2.81
	<7*	24.32	12.36	7.71	5.73	3.78

2.3, we présent the uncertainties tabulated in Cid

[START_REF] Fernandes | Semi-empirical analysis of Sloan Digital Sky Survey galaxies -I. Spectral synthesis method[END_REF] 

according to the S/N. In this paper, the authors used Monte-Carlo simulations to estimate the uncertainties of these quantifies depending on the signal-to-noise. 3: Uncertainties on the properties derived from the stellar continuum fitting, according to Cid

[START_REF] Fernandes | Semi-empirical analysis of Sloan Digital Sky Survey galaxies -I. Spectral synthesis method[END_REF]

.

Table 2

 2 .4. The properties of the SN 1999dq environment do not deviate strongly from the mean properties of the host galaxy. The onlv significant déviation is the one of the SFR: The SNIa is located in the région with more starformation of the ail galaxy.

		SFR	log(0/H)+12	log(0/H)+12	Av	EQW(Ha)	Sllratio
			03N2	R23 T04		
	SN position	0.14	8.78	9.05	2.20		1.15
		M© yr~l	dex	dex	mag	A
	Déviation	2.95	1.41	0.81	1.48		0.91
				in sigma		

Table 2 .
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4: Main properties of the host in the région of the SN and their déviations to the mean values in the galaxy (with S/N > 10).

Table 1 .

 1 The number and type of objects in the redshift quality classes: secure (2) for spectra contain more than two strong feature. insecure(1) when only one features was detected but with not very reliable supporting features. and single émission line(9) when the spectra had a single émission line without any features.

	Class	Galaxy	Star	QSO	Total	%
	2	169	19	4	192	83
	1	32	-	-	32	14
	9	7	-	-	7	3
	Total	208	19	4	231	-
	2. IMAGES observation				
	2.1. VLT/FORS2 Observations			
	Galaxies were observed with the VLT/FORS2 in the Chandra
	Deep Field South (CDFS) in the context of the ESO large pro-
	gram "IMAGES". We randomly selected 270 galaxies in 4 fields
	of 6'8 x 6'8. Observations were performed in MXU mode, using
	two holographie grisms. GRIS 600RI+19 and GRIS 600z + 23.
	at a spectral resolution of 6.8 A and covering a maximum w'ave-
	length range from 5120Â to 10700Â. The slit masks were pre-

pared using the GOODS catalogue

(Giavalisco et al 2004) 

and FORS2 pre-images. The arrangement of the slits were optimized to improve the number of objects observed. 270 slits hâve been placed among which 241 objects hâve /Ab < 23.5 mag. The min imum exposure time of each object in each grism is around 3 h.

Table 6 .
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	and radio détection
	from the Australia Telescope Compact Array 1.4 GHz (Afonso
	et al. 2006) hâve been used to identify Active Galactic Nuclei
	( AGN), see Sect. 3.3. The rest frame magnitude in J, ÀLband and
	the luminosity at 2800 Â hâve been derived by modeling galaxy
	SEDs using ISAAC and ACS multi-band photometry. Puech
	et al (2008) hâve evaluated that the random uncertainty of this
	method is less than 0.2~mag in Mk-A catalogue of Sample A
	with RA. Dec, z, Iab front the ACS, Mk, M./, Lir is given in
	We hâve completed our sample with 30 galaxies from
	Liane et al. (2006), referred hereafter as sample B. These
	7ab < 22.5 mag galaxies hâve been randomly selected in Canada
	France Redshift Survey (CFRS) 3h, Ultra Deep Survey Rosat
	(UDSR) and Ultra Deep Survey FIRBACK (UDSF) fields and
	observed with VLT/FORS2/MXU. This sample has Mk mea-
	surements and mid-IR détection obtained with ISOCAM. see
	Hamnter et al (2005) and Liang et al (2004a) for a complété
	description.

Table 2 .

 2 Number of galaxies (208 galaxies + 4 QSO) by spectral type in the IMAGES and selected sample: [OII], H/3. [Oui] and Ha émission

	lines detected (El); [On], ¥1/3. [Oui] detected (E2); [Ou] out of the
	wavelength range (E3); H/3 or/and [Om] out of range (E4); one or two
	émission lines detected (E5); galaxies without émission lines (Abs). The
	E3 galaxies correspond to low-redshift objects. In this work we hâve
	only selected the 5 galaxies with z > 0.4.			
		El	E2	E3	E4	E5	Abs	Total
	IMAGES	4	65	20	31	49	43	212
	Sample A	4	65	5	-	-	-	74

Table 2
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	),

Table 3 .

 3 Offset between local relation and the 3 redshift bin.

	Redshift bin	A[12 + log(0/H)]	errorA[12 + log(0/H)]
	0.40 < z < 0.55	-0.26	0.08
	0.55 < z < 0.75	-0.30	0.04
	0.75 < z < 0.95	-0.39	0.09
	an évolution of the M-Z relation from z ~0.45 to z ~0.85 of

A[ 12 + log (O/H)] = -0.13 dex.

Table 4 .

 4 Identified systematic uncertainties that could impact on the shift of the M-Z relation between local and z -0.6 galaxies.

	Possible bias	Z	Comments
	Aperture effect	0.1	See Sect. 5.2
	Stellar mass	-0.05	See Sect. 5.4
	Pettini & Page! (2004) calibration instead of the Denicolo et al.
	(2002) calibration, we do find a linear évolution of the métal con
	tent in galaxies and with a similar slope. As the évolution of the
	M-Z relation is strongly constrained at z ~0.6. the bias in the
	high-z sample will not change the shape of the évolution func-
	tion but only the slope. Even accounting for ail the systematics
	shown in Table 5. the observations from intermediate and high
	redshift samples are not compatible with the évolution found by
	Savaglio et al. (2005).		
	6. Discussion		
	6.1. Discarding the closed-box model
	We first compare our observations with a simple model of galaxy
	évolution: the closed-box model (Searle & Sargent 1972; Tinslev

Table 6 .

 6 Basic data from galaxies in sample A. The IR luminosity of galaxies has been estimated front the mid-IR catalogue of Le Floc'h et al.

Table 7 .
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	Name		Av		Av	Av	SFRk	SFRHh	SFR\jv
		Balmer	IR		Me vr 1	Meyr~'	Me vr-1
	J033237.26-274610.3			J-0.57	<1.74	7 49+0.42 "**-0.44	<21.02	s-'-S-'lSS	2.44
	J033237.49-275216.1	1 36+0-20 1 -0.20	0.78 ± 0.32	1.07 ±0.26	5.04 ± 2.50	7.16!2;7!	3.19
	J033237.96-274652.0	1 SO+0-64 1.5U_07o	<1.28	1 54+0-47 ^-0.50	<12.89	17 67+13 89 • -15.08	3.44
	J033238.77-274732.1	? 36+01? -^-0.15	1.68 ±0.32	2.02 ± 0.24	51.86 ±25.70	no co+27.08 /°.3 -27.08	5.33
	J033238.97-274630.2	0.00+l 13	0.92 ±0.31	0 46+û-72 -0.46	3.83 ± 1.90	7 10+3.12 1 -1.67	2.18
	J033240.04-274418.6			-		2.21 ±0.26	2.21 ±0.26	13.26 ±6.57	13 70+5.02 1 ji-°_5 02	1.68
	J033240.32-274722.8	7 7O+1.10 -1.30	<2.18	7 74+0.68 -0.79	<12.85	i3.8i:iHî	1.06
	J033243.96-274503.5	4 51+0-93	<1.79	o i c+0.62 -0.69	<8.47	45.28^;"	1.15
	J033244.44-274819.0	i 7n+0-26 1 -0.27	1.24 ±0.32	1.22 ±0.29	10.62 ±5.26	10 41+448	2.46
	J033245.11-274724.0	-7 10+0-39 -1 -0.41	<0.84	1 15+0-34 -0.36	20.8	™2oi	1.93
	J033245.51-275031.0	7 67+0-77 -u/-0.87	<2.84	" 7 ne +0.54 -0.58	<9.80		0.78
	J033245.63-275133.0	O	i	m	+ 1	O O	<1.79	1 07+0-33 1-U -0.33	<32.70	1 3 53+6-80 1J.J -6.80	4.13
	J033245.78-274812.9			-		<2.18	2.18'	<8.52	<8.54	0.72
	J033248.84-274531.5	0 96+a62 u'^-0.68	1.02 ±0.31	0 QQ+0.46 -0.49	1.11 ±0.55	l'Oôîïï	0.36
	J033249.58-275203.1	•7 03+0.48 -0.52	1.78 ±0.32	J 90+0.40 U-0.42	8.56 ±4.24	9.93*_"	1.32
	J033252.85-275207.9			-		2.20 ±0.31	2.20 ±0.31	21.64 ± 10.72	71 cc+10.04 -1. J 04	0.64

their absolute magnitude Mk and assuming an M/Lk = 1.

Table 8 .
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	Name	A.	loo I2"l iu= Hff	looILLÜ ,ut H8	Ioe 122SJIÜ Jue |() n |	12 + logO/H	
	J033238.97-274630.2	0.419	-	-0.34 ± 0.01	-	9.02 ±0.01	10.38
	J033240.04-274418.6	0.523	0.91 ±0.1	0.45 ±0.14	-1.04	8.291	10.72
	J033240.32-274722.8	0.619	0.75 ±0.14	0.25 ± 0.05	-	8.50 ±0.14	9.69
	J033243.96-274503.5	0.533	0.9 ±0.16	1.01 ±0.02	-	8.291	9.93
	J033244.44-274819.0	0.416	-	-0.26 ±0.01	-	8.91 ±0.01	10.73
	J033245.11-274724.0	0.436	-0.01 ±0.01	-0.47 ± 0.07	-	9.14 ±0.01	10.77
	J033245.51-275031.0	0.562	0.81 ±0.11	0.77 ± 0.01	-0.94	8.291	9.68
	J033245.63-275133.0	0.858	0.56 ± 0.04	0.24 ± 0.04	-1.21	8.69 ± 0.05	10.15
	J033245.78-274812.9	0.534	0.21 ±0.02	-0.1 ±0.01	-	>9.01	10.56
	J033248.84-274531.5	0.278	0.36 ± 0.08	0.38 ±0.01	-1.18	8.76 ± 0.04	9.74
	J033249.58-275203.1	0.415	0.36 ± 0.06	-0.31 ±0.01	-	8.97 ± 0.04	10.53
	J033252.85-275207.9	0.684	0.76 ± 0.03	0.66 ±0.01	-0.89	8.29*	10.14

Table 1

 1 

describes the overall properties of the galaxy, including photometric data, morphological parameters. kinemati cal data and long-slit spectral measurements. Photometric. kine matical and spectroscopic measurements are provided by the

Table 1 .

 1 Properties of J033245.11-274724.0. 

	Multi wavelength photometry. stellar mass and SFR			
	Mim)	Mb	Mv	Mk	Mstellar	SFR2S00	/24(J	SFR, K
					log(Me)	MJyr	mJy	MJvr
	-18.71	-20.12	-20.76	-22.05	10.8	1.9	0.353	21.7
	Morphology: evaluated in observed ; band (équivalent to rest-frame R band)	
	'hall	B/T	DIT	rbulge	**disk	/A),disk	incldisk	
	kpc			kpc	kpc	mag/"2	deg	deg
	1.7	0.14	0.51	0.13	1.45	20.4	39	-66
	Kinematics: from GIRAFFE measurements (Puech et al. 2008: Yang et al. 2008)
	Vflal	cr(disk)	v/<r	./disk	PA			
	km s-1	km s"1		km s" 1 x kpc	deg			
	290	74	4.0	841	70			
	Spectroscopv						
	WutOlIJ	Ha/Hfi	Cou	*2?	0,41	Ol	Nil	S FRh"
	Â					/Ho	/Hq	MJyj
	15	6.2	1.0	1.9	9.1	0.04	0.4	3.15

Table 2 .

 2 Décomposition into multiple components.

	Observed magnitudes -extinction (assuming late type disk color) -corrected values
	Component		b-z	cexi	ceu	bç	SFRc	^sicllar(C)
				/starburst	assum.			
		mag	mag	Or.		mag	MJyr	log(Mc)
	bulge	22.5	2.0	1.13	0	24.5	0.3	8.9
	disk	21.13	2.9	2.15	1.28	19.94	20.1	10.52
	foreg. arm	22.0	1.6	0.76	0	23.6	0.65	9.1
	backg. arm	22.74	2.3	1.41	0.65	23.6	0.65	9.1
	total	20.42	2.28	1.4	1.0	19.42	21.7	10.61

Table 3 .

 3 A comparative test of the perturbed disk and the merger remnant hypothèses. absence of significant outflow. it reveals a System not at equibbrium. difficult to explain except by a merger average disk velocity dispersion (74 km s'1 ) merger remnant unclear which penurbation other than merging can provide such a hot disk (<x > 56 km s'1 )velocity dispersion peak locations merger remnant only two minor mergers near the two locations mav explain such features in a perturbed disk very high disk star formation density merger remnant régulation of star formation between gravitational instabilities and porositv is expected in rotating disks (e.g. Silk discrepancy from the Tully Fisher merger remnant expected in a merger (e.g.Puech et al 2007) and quite unexpected in a perturbed disk (see above)

	Observed propertv	Best hvpothesis Comments
	much redder disk than the bulge	merger remnant rapid disk rebuilt is predicted (Govemato et al 2007): renewed disks are thus star forming and dustv (Lotz et al
	bar & two arms svstem	both	expected for both (see text)
	misaligned dvnamical axis	merger remnant in

Table 1 .

 1 Fluxes for J033227.07-274404.7 within 3.0 arcsec.

	Filter	Magnitude ± error	Magnitude ± error	Magnitude ± error
		within 3 arcsec	main galaxy	companion
	^KIS	22.7826 ± 0.0395	-	-
	Ceis	22.8260 ± 0.0395	-	-
	#ACS	23.3267 ±0.0194	25.280 ±1.180	23.830 ± 0.605
	Bms	23.5340 ± 0.0165	-	-
	Teis	23.2758 ±0.0419	-	-
	Tacs	22.9400 ±0.0118	24.396 ± 0.732	22.706 ± 0.336
	Buis	22.5642 ± 0.0248	-	-
	Les	22.3859 ±0.0137	24.689 ± 0.965	22.744 ± 0.394
	his	21.9494 ±0.0338	-	-
	ZACS	22.1979 ±0.0141	24.769 ± 1.295	22.898 ± 0.597
	-hsAAC	22.09 ± 0.02		

Table 2 .

 2 Fraction of different stellar populations for the best fit to the SED of J033227.07-274404.7.

		Young (Mvr)	Intermediate (Gvr)	Old (Gvr)	
		15	200	0.5	1	4	7
	best fit	<0.01	0.16	0.08	0.05	0.05	0.65
	médian 68%	<0.01	0.15	0.22	0.07	0.55	
	best fit	0.17		0.13		0.70	
	médian 68%	0.13 + 0.07	0.32 ±0.18	0.55 ± 0.21	

Table 1 .

 1 Prineiple propcrlics of the samplc of 35 galaxies used in tliis study, in ordcr of incrcasing RA (sec Sect. 2.5).

	IAU ID	z	D.C.	Pliai	A Pliai	log (Mstd|ar/M0)	57'/?uv	SFRm	SFR	A SFR	Kuv	A Rvv	AE|OII|	A/f|oii|	log (A7Eas/A7Q)	A log (A7Kas/A70)
	J033210.25-274819.5	0.6100	PR	150	26	10.29	1.68	-	5.7	4.1	4.46	0.10	9.80	1.83	9.82	0.33
	J033210.76-274234.6	0.4180	CK	550	123	1 1.44	3.25	5.27	8.5	0.2	4.18	0.08	5.65	0.18	9.89	0.04
	J033212.39-274353.6	0.4230	RD	180	22	10.61	1.04	16.18	17.2	0.3	6.27	0.08	8.25	0.94	10.21	0.1 1
	J033213.06-274204.8	0.4220	CK	130	22	10.19	1.69	-	4.3	2.6	7.29	0.09	18.35	0.86	9.89	0.20
	J033214.97-275005.5	0.6680	PR	190	90	10.92	7.01	40.46	47.5	0.7	6.42	0.12	9.19	0.69	10.53	0.08
	J033217.62-274257.4	0.6470	CK	250	43	10.38	1.89	16.70	18.6	0.9	3.16	0.11	11.94	2.86	10.24	0.27
	J033219.32-274514.0	0.7250	CK	270	29	10.39	2.81	-	6.4	3.6	3.74	0.12	6.96	1.02	9.78	0.28
	J033219.61-274831.0	0.6710	PR	190	33	10.27	3.36	-	6.7	3.3	2.93	0.11	10.41	1.99	9.89	0.30
	J033219.68-275023.6	0.5610	RD	230	33	10.88	5.06	18.61	23.7	0.4	6.75	0.10	12.71	2.31	10.33	0.21
	J033220.48-275143.9	0.6790	CK	70	24	10.18	2.15	-	6.1	3.9	2.54	0.11	15.73	3.19	9.96	0.33
	J033224.60-274428.1	0.5380	CK	90	27	10.08	1.72	-	5.6	3.8	3.88	0.10	8.42	1.55	9.78	0.33
	J033225.26-274524.0	0.6660	CK	80	26	10.56	5.05	-	7.5	2.5	2.92	0.11	10.57	1.74	9.93	0.26
	J033226.23-274222.8	0.6679	PR	200	24	10.72	3.17	17.53	20.7	0.8	12.52	0.13	13.84	0.53	10.44	0.04
	.1033227.07-274404.7	0.7390	CK	110	21	10.26	3.20	-	6.6	3.4	4.11	0.11	11.18	4.61	9.90	0.44
	J033228.48-274826.6	0.6697	CK	130	66	10.63	1.47	34.61	36.1	1.0	1.62	0.1 1	6.21	1.15	10.28	0.22
	J033230.43-275304.0	0.6460	CK	380	29	10.64	1.56	24.67	26.2	1.1	4.88	0.14	9.06	0.59	10.28	0.10
	J033230.57-274518.2	0.6810	CK	80	46	11.08	1 1.24	47.57	58.8	0.7	8.85	0.11	10.28	0.52	10.68	0.05
	J033230.78-275455.0	0.6870	RD+	200	43	10.66	2.92	-	6.5	3.5	7.61	0.11	7.93	1.71	9.96	0.25
	J033231.58-274121.6	0.7047	RD	140	41	10.10	3.22	-	6.6	3.4	6.28	0.12	12.14	0.08	9.92	0.14
	J033232.96-274106.8	0.4690	PR	210	117	10.01	1.45	-	4.9	3.5	1.24	0.09	6.03	0.15	9.66	0.20
	J033233.90-274237.9	0.6190	PR	200	107	10.66	5.69	17.88	23.6	0.6	2.94	0.10	12.92	2.75	10.33	0.24
	J033234.04-275009.7	0.7030	RD	160	29	10.09	2.86	-	6.4	3.6	4.26	0.11	10.52	3.45	9.88	0.40
	J033234.12-273953.5	0.6280	CK	110	44	99.99	3.26	25.82	29.1	1.4	3.73	0.12	6.37	1.33	10.25	0.22
	J033237.54-274838.9	0.6650	RD	230	71	10.70	7.88	22.26	30.2	0.8	6.53	0.11	11.50	1.65	10.40	0.17
	J033238.60-274631.4	0.6220	RD	210	33	10.53	2.13	-	6.0	3.9	5.91	0.1 1	11.99	3.47	9.89	0.39
	J033239.04-274132.4	0.7330	PR	130	39	10.14	3.60	-	6.8	3.2	2.84	0.11	10.09	5.14	9.88	0.49
	J033239.72-275154.7	0.4160	CK	30	36	10.31	4.19	6.61	10.8	0.3	3.06	0.08	8.87	2.43	10.00	0.29
	J033240.04-274418.6	0.5223	CK	470	214	10.77	1.67	15.38	17.1	0.4	1.95	0.09	5.1 1	0.43	10.00	0.12
	J033241.88-274853.9	0.6680	RD+	120	27	10.27	3.41	-	6.7	3.3	3.09	0.11	11.29	3.59	9.91	0.39
	J033243.62-275232.6	0.6800	PR	60	23	9.86	1.23	-	5.6	4.4	4.56	0.15	17.04	0.05	9.95	0.20
	J033244.20-274733.5	0.7365	CK	170	40	10.62	5.77	61.77	67.5	1.9	1.49	0.11	6.84	2.54	10.50	0.36
	J033245.1 1-274724.0	0.4360	RD	270	44	10.80	1.92	20.77	22.7	0.5	1.63	0.09	4.75	0.56	10.07	0.15
	J033248.28-275028.9	0.4462	PR	1 10	22	10.09	1.98	-	4.9	2.9	8.77	0.12	14.41	0.94	9.91	0.21
	J033249.53-274630.0	0.5230	PR	150	39	10.34	2.74	-	6.0	3.3	2.98	0.10	7.58	1.72	9.77	0.34
	J033250.24-274538.9	0.7318	CK	240	67	10.12	3.06	-	6.5	3.5	5.51	0.13	6.88	0.26	9.88	0.17
	J033250.53-274800.7	0.7370	PR	1 10	26	10.01	2.10									

Table 1 .

 1 Morpho-kinematical classification of 52 Zmedian = 0-65 galaxies.

	Redshift	-médian	0.65	-médian " 0.65	-médian -0.65	z = 0
		Starburst (60%)	Quiescent (40%)	Ail	local
		Wo(OII) > 15 Â	Wo(OII) < 15 Â	Ail	Ail
	references	N08		Z06	N08	N04
						H05
	E/S0	0%		57%	23%	27%
	Rotating spiral disks	23%		43%	31%	70%
	Non-relaxed &	77%		0%	46%	~3%
	intermediate svstems					
	Galaxies with					
	anomalous	68%		0%	41%	
	kinematics					

Table 2 .

 2 Classification of the quality of the mode! in reproducing mor phology and kinematics.

	IAU name	Class0	ci* ^LA		Cl* V-1FH		Cl* V"1MP	FC'
	J033210.25-274819.5	NR	212	5		6	222	6	6
	J033212.39-274353.6	RD	-	-	-	-	-	-	6
	J033213.06-274204.8	SR	221	5		5	211	4	5
	J033214.97-275005.5	NR	101	2		3	111	3	3
	J033217.62-274257.4	NR	022	4		5	122	5	5
	J033219.32-274514.0	NR	112	4		4	112	4	4
	J033219.61-274831.0	NR	121	4		4	121	4	4
	J033219.68-275023.6	RD	-	-	-	-	-	-	6
	J033220.48-275143.9	NR	111	3		2	010	1	2
	J033224.60-274428.1	NR	222	6		5	222	6	6
	J033225.26-274524.0	NR	120	3		3	110	2	3
	J033226.23-274222.8	SR	-	-	-	-	-	-	6
	J033227.07-274404.7	NR	222	6		5	222	6	6
	J033228.48-274826.6	NR	111	3		3	220	4	3
	J033230.43-275304.0	NR	122	5		5	212	5	5
	J033230.57-274518.2	NR	010	1		2	100	1	1
	J033230.78-275455.0	RD	-	-	-	-	-	-	6
	J033231.58-274121.6	RD	-	-	-	-	-	-	6
	J033232.96-274106.8	NR	121	4		5	221	5	5
	J033233.90-274237.9	NR	212	5		5	222	6	5
	J033234.04-275009.7	SR	211	4		4	121	4	4
	J033234.12-273953.5	NR	010	1		3	020	2	2
	J033237.54-274838.9	RD	-	-	-	-	-	-	6
	J033238.60-274631.4	RD	-	-	-	-	-	-	6
	J033239.04-274132.4	NR	121	4		3	120	3	3
	J033239.72-275154.7	NR	220	4		4	220	4	4
	J033240.04-274418.6	NR	220	4		4	220	4	4
	J033241.88-274853.9	SR	222	6		6	222	6	6
	J033244.20-274733.5	NR	210	3		1	100	1	1
	J033245.11-274724.0	SR	222	6		6	222	6	6
	J033248.28-275028.9	SR	221	5		5	221	5	5
	J033249.53-274630.0	NR	201	3		1	001	1	1
	J033250.53-274800.7	NR	222	6		5	122	5	5

Table l

 l 

) is then straightforward: ~6 Gyr ago, 46% of the galaxy population was involved in major mergers and most of them (75% x 46% = 35%) were sufficiently gas rich to rebuild a disk.

Table 3

 3 

	):

  11 Gyr ago). The Milky Way quiescent history is well illustrated by its exceptional pristine halo; combined with its lack of angular momentum and stellar mass, this may simply indicate that our Galaxy has exceptionally avoided any major merger during a large fraction of the Hubble time(Hantmer et al. 2007).

Table 1 .

 1 The basic properties of the 27 combined spectra.

Table 2

 2 lists the derived properties of the combined galax

Table 1 .

 1 Basic information of the GRB host galaxies.

	GRB	RAÛ	Dec"	2	Eq (B -V)b Type
	GRB 980703	23:59:07	08:33:36	0.966	0.061	long
	GRB 990712	22:31:50 -73:24:29 0.433	0.033	long
	GRB 020405	13:58:03 -31:22:22	0.691	0.055	long
	GRB 020903	22:49:25 -20:53:59 0.251	0.033	long
	GRB 030329	10:44:50	21:31:17	0.168	0.025	long
	GRB 031203	08:02:28 -39:51:04 0.105	1.040	long
	GRB 060218 03:21:39	16:52:02	0.034	0.140	long
	GRB 060505	22:07:01	-27:48:56 0.089	0.021	long?

  The sam ple has 8 objects including 7 long-duration GRB hosts and 1 possible long-duration GRB host (GRB 060505). The host of GRB 060505 was spatially resolved by VLT/FORS2 spectro scopic observations, therefore the GRB région and the entire host galaxy were studied, separately (see Thone et al 2008, for the imaging). The detailed discussion about GRB 060505 is given in Sect. 5Table 1 lists those 8 GRB hosts in our sample with the name. coordinate at 2000 epoch, redshift. and burst type. The detailed observational information (date, exposure time. seeing, grism.

Table 2 .

 2 Spectroscopic observations of GRB host galaxies from VLT/FORS2.

	UT Date	Exposure time(second)	Seeing'1 (")	Grism	Program ID
	GRB 980703				
	2004.07.15-17	8 x 1200	0.75	600Z	073.B-0482(A)
	2004.07.16-17	8 x 1200	0.75	600RI	073.B-0482(A)
	GRB 990712				
	2005.07.05-06	4 x 1800	0.59	300V	075.D-0771(A)
	GRB 020405				
	2004.07.15-16	9 x 1200	0.70	600RI	073.B-0482(A)
	GRB 020903				
	2004.07.15	6 x 1200	0.55	600B	073.B-0482(A)
	2004.07.16	6 x 1200	0.83	600RI	073.B-0482(A)
	GRB 030329				
	2003.04.10	6x600	1.18	300V	071.D-0355(B)
	2003.04.17	2x300	0.71	300V	071 .D-0355(B)
	2003.04.22	1 x 300	0.71	300V	071.D-0355(B)
	2003.05.01	2x600	0.51	300V	071.D-0355(B)
	2003.06.19	3x900	0.75	300V	271 ,D-5006(A)
	GRB 031203				
	2003.12.20	2 x 2700	0.50	300V	072.D-0480(A)
	2004.09.20	2 x 1800	0.60	300V	073.D-0255(A)
	2005.03.28	4 x 1200	0.69	300V	073.D-0418(A)
	2005.04.09	3 x 1200	1.26	300V	075.D-077KA)
	GRB 060218				
	2006.11.27	1 x 3100	0.97	300V	078.D-0246(A)
	2006.12.19-20	3x3150	0.72	300V	078.D-0246(A)
	GRB 060505				
	2006.05.23	2 x 1800 +1327+600	0.81	300V	

Table 4 .

 4 Dust extinction of GRB host galaxies. Notes.<al GRB site.(fc) The entire host galaxy. blend of some broad WR lines, such as N V 4605,4620 Â, N III 4634, 4640 Â, C III/CIV 4650, 4658 Â. and He II4686 À, and some nebular émission lines superimposed on the bump, such as [Fe III] 4658 À, He II 4686 Â, He I + [Ar IV] 4711 Â, and

	GRB	Ha/H/Î	Hy/H£	Av(Ha/H/3) AV( Hy/H0) £hg(£ ~W
	980703	-	0.46 ± 0.23	-	0.14 ±0.53	0.05 ±0.17
	990712	3.57 ±0.41	0.43 ±0.11	0.55 ± 0.03	0.50 ±0.15	0.18 ± 0.01
	020405	-	0.35 ±0.10	-	1.93 ±0.36	0.62 ±0.12
	020903	3.03 ± 0.91	0.46 ± 0.32	0.15 ±0.09	0.10 ±0.57	0.05 ± 0.03
	030329	3.16 ±0.57	0.45 ±0.12	0.24 ± 0.05	0.25 ± 0.20	0.08 ± 0.02
	031203	3.20 ± 1.79	0.44 ± 0.25	0.28 ±0.04	0.40 ±0.12	0.09 ±0.01
	060218	2.86 ± 1.64	0.46 ± 0.34	0.00 ± 0.02	0.10 ± 0.12	0.00 ± 0.01
	060505°3.54 ± 3.59	0.43 ± 0.72	0.53 ± 0.08	0.63 ± 0.35	0.17 ±0.03
	060505*	5.46 ±4.51	-	1.60 ±0.31	-	0.52 ±0.10

[Ar IV] 4740

Table 5 .

 5 Properties of WR stars in GRB hosts.0.18 ±0.09 654.39 ±326.21 1.52 ±0.31 97.22 ±42.90 10.65 ±6.06 114.87 ±65.37 8.08 ± 3.25 6.49 ±2.41 

	Ion	980703	020405		020903		031203		060218
		F	L	F	L	F	L	F	L	F	L
	blue bump (44650)°-								
	red bump (45008)	-	-	-		0.50 ±0.10 32.10 ±7.30	-		-	-
	CIII45696	-	-	-		-		-		3.76 ± 1.10 2.48 ±0.76
	WNL	-		-		2117 ± 721		5743 ± 3268		324 ± 120
	WCE	-		-		1070 ±210		-		-
	WCL	-		-		-		-		31 ± 10
	WR/O	-		0.04 ± 0.03		0.21 ±0.06		0.01 ±0.01		0.11 ±0.04

-

Table 6 .

 6 Metallicities of GRB host galaxies. Electronic density estimated from the [S II] flux ratio: 7(6716)/7(6731 ). (fc) Température in K estimated from the following flux ratios: [O III] 7(4959 + 5007)//(4363). (c) Metallicity, 12 + log(0/H), estimated using the effective température method. (d) Metallicity, 12 + log(0/H),

		980703	990712	020405	020903	030329	031203	060218	060505»	060505''
	YTSIIL	-	20 -200	-	CN	O	?	8	20 ~200	52.63 ± 43.20	120.68 ± 32.22	_	-
	Tc[OlU]b	-	16434.9 ±425.8	-	13 517.1 ± 335.2 17911.7 ± 325.012902.2 ± 305.2 15113.3 ± 335.5	-	-
	12 + log (0/H)(Te)c	-	7.812 ±0.15	-	8.014 ±0.15	7.653 ±0.14	8.142 ±0.07	7.883 ± 0.09	-	-
	12 + log(0/H)''	8.28 ±0.14	8.18 ± 0.12^8.10 ±0.12	8.11 ±0.127	8.06 ± 0.107	8.11 ± 0.117	8.16 ± 0.147	8.06 ± 0.147	7.99 ± 0.09
	(K 99J)												
	12 + log (O/Hp	8.44 ±0.15	8.47 ±0.15	8.53 ±0.15	8.50 ±0.15	8.56 ±0.16	8.51 ±0.15	8.50 ±0.16	8.57 ±0.15	8.66 ±0.167
	(K99_u)												
	log([NII]6583	-	-2.36	-		-1.47	-2.12	-1.23	-1.45	-1.36	-0.52
	/[OIIJ3727)												
	A('	0.144 ±0.532 0.551 ±0.025	1.927 ±0.359	0.146 ±0.086	0.244 ± 0.046	0.280 ± 0.040	0.000 ±0.018 0.526 ±0.081 1.601 ±0.310
	Notes.(fl) estimated following											

lrrhe ionization parameter, U, is the maximum velocity of an ionization front that can be driven by the local radiation field.

=(2.2) 

The cycle in which interstellar material forms into stars, is enriched with heavy éléments as a resuit of nuclear reactions, and is then returned to interstellar space via stellar winds, planetary nebulae or supernovae.

Re-run the search from different initial condition of the swarm.

The red-end of the PPAK spectra is affected by vigneting and the low efficiency of the detector at these wavelengths

Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation.4 This value is actually a lower limit, since the companion is bluer than the main galaxy, as is shown in the color map (Fig.2).

The ZENO simulation code was retrieved from Josh Barnes' website (http://ifa.hawaii.edu/~barnes/software.html). The code was improved by GPU (execution 10 times faster than CPU).

http://www.starlight.ufsc.br

Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation. 4 http://nedwww.ipac.caltech.edu/ http ://www. starlight, ufsc. br
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Comparisons between the Te-based (O/H) and those from empirical strong-line methods

In this section, we compare the Te-based O/H abundances of the sample galaxies with those derived from other "strong-line" ra tios, such as /?23, P-method and N2 (=log([N nJ/HoO) index. The corresponding parameters and the derived (O/H) abundances are presented in Table 2.

The R23 method

The /?23 parameter is widely used to estimate metallicities for metal-rich galaxies. The empirical relationship between O/H and P23 has been suggested and extensively discussed in the literature (see Pagel et al. 1979;McGaugh 1991;Kobulnicky et al. 1999;Tremonti et al. 2004, and references therein;Sect. 4 in this study). However, some recent observations show that the R23 will overestimate the log(0/H) abundances by 0.2-0.5 dex on the basis of about a hundred H II régions in the spiral galax ies M101 and M51 (KBG03; Bresolin et al. 2004Bresolin et al. , 2005;;Bresolin 2007;Garnett et al. 2004a).

Figure 7a shows how these combined SDSS galaxies (the filled circles) are distributed in the relationship between log(/?23) and metal-poor galaxies studied by Yin et al. (2007a) are also plotted. We will not présent here other H II régions from Garnett et al. (2004a) and Bresolin (2007) since these are spé cial H n régions in the center of the spiral galaxies and are not exactly the same case as galaxies with their integrated light of many H n régions studied here.

The combination of ail these observational data with Tebased (O/H) estimâtes shows that the R23 parameters resuit in double-valued abundances with a transition région of 7.9-8.2 of 12 + log(0/H) and 0.9-1.0of log(/?23)-We consistently find that most of our sample galaxies lie in the upper-branch with their 8.3 < 12 + log(0/H) < 9.0 and 0.4 < log(P23) < 0.75. Our samples are similar to those of CDT02, and more metal-rich than those of KBG03 and Yin et al. (2007a). Moreover, it is clear that generally the empirical calibrations for upper-branch resuit in higher log(0/H) abundances at a given P23< up to 0.6 dex.

We obtain a third-order polynomial fit for the total sample of these observational data (702, without considering the two most metal-rich H n régions from CDT02 and the three scattered ones with log(/?23) >10 from the SDSS) for log(P23) vs. log(0/H), which is given by the solid line in Fig. 7b, and by log/? 23 -73.13 -32.78x + 4.806*2 -0.230*3, (8) where 

The P-method

It is worth while comparing the Te-based abundances with those derived from the P-method, which is often assumed to give "reliable" metallicities for the metal-rich galaxies (Liang & Yin 2007). Pilyugin (2000Pilyugin ( . 2001a,b,b; as P01) suggested his P-method to estimate the oxygen abundances of galaxies in which the oxygen abundance can be derived from two parameters, P23 and Pilyugin & Thuran (2005, as PT05) hâve renewed the P calibra tions by including several improvements, such as enlarging the sample (~104 metal-rich H II régions). However, on the basis of ~20000 metal-rich star-forming galaxies from the SDSS-DR2.

we found that the oxygen abundances derived from this revised P-method (PT05) are ~0.19dex lower than those derived from the previous one (P01). and in particular are ~0.60dex lower than the Bayesian abundances obtained by the MPA/JHU group (Yin et al. 2007b). These abundance discrepancies strongly correlate with the P parameter and weakly dépend on the log(P23)

Appendix H Notes. Absolute magnitudes Mb and MK are corrected for galactic foreground extinction [START_REF] Schlegel | Maps of Dust Infrared Emission for Use in Estimation of Reddening and Cosmic Microwave Background Radiation Foregrounds[END_REF].(°} The magnitudes and stellar mass of the entire galaxy of GRB 060505 host.

Stellar mass vs. gas phase metallicity

The stellar mass of galaxy can be estimated from the stellar mass-to-light ratio and color following Bell et al (2003). We use the (B -V) color and Mk to estimate the stellar masses of GRB host galaxies. The formula is l0g

where MK is the #-band absolute magnitude and (B -V) is the rest-frame color. The coefficients ük and bu corne from Table 7 of Bell et al (2003). The stellar masses are listed in the last column of Table 8. We compare our results with previous work on GRB hosts (Chary et al 2002;Castro Ceron et al 2006, 2008;Savaglio et al. 2009). Our results are more consistent with the stellar masses derived by Castro Ceron et al ( 2008) within the errorbars. However, our results are systematically higher than theirs by ~0.3 dex. This discrepancy between the two datasets could be caused by the use of different MJLK ratios. The stel lar masses given by Savaglio09 are the lowest of ail previous work. Castro Ceron et al (2008) explain that the reasons for this discrepancy could be the different MJLx ratios applied and the underestimated dust extinction in Savaglio09. which is also confirmed by our dust extinction (see Table 4).

We plot our long-duration GRB hosts on the stellar massmetallicity (M* -Z) diagram (Fig. 5). The Te-and /?23-based metallicities are adopted and plotted in the left and right panels.