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The main objective of my tliesis was to provide us. for the first tiine, with a reliable view of the distant Hubble sequence, and its évolution over the past 6 Gvr. To achieve this goal, we hâve created a new morphological classification method vvhich (1) includes ail the available observational data, (2) can be easily reproduced, and (3) présents a negligible subjectivity. This method allows us to studv homogeneously the morphology of local and distant galaxies, and has the main advantage of presenting a good corrélation between the morphological type and dynamical State of each galaxy.

The first step has been to studv the évolution of galaxies using the IMAGES survey.

This survey allowed us to establish the kinematic State of distant galaxies, to studv the Chemical évolution of galaxies over the past 8 Gvr, and to test important dynamical relations such as the Tully-Fisher relation.

The information gained from kinematics is, indeed, crucial to guarantee a robust understanding of the different physical pro cesses leading to the présent day Hubble sequence. Using Intégral Field Spectroscopy, which provides a complété kinematic diagnosis, we hâve been able to test our new morphological classification against the kinematic State of each galaxy. We found that the morpho-kinematic corrélation is much better using our classification than other morphological classifications. Applying our classification to a représentative sample of galaxies at £ ~0.6, we found that 4/5 of spiral galaxies are rotating disks, while more than 4/5 peculiar galaxies are not in a dynamical equilibrium.

Applying our morphological classification to a représentative sample of botli local and distant galaxies, having équivalent observational data, we obtained a Hubble sequence both in the local and distant Uni verse. We found that spiral galaxies were 5/2 times less abundant in the past, which is compensated exactly bv the strong decrease by a factor 5 of peculiar galaxies, while the fractional number of elliptical and lenticular galaxies remains constant. It strongly suggests that more than half of the present-day spirals had peculiar morphologies, 6 Gyr ago.

Finally, I présent further studies concerning the history of individual galaxies at z < 1. combining kinematic and morphological observations. I also présent the first ever-estimated distant baryonic Tully-Fisher relation, which does not appear to evolve over the past 6 Gyr. In the coming years, our morphological classification and these studies will be extended to galaxies at 2 >> 1, thanks to the future ELTs.

I hâve also a very spécial thought for Ana Gomez, Christophe Sauty, Jacqueline Plancy and Sébastien Fontaine, whose great help and support was essential since I came to Paris for the first time. I cannot liide the sadness that leaving Paris, and the Paris Observatory, causes me. There are, a lot, a lot of things I am leaving here. It has been five years since I met Ana Gomez, Christophe Sauty and Jacqueline Plancy for the first time, during the réception for the new Ml students of the Paris Observatory, and six years since I met Sébastien. Do you remember that? Nevertheless, within this sadness, I am also very happy because I am going back to my country, with a lot of projects and responsibilities, to try to rnake a better Panama.

Thanks to SENACYT-IFHARU and the Technological University of Panama for the financial support during these five years. Of course, without it, I could not hâve corne to the Paris Observatory, nor gained my PhD. A spécial thanks to Bernardo Fernandez, who has supported and helped me since I was a student at the University of Panama.

Finally, but no less importantly, I want to express my rnost sincere gratefulness to the members of my thesis jury for their comments and great interest. Please, let me give a spécial thanks to my reviewers, Sidney van den Bergh and Denis Burgarella, whose interest in my thesis was evidently enormous and with whom I had the great pleasure to share a lot of rich discussions through the numerous emails we interchanged. I hope I did not forget anyone of those who were important during my five years in Paris. From the Big-Bang to the formation of galaxies

In appendix A, I îriake a more detailed explanation of the different approaches attempting to explain the évolution of the Universe from its "beginning" until the présent (see figure 1.1), as well as the principal models explaining the formation of the different structures of the Universe. In tins section (and in appendix A),

I refer especially to a framework based on the Big-Bang theory, which generally explain the évolution of the Universe beginning by a big "explosion", and a subséquent expansion (which continues infinitely, or later becomes a contraction with a Big-Crunch end). Tliis theory is the more accepted within the scientific community until the présent davs.

There are two principal model developed in order to explain the formation of large and small structures in the Universe: the "primordial collapse model" (PGM), and the "hierarchical model" (HM). Both of them confront eacli other.

The PGM proposes a top-down configuration, with the larger structures forming first and evolving to form the smaller ones. The HM lias been developed with a bottom-up configuration: the smaller structures form first, and evolve to form the larges! ones. However, it is the observational cosmology which lias the last word. (CMB), until the présent galaxies (Crédit: NASA/WMAP Science Team).

It, seems that a large part of observational results support the hierarchical model (see appendix A). Nonetheless, such a theoretieal scénario lias evolved significantly since its création (in the 60s) until the présent davs, in order to establish the best.

possible combination of parameters in agreement with the existing observational data.

Rodney DELGADO-SERRANO PhD t.hesis 1.1. Froin the Big-Bang to the formation of galaxies 2 = 3 2=1 2=0 Figure 1.2: ACDM model simulation on the Virgo cluster [START_REF] Jenkins | Evolution of Structure in Cold Dark Matter Universes[END_REF][START_REF] Thomas | The structure of galaxy clusters in va.ri.ous cosmologies[END_REF], for the Virgo Supercomputing Consortium).

Nowadays the most accepted model. adopted by a large part of the scientific community, is the so called ACDM (Lambda-Cold Dark Matter) model (see figure 1.2). It is an extension of the original CDM model proposed in the 80s (e.g., Primack V Blumenthal, 1984), even thougli it includes new parameter values to be in agreement with the most recent observations. The ACDM model supposes an expanding Uni verse composed of baryonic and cold dark matter (see appendix A). Such an expansion is accelerating thanks to a certain dark energy, which is represented by the cosmological constant A. This scénario predic.ts tirât the first baryonic structures to be formed hâve a typical size of the présent globular clusters (105-106 M©). Interestingly, tliese are also known to be amongst the oldest objects in the Universe. Inside these halos of baryonic matter, the first stars are formed.

Then, such structures evolve to form the largest ones (see more details in appendix A).

The cosmological principle

Tliis principle States tliat the Universe is homogeneous and isotropie. The first property refers to the fact tliat, at a given time, ail points in the Universe are équivalent to eacli other. The second one means tliat the Universe looks the sanie in ail directions. These two properties drive us to the original statement of the cosmological principle: "we do not live at a privileged location in the Universe".

Even if, at first glance, the Universe is not strictly homogeneous and isotropie (for example, if we onlv consider the Solar System, or the Galaxy), it appears to be so, with a good approximation, on sufficiently large scales.

However, the last affirmation in the precedent paragraph does not seem to be the case either. During décades, astronomers hâve been compiling catalogs giving PhD thesis
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Cosmology and galaxy classification tlie positions and magnitudes of galaxies. The resuit is showed in figure 1.3. As we can see galaxies appear to lie along filaments or within flattened structures (sheets) separated by voids. Moreover, concerning tlie isotropy of the Universe, one can well imagine that, an observer traveling very fast. with respect to tlie local mat ter vvill see galaxies (until a certain scale) movirig toward liiin in one direction and away from him in another direction. The isotropie property of the Universe is thus not true for ail observers. In addition to tlie above, one inust consider that the Universe evolves, while we are observing it at different epochs.

Figure 1.3: Image showing the distribution of galaxies in a redshift cône from the 2dFGRS (2 degree Field Galaxy Redshift Survey) [START_REF] Colless | The 2dF Galaxy Redshift Survey: spectra and redshifts[END_REF].

Is therefore the cosmological principle wrong? No, because of the following reasons.

On the one hand, one rnust replace the classic idea of homogeneity by the notion of "statistic.al homogeneity" (whereby the distribution is smooth onlv in an average sense), as well as understand how the Universe deviat.es from perfect smoothness. In tliis context, if we hâve a homogeneous distribution and we add déviations on it. which we could call inhomogeneities, tlien tliis vvill cause différences between locations to appear by chance, and any statistical measure of the inhomogeneities is independent of position [START_REF] Rodney | The oxford companion to cosmology[END_REF]. As an example, we can consider two people rolling two dice (each one) a large number of times. Even if their individual sequences will differ, tliey will still sliare statistical properties such as the mean v^alue and its standard déviation [START_REF] Rodney | The oxford companion to cosmology[END_REF]. On the other hand, one also must consider that raudoni velocities of Rodney DELGADO-SERRANO PhD thesis 1.1. From the Big-Bang to the formation of galaxies galaxies, as well as the velocities of the stars inside them, are small if we compare these velocities to the relative velocities of galaxies separated by larger distances (~several tens of Mpc). Thus, any observer looking at the Universe at sufficiently large scales is, in a good approximation, a fundamental observer. and observations (in bleu) [START_REF] Springel | The large-scale structure of the Universe[END_REF].

Therefore, based on [START_REF] Gunn | The Friedmann models and optical observations in cosmology[END_REF], we can rewrite the cosmological principle as follows: the Universe appears statistically homogeneous and isotropie to ail fundamental observers at a given cosrnic tirne. Two important observations in agreement witli tins are the CMB (see figure A. 10) and the fac,t that the Hubble law seems to be independent of the direction of observation. Furthermore, the well knowri ACDM model simulations (see section A.2) are in good approximation with observations of large scale structures (see figure 1.4 and 1.5). ACBAR observations (Reichardt et al., 2009)(see also [START_REF] Challinor | Lecture notes on the physics of cosmic microwave background anisotropies[END_REF] for a general explanation).Right:Comparison between the température anisotropy power spectrum derived from the ACDM model and values determined from seven years of WMAP data [START_REF] Larson | Seven-Year Wilkinson Microwave Anisotropy Probe[END_REF].

This fundamental principle thus allows us to connect distant objects to local ones. This is a kev condition for the goal I wanted to reach with my thesis. wliich assumes that galaxies seen at a look-back tirne of ~6.5 Gyr are the progenitors of the present-dav Hubble sequence (see chapter G). Therefore, the cosmological principle allows us to link these two epochs independently of the line of sight1, establishing that one can compare distant galaxies and local ones.

Morphological classification of galaxies

Galaxies are complex objects containing several tens of billions stars, as well as gas and dust. Present-day galaxies are regular and relaxed Systems, and are made of a dispersion-supported bulge surrounded by a rotationally-supported disk. They ail fit into the initial morphological scheme proposed by Hubble (192G), which is called the Hubble sequence and will be described below.

A morphological classification of galaxies lies in classifying galaxy shapes on tlie basis of tlieir images.

Looking for sorne similar features, vve can separate galaxies into differents groups. However, if we want to catch a physical meaning, this task is inuch more complicated than it could be expected at first glance.

Before starting to talk about the morphological classification of galaxies sonie questions need to be answered: how we define the sample?, is this sample représentative of one or ail kinds of galaxy populations?, which methodology should be used to classify the galaxy morphologies?, which parameters will be included in such methodology?, can it be reproduced in otlier samples?, and can it be independent of liurnan judgment (opinion)?

Considérations on the classification of a galaxy sample

Since the beginning of the past century, astronomers hâve been gathering images of galaxies from the Local Universe (and very recently from the Distant Universe).

The number of Local galaxies being pliotographed hâve thus increased enormously from a few hundreds in the 1920s [START_REF] Hubble | Extragalactic nebulae[END_REF]1 to almost a million in the 2000s (e.g., de Vaucouleurs et ai, 3; and the SDSS catalog). We can then infer that compared to the "sample" of local galaxies existing in the 1920s, at présent we now hâve available a truly exhaustive "library" of Local galaxies.

The methodology followed bv Hubble to classify the morphology of galaxies was the simples! one. He first separat ed objects with regular forms from tliose witli irregular ones, tliese last representing 2 or 3 per cent of lus sample. He then separated the regular objects in different groups, each one following a common feature. This gave two main groups: elliptical and spiral galaxies. Finally, he subdivided each group in subgroups (see subsection 1.2.2). At this stage, one can ask oneself if there could be sorne kinds of galaxy morphology that could be missed in the relative srnall Hubble's sample, as he did not hâve access to the whole library of the local galaxies. Indeed, if we consider that lenticular galaxies were added after Hubble papers, we could consider so. However, it was just a problem of définition [START_REF] Sandage | Galaxies and the Universe[END_REF]van den Bergh, 2009). Then, we can conclude that, thanks to the cosmological principle, the probability of missing sorne morphological types is very small (even if the size of the sample is relatively 2I refer here to galaxy images with enough résolution and surface brightness to be morphologically classified. Galaxies hâve been photographed since the 18th century, as they were arnong the objects known as "nebulae" in the Messier catalog (1784). Furthermore, Sir William Herschel (1738-1822) and his son, Sir John (1792-1871), constructed a larger catalog (the first of the entire -north and south-sky) of about 4 630 nebulae (1864), which was replaced later by the Dreyer "s New General Catalog (NGC) in 1890.

3The Tliird Reference Catalog of Bright. Galaxies.

PhD thesis
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Cosmology and galaxy classification small and the sky zone being observed is limited)4. Nonetheless, [START_REF] Impey | Low Surface Brightness Galaxies in the Local Universe. I. The Catalog[END_REF], bv studying a sarnple of failli galaxies, concluded that when samples are limited bv a sélection bias (the flux in this case), they can exclude large number of objects having structures which may be important for the understanding of the galaxy évolution (rings, bars, etc.). Taking into account that the main sélection bias during the beginning of the past century was the surface brightness limit imposed by the small telescope diameters at such epochs, it explains the évolution of the local Hubble sequence diagram from 1936 ( The Realm of the Nebulae by Hubble5) to the revised one by de Vaucouleurs (1959) (see subsections 1.2.2 and 1.2.3).

A fundamental considération when studying a sarnple of galaxies is therefore:

"the sélection criteria". Rather than being only concerned by the number of galaxies in the sarnple, could a sélection criterion lead to a représentative sarnple6 that misses a galaxy type population (e.g., E/SO galaxies)? Yes, it does. One example I experienced myself during my tliesis is the comparison of the work we made in Neichel et al. (2008) and that in Delgado-Serrano et al. ( 2010) (see chapters 5 and 6). By taking a sélection criterion (équivalent width of the 0 [II] émission line larger than 15À), which is not related to the morphology of galaxies, we found in Neichel et al. only spiral and peculiar galaxies. Tliis further influenced the methodology used to classify the galaxies defined in botli papers, which was limited in the first one. Therefore, the définition of a spécifie sélection criterion can lead to a spécifie sarnple of galaxy images, which could miss sorne morphological types populations, and even could affect the methodology defined for the galaxy classification.

The classification methodology could also be affectcd by the observational data available. One example is the comparison between a sarnple of galaxies wliere each galaxy lias images with different filters, and another sarnple wliere each galaxy lias only one filter observation. In the first case, the color of each galaxy could play an important rôle in the classification process, while in the second case, the color is not taken into account.

Additionally to the above réfactions, I want to draw the reader's attention to 4For example, if we consider only the elliptical galaxies, which represent the smallest fraction (~3%) of the local galaxy population (see chapter 6), the probability of [START_REF] Hubble | Extragalactic nebulae[END_REF], using a sarnple of 400 galaxies, to miss the elliptical population is roughly 0.000005. Note that if we consider the elliptical/lenticular population with a fraction of ~17%, following the Shaplev-Ames Catalog, the probability of missing such a population by Hubble goes down to 4.28xl0",i:i.

I assumed here that galaxies aie randomly distributed over the whole sky.

5 [START_REF] Hubble | Realm of the Nebulae[END_REF]. 6see subsection 4.2 for a discussion about the representativeness of a sarnple, and its possible effects on the galaxy évolution studies.
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PhD tliesis the characteristics of the images used to classify galaxies. Images play the main rôle for the morphological classification process, and should be considered seriously:

• Depth: Figure 1.6 shows two images of the saine galaxy with identical scale and orientation. Nevertheless, as we can see, one could tliink tliat these two images illustrate two different objects. Thus, morphological classification strongly dépends on depth.

• wavelength range: Observations of the saine galaxy in different wavebands reveals different information, as it is shown in figures 1.7 and 1.8. Therefore, even if each band image is very useful to study and to better understand ail the components of a particular galaxy, there is no meaning in comparing two galaxies using different bands. If such was the case, one could classify nearly identical objects in different classes just because we are not comparing the saine information. Tins problem should be treated carefully wlien comparing galaxies at different redshifts, sirice the Doppler 7 shifts the observable wavelength compared to the rest-frame wavelength. For example, an R-band (SDSS) image for a local galaxy and a z-band (ACS/HST) for a galaxy at z=0.7 allows us to sample the saine rest-frame wavelengths.

• Résolution: The spatial résolution of the images can also change the way we can see a galaxy. It. dépends on the PSF (FWHM), which gives the smallest resolution element of the observation. Evident ly, for a given galaxy, the better the spatial resolution of its images, the better the details we can distinguish on it. Therefore, if we compare two different galaxies with different spatial resolution images, we are not looking at the sanie degree of details8. As a conséquence, we inav not be "measuring" the saine information. Furthermore, if the galaxies are at different redshift (distances), one must pay attention to niake the différence bet.ween the angular spatial resolution (arsec/pixel) of the instrument, and the linear proper spatial résolution (kpc/resolution element) of the galaxy being observed.

The last considérations to be evoked liere is the reproducibility and subjectivity of the morphological classification method. For this, I just want to draw the reader's attention on the study carried out by Naim et al. (1995). Thev took 831 galaxies to be morphologically classified (by eye) by six astronomers, investigating the question whether different astronomers place a given object in the sanie class wlien they work from identical material. Interestingly, in many cases, two astronomers placed the saine galaxy in different classes with a non-negligible 'Note: "Doppler effect." isn't really correct, as the "cosmological redshift" has the saine effect as the Doppler effect but the cause (an expanding Universe) is completely different.

8such details will also dépend on the number of photons by element of resolution, which dépend on the exposition time, and is defined by the "Depth" of the image.

PhD thesis
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Cosmology and galaxy classification scatter. I could call t.his the Human Feeling (HF) bias. Sucli a HF bias makes advisable to look for a quantitative analysis wliicli could verify the qualitative one.

Finally, according to the above considérations for a morphological classification of galaxies, I ean cite the following conclusions:

(1) any galaxy sample rnust be homogeneous, in the sense that ail galaxies in it must hâve the sanie kind of information, (2) the criteria used to separate the galaxy morphologies into classes must lead to a unique classification, making it a reproducible process.

When different parameters are used, the order of tlieir application must be carefully established to reduce its inhérent subjectivity (to avoid that a same galaxy could be placed into more than one class). With this objective, the parameters should also be quantifiable.

(3) Such parameters should be as close as possible to physical properties (e.g., D/T, which represents the ratio of the disk flux to the total galaxy flux, is correlated with the amount of rotational support). littp: / / www.astro.wisc.edu/).

Figure 1.8: Different appearances a galaxy could hâve if observed at different wavelengths from Sheth et ai (2003). Frorn left to right: NGC 4303 in UV, B-band.

and I-band, respectively.

The local Hubble sequence

The iriost used morphological classification scheine is the "Hubble sequence", which was initially introduced by [START_REF] Hubble | Extragalactic nebulae[END_REF]. In his first version, based on the optical appearance of galaxy images on photographie plates, Hubble proposed three general classes: ellipticals (En10), spirals (S or SB* 11), and irregulars (Irr).

In 193612, lie presented the first "Hubble tuning-fork diagram", as it is shown in figure 1.9. Here, Hubble added the "more or less hypothetical type S0", presented as a necessary intermediate State between early type galaxies (ellipticals) and late types: elliptical (E), lenticular (Sü), spiral (S or SB), and irregular (Irr). However, tliis last type of galaxies (irregulars) was considered at that time as not finding a "place in the sequence of classification" because they "show no evidence of rotational symmetry". For this reason it does not appear in the original diagrain (figure 1.9). It is important to note that in 1936 scientists believed that the Hubble diagram revealed a time évolution of galaxies, and it was thus called "a sequence". Indeed, it was believed that "elliptical galaxies formed first in the universe history and becomes spirals with time, but after being lenticulars". We keep calling elliptical galaxies as early type galaxies and spiral galaxies as late type galaxies for this reason. (1936).

Later studies developed a more detailed Hubble diagram (e.g., [START_REF] Sandage | Galaxies and the Universe[END_REF]Sandage &;[START_REF] Sandage | A revised Shapley-Ames Catalog of bright galax ies[END_REF][START_REF] Sandage | The Carnegie Atlas of Galaxies[END_REF] using larger catalogs of galaxies. However, they ail follow the sanie principle: galaxies are organisée! from pure bulges (ellipticals) to increasing disk contribution to their light or mass (SO to Sc). Contrary to figure 1.9, in these later diagrams real examples of Sü galaxies are found.

The main types in this classification are the following:

• Ellipticals: these galaxies are characterized by their ellipticity e=(a-b/a),

where a and b are respectively the major and ininor axes of the ellipse formed by the projection of the galaxy on the sky's plane. They are also noted as En, where n=10e (n value goes from 0 to 7).

• Lenticulars: SO galaxies guarantee the transition between elliptical and spiral galaxies. They hâve a bulge and a disk. Nevertheless, they don't présent spiral arrns.

Rodney DELGADO-SERRANO
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• Spirals: they are composée! by a bulge and a disk, and tliis lat-ter (tlie disk) could présent spiral arms which are attached to the bulge. For instant, this type of galaxies can be divided in subclasses (Sa to Sd) according to the increase résolution of spiral arrns and the decrease importance of the bulge compared to the disk.

• Irregulars: Originally, these galaxies were separated from the others mainly because of the absence of a rotational symmetry [START_REF] Hubble | Realm of the Nebulae[END_REF]. Morphologically, these objects are characterized by a lack of a conspicuous nuclei and/or by a non symmetric shape.

1.2.3 De Vaucouleurs's Révisée! Classification Scheme de Vaucouleurs (1959)13 classification keeps the basic division of Hubble one.

However, lie introduced a more detailed classification for spiral galaxies, since there are at least three more characteristics which deserve more attention: bars, rings, and the spiral arrns. It is a consistent scheme which includes ail or inost of the recent révisions and additions to the standard classification. While the Hubble's diagram is two dimensional, de Vaucouleurs developed a classification tliat can be seen as three dimensional (see figure 1.10). This new "classification volume" is explained in the following.

The presence of a bar is noted by a "B", while its absence by an "A". Then, a spiral galaxy is represented by "SB" or "SA" when it lias or not a bar in its center, respectively. An "SBA" représentation is adopted as intermediate class,

when the galaxy lias mixed characteristics (weakly barred). Similarly, lenticular galaxies could be "SAü" (unbarred), "SBO" (barred) or SABO (intermediate class).

However, when it is impossible to tell if the galaxy lias a bar or not, it is noted only by an "S" in the case of a spiral galaxy or by "S0" if the galaxy is lenticular.

The presence of a ring is distinguished with an "(r)", while its absence with an (s). An intermediate type is noted (rs). Nevertheless, de Vaucouleurs expressed himself tliat the "(s)" Symbol warns, more exactly, about the presence of spirals (an "S-shaped" type). Then, the "distinction between the two families A and B and between the two varieties (r) and (s) is rnost clearly marked at the transition stage Sü/a between the Sü and S classes. It, vanishes at the transition stage between E and Sü on the one hand, and at the transition stage between S and 1 on the otlier" (see figure 1.10).

Taking into account the tightness of the spiral arms, de Vaucouleurs extends 13"Classification and Morphology of Externat Galaxies", where he also makes a remarkable summary of alrnost ail the galaxy classification history until 1959. the Hubble's diagram. After de Vaucouleurs, we can distinguish four stages along each of the four spiral principal sequences SA(r), SA(s), SB(r), SB(s), noted a, b, c, d for "early", "intermediate", "late" and "very late". Intennediate stages are Sab, Sbc, Scd. We can tlius hâve, for example, a SB(s)c or a SA(r)ab types. For the transition to the magellanic irregulars the notation Sm is used (e.g., the Large Magellanic Cloud is a SB(s)m type). In the case of elliptical or lenticular galaxies, the signs "+" and are used to dénoté "early" and "late" subdivisions. "In botli the SAO and SBü sub-classes tliree stages, noted S0 -, S0 deg. S0 + are thus distinguished; the transition stage between S0 and Sa, noted Sü/a by Hubble, rriay also be noted Sa-". Finally, irregular galaxies, as the Small Magellanic Cloud, are noted Im. Figure 1.11 shows a table comparing Hubble's and de Vaucouleurs's classes. In here, as well as in figure 1.10, there is no mention of the (R) "type" galaxies (e.g., an (R)SA galaxy). This (R), preceding the Symbol of the class, was used by de Vaucouleurs to distinguish those galaxies with an outer ring-like structure which appears in ail four sequences near the transition stage SO/a. However, this particularity was consider Rodney DELGADO-SERRANO PhD t.hesis as not. so important along any definite line of évolution. It was more characteristic of a certain stage of évolution. One example of galaxy having an outer and an inner ring could be NGC 6753, which is noted an (R)SA(r)ab galaxy by de Vaucouleurs (see figure 1.12).

Figure 1.12: Images of NGC 6753. Left: band blue (À = 440 nm) from dss. Middle: band red (A -640 nm) from dss. Right: band i (À = 801.2 nm) from HST/WFPC2.

Yerkes's Classification Scheme

This is a classification of galaxies introduced by W.W. Morgan [START_REF] Morgan | A Preliminary Classification of the Forrns of Galaxies According to Their Stellar Population[END_REF][START_REF] Morgan | Preliminary Classification of the Forrns of Galaxies According to Their Stellar Population[END_REF], who worked in the Yerkes Observatory in Wisconsin (University of Chicago).

It, is based on the central luminosity of galaxies and its spectral features. These allow to dérivé the stellar populations locked in the inner région of the galaxy, using the MKK System [START_REF] Morgan | An atlas of stellar spectra, with an outline of spectral classification[END_REF][START_REF] Morgan | Spectral Classification[END_REF]. At that tirne, the main idea was to distinguish eacli galaxy by their stellar composition, which was not taken into acconnt by the Hubble classification alone. Was this new classification really necessary? Let Morgan answer that question himself: " a valid and précisé définition of an empirical System of classification can only be in ternis of the observed properties of the specirnens classified in each category.

As the amount of observational evidence increases, the ideas on which the new classification is based are subjected to increasingly critical tests. "(W.W. [START_REF] Morgan | Preliminary Classification of the Forrns of Galaxies According to Their Stellar Population[END_REF]. In the sanie article, lie pointed out that the final answer will dépend on the usefulness it would prove in the next décades.

The Morgan5 s classification was based on the work of [START_REF] Morgan | A Spectral Classification of Galaxies[END_REF].

Here, the authors made a classification of a group of galaxies by their spectroscopic categories from A to K (systems A-F-G-K). Galaxies with a strong contribution of A star in their integrated light (galaxies with an earliest spectral type) were called A-systems, galaxies where the principal contributors are F stars are called F-systems, and so on. We can also find mixed Systems as AF or FG, for example.

They find in this study that most of the galaxies follow an interesting corrélation PhD thesis
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Cosmology and galaxy classification between tlie spectral classification and the degree of central concentration of light in the System. In other words, irregulars and spirals galaxies with little or no central concentration of light appears to be A or F Systems, while spirals with large nucléus light concentration, lenticular and elliptical galaxies hâve G and K spectral types. Galaxies with a relative intermediate stage of central light concentration are in the F-G categories.

Because one of the principal criteria used bv Hubble for his morphological classification is the degree of central concentration of light, we can therefore consider the new Morgan classification as a modification of that made by Hubble.

However, the new classification makes a remarkably distinction between the different central stellar populations in the different morphological types. " The value of a System of classification dépends on its usefulness; the justification of the présent attempt rnust lie in the direction of furnishing information additional to that of the classical Hubble System. It should be emphasized that the présent systern is put forward for the purpose of giving information additional to that included in Hubble's System" (W.W. [START_REF] Morgan | A Preliminary Classification of the Forrns of Galaxies According to Their Stellar Population[END_REF].

Finally, the Yerkes classification can be detailed as follows. It is described by three parameters. The fundamental one is noted by seven categories which are "a", "af", "f", "fg", "g", "gk", and "k". An "a" galaxy lias a contribution to its central luminosity principally due to B-, A-, and F-tvpes stars, while a "k" galaxy lias a principal contribution Corning from giant K-type stars14. The second parameter called "foriri family" is denoted by the initiais S, B, E, and I, for Spiral, Barred spiral, Elliptical, and Irregular galaxy, respectively. Moreover, four additional morphological type were added: Ep Systems which are elliptical galaxies with well-marked dust absorption; D galaxies which hâve a characteristic rotational syminetrv but no spiral or elliptical structures, or non-spiral with symmetrically distributed absorption from dust clouds; L Systems hâve low surface brightness;

and N galaxies contain a small and bright nucléus superimposed on a considerably fainter background. Intermediate stages for the "form family" are also possible.

Finally, we hâve the purely geometrical inclination parameter or "inclination class", which goes from 1 to 7. A face-on galaxy is noted by 1, and an edge-on galaxy by 7. Zéro is not used for tins parameter to avoid anv ambiguity with class SO in the Hubble classification. A "p" letter is used in the case of peculiar Systems (I, L), where an inclination is difficult to détermine.

As an example, I can mention galaxies NGC3Ü0 and NGC130Ü. The first was classed as Sc by Hubble, while in the new System is an aS4 (see figure 1.13). The second is a SBb in Hubble's classification, and a fB2 in Morgan's classification (see figure 1.14). As we can notice, no diagram lias been ereated to show Morgan's 14Morgan (1958) clarifies that such contributions aie studied in the violet spectral région.

Rodney DELGADO-SERRANO classification as it was the case for Hubble and de Vaucouleurs (see figures 1.9 and 1.10). Mavbe because the Morgarf s classification is a bit more difficult to organize in a sequence?

1.2.5 van den Bergh's Classification Scheme (DDO) This is another extension of the Hubble morphological classification developed by Sidney van den Bergli at the David Dunlap Observatory (DDO). In this case, the classification is based on the corrélation between absolute magnitude and the degree of development of spiral amis. Thus, it was, since the beginning, employed on spiral and irregular galaxies, van den Bergh (1960b) found that galaxies with the highest luminosity are also those with the most: strongly developed PhD tliesis

Rodney DELGADO-SERRANO spiral structures. He then concluded that one limitation of the Hubble System is the existence of luminosity effects on the contrast and development of spiral amis.

This finding allowed van den Bergh (1960b,a) to classified galaxies following two criteria: (1) the galactic type, and ( 2) the luminosity class. The first one follows the Hubble morphological classification, recognizing Sa, Sb, Sc, and Irr types.

The second one divides galaxies from I to V by decreasing luminosity. Luminosity classes were chosen to agréé with tliose used to classifv stellar luminosities in the Yerkes System. Type I refers to super-giant galaxies, type II to briglit giant galaxies, type III to normal giant, type IV to sub-giant galaxies, and type V to dwarf galaxies. Super-giant galaxies could hâve, approximately, an absolute blue magnitude of -20.5 and dwarf galaxies a blue magnitude of -14.

The DDO scheme adds further notations. Sub-giant spirals with low and higli anus résolution15 are noted "S~" and "S+", respectively. Objects between barred and not barred spirals, corresponding approximately to the SAB type in de Vaucouleurs diagram, are noted "S(B)". When a galaxy lias fuzzy or nebulous arms an "n" is added to the galactic type, while an is added if the spiral arms hâve a patchy structure. The letter "t" at, the end of the galactic type indicates distorted spiral arms, which are maybe coming from past or présent tidal interactions. In extreme cases, "un", "tt" could be also used. Finally, the syrnbol "SD" represents the disk-shaped galaxies. In the DDO classification, the irregulars galaxy type exclude colliding and interacting galaxies, deformed elliptical galaxies, and ellipticals exhibiting dust patelles.

SOa SOc Sb Sc Figure 1.15: van den Bergh scheme of galaxy morphology from van den Bergh (1976).

loIt refers to the degree the arms are resolved.
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A later révision of the classification led van den Bergli to identifv transition cases between Sü and spiral galaxies. These transitions appeared to be spiral galaxies with little star formation in their amis. Such détections and other reasons (e.g., flattening and B/D ratio) made [START_REF] Van Den Bergh | A new classification System for galaxies[END_REF] disagree with the placement of SO galaxies in the Hubble sequence (see figure 1.9). For van den Bergh, SO galaxies must be placed in a sequence parallel to spirals, instead of being in the "transition région" between ellipticais and spirals (see figure 1.15). It, was called the RDDO (Revised DDO) System16.

1.2.6

Discussion about the physical Hubble sequence

In the previous section, I hâve cited the most known morphological classification Systems.

Noteworthy, other morpho-classifications hâve been also developed.

Amongst them we hâve: a.) the Vorontsov-Velyaminov classification, wliich is a purelv descriptive (or MCG) System [START_REF] Sandage | Galaxies and the Universe[END_REF]; b.) the arm classes System of [START_REF] Phd | Flocculent and grand design spiral structure infield, binary and group galaxies[END_REF][START_REF] Barlow | The détermination of the masses of Magellanic Cloud planetary nebulae using forbidden O II doublet ratio électron densities[END_REF]; c.) the [START_REF] Kormendy | A Proposed Révision of the Hubble Sequence for Elliptical Galaxies[END_REF] revised System of Hubble classification for elliptical galaxies, based on their inclination and structures rather than any intrinsic property; and d.) Conselice (2ÜÜ6) System, taking into account the star formation, galaxy interaction and mass.

Ail these Systems make reference to the different "species" of galaxies we can find using a morphological classification. However, one might wonder whether this is even important for understanding galaxy évolution. First, onlv with the intention of starting the discussion, I will dare to make a light analogy (if there could be any) with paleontology. Even if living beings could hâve many intrinsic individual cliaracteristics, their shapes and structures hâve been an essential. and maybe the most important feature to trace the évolution of organisms on earth (e.g., see "On the Origin of Species" by Charles Darwin 1 !).

As a resuit, we are essentially in agreement with de Vaucouleurs (1994) who says that "taxonorny ... is nevertheless an essential first step in ail fields of science". Now, we could also say that galaxy taxonorny through the morphological sequence attests to an underlaying sequence of numerous physical processes (see table 1.1). As we hâve seen, this notion lias been widely accepted for the past décades, making morphological classification of large numbers of galaxies important for better modeling and understanding the galaxy structure and évolution.

16The séparation of SO and Sp galaxies by van den Bergh is based on the B/D ratio as a classification criterion. Further studies by Simien k de Vaucouleurs (1986) on the bulge/disk décomposition and corrélation between B/'T ratio and Hubble type found that B/T of SO galaxies is generally interrnediate between pure spheroidal Systems and spirals, supporting the placement of Sü galaxies between ellipticais and spirals.

17 [START_REF] Darwin | On the origin of species by means of natural sélection, or the préser vation of favoured races in the struggle for life[END_REF] PhD thesis

Roclney DELGADO-SERRANO After establishing the main importance of galaxy morphology, we are now confronted with a new paradigm: liow rnany morphological details do we need to include in a morphological classification? As we saw in the above sections, each morphological classification took the basis of the Hubble sequence. However, each one takes, more or less, different physical details to achieve the classification of galaxies because "there are several possible approaches to the problem of the classification of galaxies: morphologie, photometric, colorimétrie, spectroscopic" [START_REF] De Vaucouleurs | Revised Classification of 1500 Bright Galaxies[END_REF])1!).

Details are important in the description of the évolution of individual Systems.

However, how rnuch importance do they deserve when trying to unravel the évolu tion of galaxies in the Universe? It dépends on the scale at which we are looking at, as well as the interrelation that could hâve the different scales. On the one hand, we hâve the morphological/physical details to be taken into account, for the morphological classification. On the other hand, we hâve the physical/dynamical properties that correlate with such morphologies. Where is the limit between the two? A key point will then be the définition of the methodology to be followed during the morphological classification (see chapters 3 and 6). This methodology, in the idéal case, rnust be easily reproducible and not subjective, rnust take into account a reasonable number of principal morphological/physical details, and rnust resuit in the best possible corrélation with the main galaxy properties (for example, the kinematics, the important rôle of which to understand the évolution of galaxies is well established). "As Long as only a few criteria défi,ne a System, and if image material of a similar quality to that which fonried the basis of the System is used, then there will be a greater ease of applicability and reproducibility of that System by independent observers. If one later finds corrélations between fundamental observables and classifications, then the System could lead to physical insight ..." Buta (1992a). Finally, a good classification rnust drive morphology to the phvsical/dynamical properties (e.g., table 1.1), but such properties rnust not be used to drive (make) the classification20 (see subsections 6.2.5 and 6.4.3 for an example).

Since the past century, morphological classification lias had great success in helping us to understand local galaxies. One of the objectives of rnv thesis is to extend this successful analysis technique into the distant Universe, and look for a possible time évolution of the Hubble sequence.

19even if [START_REF] De Vaucouleurs | Global Physical Parameters of Galaxies[END_REF]. referring to the "low" number of morphological features taking into account in the original Hubble sequence, argued that "this would be érudition, but not science which aims at the general, not the particular", sometimes science can be lost in so many details.

20this is a modification to words by [START_REF] Phd | The Classification uf Galaxies: Early History and Ongoing Develop ment-s[END_REF]. The galaxy formation and évolution 

Scénario of galaxy formation and évolution

How can we obtain the different shapes of galaxies we see in the local Universe?

How do galaxies get different components with different dynarnics? Why some galaxies appear flattened like disks while others are spheroidal? These questions remains a major unsolved problem in galaxy formation.

Some attempts hâve been iriade in the past and continues in the présent. The principal idea présents tins problem as a Rature' versus nurture' dichotomy: is the morphology of a galaxy imprinted in the initial conditions, or does it resuit from environmental processes such as mergers, tidal interactions, or gas infall? On the one hand, it lias been proposed tirât the determining factor of the galaxy formation process is the protogalactic angular momentum (Sandage et al.,197Ü). On the other hand, different mechanisms tliat could transform one morphology type into another hâve been studied. Amongst them we can mention ram-pressure stripping by the hot intracluster medium [START_REF] Gunn | On the Infall of Matter Info Clusters of Galaxies and Some Ejfects on Their Evolution[END_REF], or galaxy 'harassment' by impulsive encounters in clusters [START_REF] Moore | Galaxy harassment and the évolution of clusters of galaxies[END_REF]. Furthermore, other studies (Hamnier et al.,2üü9a, and référencés therein) support the idea tliat galaxy mergers are a possible explanation for the origin of the Hubble types.

In the following, I describe the principal scénarios of galaxy formation.

2.1 Downsizing: a scénario of galaxy formation or a natural conséquence of the primordial collapse model?

Downsizing was introduced by [START_REF] Cowie | New Insight on Galaxy Formation and Evolution From Keck Spectroscopy of the Hawaii Deep Fields[END_REF]. Studying the redshift, mass (through Mk) and star formation of 280 galaxies since redshift 1.6, they concluded that the maximal mass of galaxies having a burst of star formation increases with redshift, and that most of the galaxy formation process took place between redshift 0.8 and 1.6. This led them to suggest that the galaxy mass assembly occurred in a 'downsizing' way (referring to a top-down universe évolution) with the most massive galaxies forming at higher redshift, while less massive ones formed at later cosmic times.

According to this downsizing effect, massive galaxies are thus expected to exist at high redshifts (z » 1). Observations show that it is the case [START_REF] Elston | Deep 2 'micron imaging of the sky -Evidence for a new extragalactic population[END_REF][START_REF] Dey | Obser vations of a Z = 1.44 Dusty, Ultraluminous Galaxy and Implications for Deep Submillimeter Surveys[END_REF]: Dickinson et ai, 2000;[START_REF] Simard | The DEEP Groth Strip Survey. II. Hubble Space Telescope Structural Parameters of Galaxies in the Groth Strip[END_REF]Cimatti et ai, 2004;[START_REF] Daddi | Passively Evolving Early-Type Galaxies ai l.f <~z <~2.5 m the Hubble Ultra Deep Field[END_REF][START_REF] Saracco | The density of very massive evolved galaxies to z ~= 1.7[END_REF][START_REF] Kriek | Spectroscopic Identification of Massive Galaxies at z ' 2.3 with Strongly Suppressed Star Formation[END_REF][START_REF] Cimatti | GMASS ultradeep spectroscopy of galaxies at z ~2. IL Superdense passive galaxies: houi did they form and evolve[END_REF]. Those large Systems hâve being detected by their red colors or their bright émission at siib-inillimeter wavelengths. Some of them already hâve old stellar populations, some with significant recent star formation.

The downsizing picture lias been widely debated because of the apparent contradiction between downsizing and the hierarchical évolution expected from the ACDM cosmological model (see chapter 1). Nevertheless, this contradiction is only apparent. While the downsizing picture describes only the évolution of baryonic structures, the ACDM model focuses on the dark matter halos évolution.

Moreover, the interactions between baryons and dark matter remains largely uncertain. The hierarchical évolution of dark matter halos does not imply, "a priori", a hierarchical évolution of baryonic structures.

Actually, the first fluctuations of baryonic mass to be condcnsed are those inside the most massive dark matter halos, because these last are the catalysts of the formation of the first baryonic structures (Neistein et al, 2006;Mouri & Taniguchi, 2006). It is in these halos where the stellar formation activity would first begin.

Consequently, the apparent paradox between downsizing and ACDM model is rnostly due to a confusion in the literature between the évolution of dark matter halos (hierarchical) and the évolution of baryonic structures (anti-hierarchical).

After the finding of the dowmsizing effect by Cowie et al., other et al., 1998;[START_REF] Schade | Hubble Space Telescope Imaging of the CFRS and LDSS Redshift Surveys[END_REF]. Moreover, Brinchrnann Ellis (2000), using a sample of 321 galaxies morphologically classified (visually and with automated classifiers), showed how the stellar mass density changes bv morphological type as a function of redshift. They fourni that spiral galaxies do not, présent any change in their stellar mass density between redshift 1 and 0. However, that of irregular galaxies lias a remarkable décliné, while that of elliptical galaxies présent a modes! increase. Later, [START_REF] Bundy | The Mass Assembly Historiés of Galaxies of Varions Morphologies in the GOODS Fields[END_REF] fourni that spiral and irregular morphologies dominate among galaxies of low mass in ail redshift s, while the E/Sü dominate among galaxies of larger mass range. They then suggest a morphological extension of the downsizing principle: galaxies that form at high redshift are the most massive ones and hâve elliptical morphology. They also found that the fraction of massive galaxies at lower redshifts are dominated by elliptical types, whicli could suggest an évolution to this morphological type. Another important fact that supports the downsizing effect is the extrapolated évolution of the faint end of the red sequence luminosity function (LF) since z~l (see figures 6 and figure 3 in
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Rodney DELGADO-SERRANO Chapter 2. The galaxy formation and évolution Cirasuolo et al., 2007;Bundy et al., 2006;Bell et al., 2004b, respectively; see also figure 2.1), which supposes that the population of dwarf ellipticals (dE) galaxies increases from the past to the présent. dénoté morphologically classified late-type galaxies, whereas red solid symbols show early-types. The red line shows a fit to the red sequence and the blue line the adopted eut between red and blue galaxies. As we can easily notice just by looking to the fainter galaxies in both plots, the contamination of late-type galaxies into the red-sequence for local fainter galaxies (left plot) is higher than tliose at intermediate redshift (right plot). Could it be the cause of the évolution inferred from figure

2.1?

These observational results hâve led to the downsizing effect being considered as a real scénario of galaxy formation1, predicting that the galaxy population which would be formed in the présent is inostly composed of dE types. However, such a scénario would présent sonie problems in a cosmological frame. First, the formation of small galaxies (principally, dE galaxies) at présent epochs.

and a passive évolution of intermediate mass spiral and elliptical galaxies since z~l, can not explain the liigli stellar mass fraction (~50%) formed since z~l (Dickinson et ai, 2003), and could be in contradiction with the fact that iriost of the present-day stars are in structures more massive than dE galaxies (elliptical and bulge of spiral galaxies; [START_REF] Fukugita | The Cosrnic Baryon Budget[END_REF]Brinchmann Sz Ellis, 2000). It 1by a dissipative collapse of baryons in dark matter halos.
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PhD thesis is also in contradiction with tlie fact tliat the bnlk of the star formation density at intermediate redshift is inainly in intermediate mass galaxies [START_REF] Heavens | The star-formation history of the Universe from the stellar populations of nearby galaxies[END_REF]Hamrner et al., 2005a;Bell et al., 2005), and with the métal évolution found silice z~l (Liang et al.,2Ü0G). In addition the application of the downsizing scénario seems to be in disagreement, with the increasing frequency of mergers with redshift (Le [START_REF] Fèvre | Hubble Space Telescope irnaging of the CFRS and LDSS redshift surveys -IV. Influence of rnergers in the évolution of faint field galaxies from z '1[END_REF]Conselice et al., 2003;Bundy et ai, 2004;Lotz et ai, 2006; Rawat et ai, 2008), as mergers form bigger structures rallier than smaller ones.

Finally, we could go even further, and argue that the assumption of the évolution of the faint end of the red sequence LF are based on the hypothesis that suc.h a LF corresponds to the LF for early-type galaxies (ETGs). Making the hypothesis that ail red color galaxies are ETGs could be too rough, as it is well known, even for local galaxies, that tliere is a non-negligible "contamination" of late-type galaxies amongst red color galaxies: Strateva et ai (2001) found that ~20 per cent of late-type galaxies hâve red colors compatible with the red sequence in the local Universe (see also Bell et ai, 2004a, and figure 2.2). This contamination becomes even stronger with redshift (~35 per cent at z~l; Franzetti et ai, 2007)(see also Bell et ai, 2004a, and figure 2.2 for z < 1). This could be related to the discussion, about the corrélation between morphology and different physical galaxy properties, started in subsection 1.2.6, and will be further detailed in subsection 6.2.5.

Now, we inay distinguish between the downsizing effect, whicli is a real tendency, and the downsizing scénario, which clisagrees with a nurnber of observations.

Secular évolution

In the 1960s-70s, observations of the Milkv Way (MW) suggested a scénario in which spiral disks acquired their angular momentum at earlv epochs (Peebles, 1969a, and references therein), and then evolved in a slow, "secular" manner by graduai accretion of material from their environment. In this secular évolution process, galaxies are hence considered as open Systems which can get, by accretion, the gas coming from the intergalactic medium. This gas is then transformed into stars through time, while the various galaxy components interact with each other.

For example, the bulge is forrned slowly from the disk (and external gas) through the bar action [START_REF] Athanassoula | On the nature of bulges in general and of box/peanut bulges in particular: input from N-body simulations[END_REF][START_REF] Kormendy | Secular Evolution and the Formation of Pseudobulyes in Disk Galaxies[END_REF]Athanassoula, 1992b;Combes et ai, 1990). The total accretion process happens in a nonviolent way. The redistribution of energy and angular momentum inside the System could be also driven by nonaxisymetries other than a bar. These are the spiral amis, which can also cause an internai, slow secular évolution rearranging the disk structure.

This is useful to distinguish between internai secular évolution and environ- for the AGN fueling [START_REF] Combes | Secular Evolution of Galaxies[END_REF]. It shows the relatively short lifetiine of the bar.

mental secular évolution. The first is responsible for the formation of pseudobulges in disk galaxies [START_REF] Kormendy | Secular Evolution and the Formation of Pseudobulyes in Disk Galaxies[END_REF] and could explain the abundance of pure disk galaxies with no evidence for merger-built bulges in the local Universe [START_REF] Kormendy | Secular Evolution in Disk Galaxies: Pseudobulge Growth and the Formation of Spheroidal Galaxies[END_REF].

The second is responsible for the formation of spheroidal galaxies wliose observable parameters are similar to those of late-type galaxies, even if they are morphologically similar to ellipticals. Tliese authors suggest that spheroidals are defunct late-type galaxies transformed by internai processes such as supernova-driven gas éjection and environmental processes sucli as secular harassaient and ram-pressure stripping.

One piece of evidence in support of secular évolution is showed by [START_REF] Gadotti | Homogenization of the Stellar Population along Late-Type Spiral Galaxies[END_REF]. They studied the color gradients, and the corrélation between bulge and disk colors, in 257 late-type barred galaxies, reaching the conclusion that their results could be only explained if the bulge of those barred objects are formée! from a secular évolution. [START_REF] Bournaud | The lifetime of galactic bars: central mass concentrations and gravity torques[END_REF]) (and Bournaud & Combes, 2002) also showed that if, during the formation of the bulge, the central concentration of matter exceeds a few percents of the total mass, it could even destroy the bar, which would hâve a lifetiine of a few (1-2) Gyr (see figure 2.3).

Given the roughly constant fraction of barred galaxies from the local Universe to the distant one (Zheng et al., 2005;[START_REF] Jogee | Bar Evolution over the Last 8 Billion Years: A Constant Fraction of Strong Bars in the GEMS Survey[END_REF][START_REF] Sheth | Barred Galaxies at z > 0.7: NICMOS Hubble Deep Field-North Observations[END_REF], it would Sheth et al. (2008).

imply that bars are continuously reconstructed. Such periodic reconstructions could onlv be possible through gas infall [START_REF] Combes | Secular Evolution of Galaxies[END_REF][START_REF] Phd Tliesis Rodney | Gravitational torques in spiral galaxies: Gas accretion as a driving mechanism of galactic évolution[END_REF] coming froin filaments (Semelin k. Combes, 2005, see also figures A. 4, A.5, A.6).

Nevertheless, Atlianassoula et al. (2005) propose that bars are not sporadic events, but instead ttieir lifetime could be larger than 5 Gyr, even with an increase of the galaxy central mass of a few percents of the total mass. This is supported by recent studies that show, indeed, a quite important évolution of the fraction of barred galaxies since z~0.8 (Sheth et al., 2008;Atlianassoula, 2008, see figure 2.4).

The secular évolution scénario is ehallenged by observations of distant galaxies, which emitted their light 6 Gyr ago. Tliey reveal that nearly half of them had peculiar morphologies and anomalous kinematics (van den Bergh, 2002; Flores PhD thesis Rodney DELGADO-SERRANO et al., 2006). In otlier words, they are not yet. dynainically relaxed. This is at odds witli the hypothesis of seeular évolution of most of spiral galaxies during the past 6 Gyr (for further drawbacks of the seeular scénario see also subsection 2.4). Additionally, contrary to the early prédictions tliat a seeular évolution leads to a transformation of late-types to early ones, [START_REF] Sheth | Secular Evolution via Bar-driven G as Inflow: Results from BIMA SONG[END_REF] studied the gas inflow induced bv the bar in spiral galaxies, and concluded tliat " despite the evidence for bar-driven inflows in both early and late Hubble-type spirals, the data indicates tliat it is highly unlikely for a late-type galaxy to evolve into an early type via bar-induced gas inflow. Nonetheless, seeular evolutionary processes are undoubtedly présent, and pseudobulges are inévitable; evidence for pseudobulges is likely to be clearest in early-type galaxies because of their high gas inflow rates and higher star formation activity. "

Finally, an important issue is the origin of the gas accreted during the seeular évolution process. [START_REF] Bertola | The external origin of the gas in Sü galaxies[END_REF] showed tliat in some S0 galaxies the gas rotâtes in the opposite direction of stars, which led them to predict an external origin of the gas. Possible origins are filaments (see figure A.4) or a high occurrence of minor mergers during Hubble time. However, could it be just the infall of gas due to major inerger Systems? In any case, identifying from where the gas was lying before being transformed into présent day stars, as well as determining its momentum, could solve the issue of the high angular momentum observed in present-day disks which can not be reproduced bv a large number of simulations.

It lias been called "the angular momentum catastrophe".

Minor mergers

The infall of low mass satellite galaxies lias been consider as an extension of the seeular évolution scénario in order to solve its disadvantages. Indeed, the first numerical simulations showed tliat minor mergers (generally having progenitors with a mass ratio smaller tlian 1:5) do not destroy the disk of the larges! progenitor, but this last undergoes a morphological évolution to an earliest type by the increase of the velocity dispersion and height of the disk [START_REF] Walker | Quantifying the Fragility of Galactic Disks in Minor Mergers[END_REF][START_REF] Velâzquez | Sinking satellites and the heating of galaxy dises[END_REF]. Later, [START_REF] Abadi | Simulations of Galaxy Formation in a A Cold Dark Matter Universe. II. The Fine Structure of Simulated Galactic Disks[END_REF] showed tliat the tliick disk obtained in their simulations was mainly cornposed of remains of satellite galaxies, while the thin disk was cornposed of stars formed "in situ" after the last merger. In addition, Berentzen et al. (2003) showed that the interactions between a satellite galaxy with a barred galaxy could drive to the formation of structural features such as rings, as well as a faster displacement and destruction of the bar. Depending on the impact radius, this kind of interactions can produce a thickening of the disk.

One of the first galaxy évolution scénarios involving mergers is the "collisional Rodney DELGADO-SERRANO PhD thesis starburst scénario" (CSS), proposée! by Somerville et al. (2001), where the galaxies evolve principally through ininor merger interactions. These are supposée! to happen more frequently tlian major mergers. Tliis scénario explains very well the observed properties of LBGs (Lyman Break Galaxies): color, velocity dispersion, luininosity functions between redshift 3 and 4, for example. However, when looking at, lower redshifts, the CSS gets in trouble. It underestimates the number of EROs (Extremely Red Objects) at z=l, as well as the number of objects in the near-IR (K<22) by a factor of 3 at z>1.7, and a factor 10 at z>2. Minor mergers can not explain the strong morphological and kinematic évolution of galaxies at z<l either, as mentioned above. This is because minor mergers should hâve a much lower efficiency to distort galaxy morphologies and kinematics (Hopkins et al., 2009a). Additionally, minor mergers présent moderate (and even negligible) star formation rates (Cox et al., 2008), wliich are not consistent with the observed high values of the cosmic star formation rate density (Le Floc'li et ai, 2005;Flores et ai, 1999). Another major difficulty that can be found as well is the prédiction of disks with too low angular momentum compared to present-day spirals. 

Violent encounters: major mergers

Contrary to minor mergers, major mergers can destroy the progenitor disks and rnay induce high SFRs (Cox et ai, 2008(Cox et ai, , 2006;;Haas et ai, 2005). Furthermore, they could potentially solve the angular momentum catastrophe2 (Maller et ai, 2002). Up to now, the majority of the major merger simulations that hâve been carried out lead to the formation of elliptical galaxies. While mergers of stellar disks with mass ratios between 3:1 and 4:1 produce elliptical-discy galaxies with rapid rotation, mergers between 1:1 and 1:2 lead to the formation of elliptical-boxy galaxies with a very low rotation (Naab k Burkert, 2003). Later studies hâve 2if one accounts for the additional effect of the orbital angular momentum provided by major mergers.
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Rodney DELGADO-SERRANO also shown that tlie final elliptical galaxy type (discy or boxy) dépends on the progenitors morphology, which allows the reproduction of the different populations of elliptical galaxies that hâve been observed in the local Universe [START_REF] Khochfar | On the oriyin of isophotal shapes in elliptical galaxies[END_REF]. What about the large percentage of late-type galaxies in the local Universe? It could be just a matter of gas fraction (Hopkins et al., 2009a.b;Springel & Hernquist, 2005;Robertson et al.. 2006;Springel et al., 2005a;[START_REF] Matteo | Energy input from quasars régulâtes the growth and activity of black fioles and their host galaxies[END_REF]Jonsson et al., 2006). These authors are challenging the conventional origin of disk galaxies and show that many spirals could be indeed formed after major merger events. Due to the feedback by supernova and AGN, a significant fraction of gas could be expelled towards the galaxy outskirts, allowing a gas réservoir for the création of a new disk (see figure 2.5). These simulations also suggest a solution to t he angular momentum problem. Robertson et al. (2006) demonstrates that if large feedback was occurring, this may lead to rejuvenated disks with high angular momenta. Then, because of feedback, it is likely that the wliole merger process can be observed during more than 1 or 2 Gyr (Haniiner et al. 2009a, see also figure 2.5).

Important progress is needed to disentangle the impact of the different physical mechanisms in the formation of bulges and disks. It seems that the numerical simulations may not be good enough to cover the whole problem.

However, if the above hvpothesis turns out to be true, the origin of the majority of the présent Hubble sequence galaxies could thus be explain by a scénario in which the galaxy évolution is mainly driven by a violent process (major mergers).

2.3.1

An observational scénario: "The Spiral Rebuilding"

Tliis scénario lias been proposed by Hammer et al. (2005a), and is further detailed by Hammer et al. (2009a) (see section 7.1). It can be summarized by 3 major steps (see below for more details): a "pre-merger phase" during which two distant spirals merge, the "LCG phase" where ail material frorri the progenitors falls into the mass barycenter of the System and forais a bulge. and the "disk growing phase" where subsequently accreted material forais a rotating disk. The rebuilding disk scénario suggests a merger origin of the whole Hubble sequence (from ellipticals to late type spirals). It was initially proposed to explain a nurnber of observational pièces of evidence (see table 4 in Hammer et al, 2005a), sucli as the évolution of the star for mation density in the UV and IR, the évolution of the central color and morphology (Zheng et al, 2004), as well as the estimated merger rate (Le [START_REF] Fèvre | Hubble Space Telescope irnaging of the CFRS and LDSS redshift surveys -IV. Influence of rnergers in the évolution of faint field galaxies from z '1[END_REF].

Moreover, this scénario is in agreement with further observations at z<l (e.g., the mass and métal évolution of galaxies (Liang et al, 2006), see also chapters 5 and 6). The merger scénario is also supported by the merger rate found to be about 10 times more at z ~1 than it is today (Le [START_REF] Fèvre | Hubble Space Telescope irnaging of the CFRS and LDSS redshift surveys -IV. Influence of rnergers in the évolution of faint field galaxies from z '1[END_REF]. In this theory, the disk angular momentum mostly results froiri the orbital angular momentum of the last major collision (Puech et al., 2007;Hammer et al., 2007), and, as mentioned in the previous subsection, an increasing number of authors (e.g., Hopkins et al., 2009a;Robertson et al., 2006) hâve successfully tested disk survival after a merger. If the gas fraction is sufficient (about 50%), they predict that the re-formed disk can be the dominant component in the reshaped galaxy. As a resuit, we can distinguish five phases (see figure 2.6):

• Phase 1: or approaching phase, which corresponds to the time until the first passage,

• Phase 2: or interaction phase. It corresponds to the time elapsed between the first and the second passage. During this phase the dynamical changes in botli progenitors are so intense that a lot of matter is ejected into the inter-galactic medium.

• Phase 3: this is the fusion phase, where the disk of the progenitors are totally destroyed. It corresponds to the time after the second passage and before the élaboration of the rebuilt disk. During phase 3 much of the matter falls toward the center of mass of the new System, and the galaxy may take the appearance of a chaotic morphology (see Fig. 3, top) or a central starburst (see Fig. 3, bottom) witli an important peak of star formation quite short in time, always accompanied with chaotic velocity field and dispersion peaks clearly offset from the mass center.

• Phase 4: or disk rebuilding phase. While part of the matter is being compacted to form a bulge, the star formation rate decreases smoothly. At the same time the disk begins to be placed and can be detected. The galaxy would hâve a bine center associated to the bulge formation, and could be detected as a LCG. The rest of the gas ejected during the first phases (whose density could be too small to be detected) keeps falling into the new System, forming and extending the new disk. At this stage, the star formation through the disk would show a moderate rate. The galaxy rotation is evidenced in a ve locity field, but could be offset from the main optical axis, and the dispersion peak(s) is (are) doser to the mass center (see appendix C).

• Phase 5: The last phase corresponds to rotating spirals with regular velocity fields and dispersion peak centred on the centre of mass (e.g., Flores et al., 2006). Notice that, in such a phase, disks are not "a priori" cold, as Puech et al. (2007) hâve shown that most of them hâve small V/tr (thick disks).

However, the liigh dispersion value begins to relax.

This scénario is supported by the following numerical simulations based on morphological and kinematic observations of distant galaxies: c. ) Hammer et al. (2009b) identified a compact and IR-luminous galaxy that is dominated by a dust-enshrouded compact disk3, itself surrounding a blue, centred "hélix" (i.e., a "two arms-plus-bar" structure). This structure and the complex velocitv field are predicted in post-merger phases.

d. ) Puech et al. (2009) demonstrated tliat the presence of ionised gas without stars close to a highly asymmetric disk could be understood only as a merger remnant.

e. ) Fuentes-Carrera et al. ( 2010) reproduced another giant blue bar witli a fiat velocity field wliich cannot be reproduced by any other mechanism than a merger with a face-on progenitor. By evolving tliese five models by 6 Gyr in tirne, they predict the formation of three spirals, one lenticular, and one massive disk that lias survived an exceptional centred and polar collision.

A final important issue of assuming that major mergers are indeed the dominant process through galaxy évolution is that, the number density of dwarf galaxies can also be accounted for if they resuit from material tidally ejected during such violent interactions [START_REF] Okazaki | Dwarf Galaxy Formation huluced by Galaxy Interac tions[END_REF].

The main weakness of the disk rebuilding scénario focus on the undetermined amount of gas in distant galaxies and the large uncertainty on the major merger rate.

Indeed, on the one hand, this scénario is extremely dépendent, on the gas availability, which was likely much higher in the past than today. Disk rebuilding is plausible only if the merger progenitors lias enough available gas.

Recent Kennicutt-Schmidt estimations (Puech et al., 2010, see chapter 7) are in agreement with the high amount of gas présent in distant galaxies. On the other hand, Hammer et al. (2005a) predict that 75%(±25%) of galaxies iriust had been involved in a major merger since z~l. Nevertheless, the estimation of the merger rate is still debated, and this scénario could underestimate the minor mergers importance.

Discussion

The improvement and différence between scénarios will be established by the three major issues in modem cosmology, which are the formation of large and thin disks, the acquisition of the disk angular momentum, and the relative importance of each physical process in galaxy formation.

As mentioned before. the secular évolution scénario started as the tidal torque theory (Peebles, 1976;White, 1984), assuming that the angular momentum of 3It is one example of first stage (phase 4) of disk rebuilding.
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Rodney DELGADO-SERRANO disk galaxies had been acquired by early interactions. It was inainly supported by observations of the Milky Way (MW). Indeed, the past history of the MW appears to be devoid of significant niergers over the past lü or 11 Gyr. However, compared to otlier spirals, the MW turns out to be exceptional, with a nearly pristine halo and a particularly small disk scale length and stellar mass (Hammer et al., 2007).

Then, could this scénario be applied to trace the history of the rest ~70% of local spiral galaxies, even if they présent quite different properties values from the MW?

Tliere are many observations that could favor the secular évolution of galaxies (see subsection 2.2). However, this process predicts a slow évolution of galaxies, so that galaxies could take more than 6 Gyr to form (Kormendy & Kennicutt, 2001). Then. beiug a non-violent process, during their évolution, galaxies change very slowly without showing drastic or chaotic changes. Therefore, if this were the mechanism that governs the bulk of galaxy formation (since z ~2), galaxies were expected to remain in a passive évolution during the past 8 Gyr. Recent studies show that it is not the case (van den Bergh, 2002;Flores et al., 200G;Yang et al., 2008;[START_REF] Melbourne | Optical Morphology Evolution of Infrared Luminous Galaxies in GOODS-N[END_REF]. These authors show that galaxies, in their majority, hâve complex morphologies and kinematics, and a liigh star formation rate, ~6 Gyr ago (see also chapter 0 for a complété and représentative comparison of distant and local galaxies).

In addition, the secular scénario has to be accommodated with an episodic origin of gas aceretions, to explain the observed SFR values in the distant Universe. Nonetheless, in such a case, the difficulty would then be to explain how the gas coming from the intergalactic medium, whicli ("a priori") does not hâve a "common" history with the already formed galaxy, and which is coming from different directions (following the filaments, see chapter 1), could hâve the right angular momentum to form the abundant local thin disks (with the observed galactic angular momentum values).

It seems that the disk rebuilding scénario does not présent those problems. It is in good agreement with the formation of the higli fraction of local young thin disks, and with their angular momentum values. Indeed, Yoachim & Dalcanton (200G) suggest that the properties of thick and thin disks are consistent with gas-rich niergers playing a significant rôle in their formation where stars formed in these niergers lead to the thick disk, while the settling gas formed much of the thin disk. There is more and more evidenee supporting this scénario. Its success cornes from the fact that it has been constructed principally from observations.

Rodney DELGADO-SERRANO Following the morphological method exposed previously in section 2.1.1, a lot of work lias been doue during the last two décades. We inust remember t liât such classifications were developed principally before the 1990s, when astronomers only had access to photometric plates. Even if soine of them also take advantage of the galaxy spectroscopy and photometry, they are based mainly on the eye inspection of the galaxy images. Nevertheless, with the arrivai of the new CCD technology during the 1990s, new tools and techniques hâve been developed to improve the morphological classifications. I will try to summarize them in tins chapter.

In general we can distinguish between the standard method, and tire automatic methods. The classification by eye allows us to examine eacli galaxy carefully and individually. However, it is affected by a low reproducibility and a strong subjectivity. In the case of the automatic morphological classifications, a few photometric parameters are measured using computing techniques. They can tlius be easily applicable to verv large galaxy samples, saving a lot of time. Nevertheless, they dare to classifv galaxies morphologically by using only a few photometric param eters. Therefore, even if they may be reproducible and subjective, they are "blind".

The standard morphological classification method

The first method used to classify the galaxies according to their morphology consists in observing their optical band images and classifying them following the observeras assessment (see section 1.2). The astronomer disposes of sonie criteria and images, Chapter 3. Observables in galaxy morphology as a basis, to compare and make his own judgment. The well known criteria for the visual Hubble classification are the size and importance of the bulge in comparison to the disk, the distribution of the spiral amis, and the degree of their résolution.

An example of a sarnple of optical images that was used as a basis for comparison, leading to the morphological classification of other galaxies, is shown in figure 3.1. It is easily imaginable that tliis methodology can be seriously affected by the résolution of the galaxy images. Furthermore, concerning the distant galaxies, there are sonie other factors that can affect their visual classification:

• The farther a galaxy is, the less resolved it appears in the images. Not onlv because they are intrinsically smaller, but also because the inclination (projection) effect makes them less and less discernible.

• The dimming effect affects the galaxy surface brightness by a factor of (1+z)4.

Theri, for a given exposition time, the faint structures of distant galaxies are easily lost.

• Finally, we hâve the spectral sliift known as the K-correction. This latter makes galaxies to be observed at longer wavelengths than that in which the liglit was originally emitted. Thus, for example, if we could observe the same galaxy at different redshifts with the same filter, the galaxy aspect would change because we would be observing different aspects (stellar populations, régions, etc.) of the same galaxy (see subsection 1.2.1).

As a conséquence of the above effects, it thus becomes more difficult, in function of redshift, to distinguish visually the différences between the different objects and the classification errors happen more easily. "Perhaps the most serious problem with galaxy classification is that it is still largely a subjective visual exercise. The human eye is very good at pattern récognition, and is capable of integrating the information in an image quite quickly. However, a morphological type is not a measured quantity even if it is coded on a nurnerical scale" Buta (1992b)1.

During the past two décades, new méthodologies hâve been developed to morphologically classifv the galaxies, in order to take into account the previous effects.

The principal common characteristics of these methods is that they take advantage of the modem computer and observational technologies, e.g., the CCD caméras (for a short introduction to the modem photometric observational techniques, see appendix B).

1with "nurnerical scale" Buta refers to de Vaucouleurs nurnerical scale (see figure 1.11). (Brinchmann et al., 1998). Tliey use HST images in V band.
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Modéra methods for the morphological analy sis

These methods are based on quantifies linked witli the galaxv liglit distribution.

Therefore, by analyzing the light distribution of the objects, tliey dérivé sueh quantifies in order to recover the morphological type of each galaxy. In any case, the classification assumes a strong corrélation between tlie derived parameters and the morphological types. We can distinguish between the methods that do not hâve an "a priori" assumption on the light distribution of the galaxies, called non-parametric methods, and those whicli use a prior assumption about the light PhD thesis
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Observables in galaxy morphology distribution, ealled parametric methods.

3.2.1

The non-parametric methods

Even if the non-parametric methods do not use a prior assumption about the light distribution of the object, tliey need a "calibration" of their parameters by using galaxies that are already morphologically classified by other methods. After this calibration, the non-parametric methods extrapolate to recover the morphological type of new galaxies.

Amongst the different parameters, we can first mention the inean surface brightness, the radius containing half of the total luminosity, and the light concentration.

This last is defined as the ratio between two radii, eacli one containing a fraction of the total light. This could be also interpreted as the ratio of two fluxes inside two different isophotes. In any case, the internai radius must be large enough to enclose a quite large number of pixels, and the external radius must not be too large in order to avoid any significant contamination from the sky. The définition of the Concentration (C) parameter the most often used is that of Kent (1985) and Abraham et al. (1994):

E IZt^eE(a) E z2i,jeE(l) lij (3.1) where Uj is the signal at the pixel coordinate (z, j), and E(x) represents a de fined area described by isophotal ellipses. However, a more rec.ent définition of the concentration parameter is that of [START_REF] Conselice | The Asymmetry of Galaxies: Physical Morphology for Nearby and High-Redshift Galaxies[END_REF]:

C = 5-%(g0 (3,2) 
with R/ representing a radius containing a fraction / of the total luminosity of the galaxy.

Another parameter lias been introduced by Abraham et al. (1990b): the asymrnetric parameter A (see also Schade et al., 1995). This parameter measures the degree of galaxy symmetry, and is calculated by obtaining the absolute value of the différence between the galaxy intensity and the intensity of the saine galaxy rotated by 180°at each pixel (i,j), and normalized by the total intensity of the galaxy. More precisely, it can be expressed as (following [START_REF] Conselice | The Asymmetry of Galaxies: Physical Morphology for Nearby and High-Redshift Galaxies[END_REF]:

A = min /E~h8o{iJ)\\ V E*o(m) ) min Elgo(»,j) -
EBo (i,j) (3.3) where I is the intensity of the galaxy, and B the intensity of the image noise. This galaxy area, in order to take into account the effeets of the sky background. It is very important for recovering the asymmetry A to precisely establish the center of the galaxy. Abraham et al. (1996b) take the brightest pixel from a smoothed version of the galaxy, and [START_REF] Conselice | The Asymmetry of Galaxies: Physical Morphology for Nearby and High-Redshift Galaxies[END_REF] take the position that minimized the asymmetry.

On the one liand, the C parameter is essentially a measure of the light concentration of the galaxy, and is correlated to the bulge size. It could tlien be correlated with the morphological type because elliptical galaxies are generally more concentrated than disk galaxies.

On the other hand, the A parameter is a measure of the symmetry of the galaxy, which could be related to the morphological type too. Spiral galaxies, due to their spiral arms (for example), are more asymmetric than elliptical or lenticular galaxies. Abraham et al. (1996b) proposed to use the A-C plane to morphologically classify the galaxies, assuming that in sucli a plane the principal morphological types (E/SO, Sp, and Irr/Mrg) are separated in different régions, because of the above reasons (see figure 3.2).

Nevertheless, as is shown in figure 3.3, such a method does not seern to be efficient.

The séparation of the morphological types présents a contamination higher than 15% from one type to the others [START_REF] Menanteau | The Morphological Demographics of Galaxies in the Advanced Rodney DELGADO-SERRANO PhD thesis Caméra for Surveys Hubble Ultra Deep Parallel Fields[END_REF]. Nonetheless, ignoring this significant considération, this method is still used to morphologically classify local and distant (z~0.6) galaxies (see next chapter)(e.g., Abraham et al. 1996a;[START_REF] Smail | A Catalog of Morphological Types in lü Distant Rich Clusters of Galaxies[END_REF]: Brinchmann et al., 1998;Conselice et ai, 2004;Papovich et al, 2005;Lauger et al., 2005b;[START_REF] Menanteau | The Morphological Demographics of Galaxies in the Advanced Rodney DELGADO-SERRANO PhD thesis Caméra for Surveys Hubble Ultra Deep Parallel Fields[END_REF]Ilbert et al., 2006, etc.).

More recently, other new parameters hâve been also introduced: the srnoothness (S) (Conselice, 2003), the Gini (G) coefficient (Abraham et al., 2003), the M20 coefficient (Lotz et al, 2004), and the coarseness parameter (Yamauchi et al., PhD thesis

Rodney DELGADO-SERRANO Due to the above uncertainties, further steps fiave been taken. The concentra tion. the asymmetry. and the smoothness parameters hâve been combined to form the CAS System, it seerns more robust, though it is effective only in separating the early and late type galaxies (Cassata et al., 2005). Then, larger quantifies of coefficients (radius, C, A, G, and M20, foi' example) liave been combined (Scarlata et al., 2007). Nonetheless, a significant contamination seems to be always présent.

As a conclusion, the non-parainetric methods or "automatic methods", are easily applied to a large number of galaxies, without human intervention, just by adapting them to a computer code. Nevertheless, even if they could be very promising for the future, at, the présent day they are not accurate enough to be applied in order to measure precisely and exactly the morphology of galaxies, and quantify accurately the morphological évolution of galaxies. Moreover, Lisker (2008) and [START_REF] Chen | Color-Magnitude Relation and Morphology of Low-Redshift ULIRGs in Sloan Digital Sky Survey[END_REF] show that the coefficients used in such methods plane froni Lotz et al. (2008). Tlieir symbols and colors correspond to the visual classification from the Carnegie Atlas [START_REF] Sandage | The Carnegie Atlas of Galaxies[END_REF]. Symbols are as follows: elliptical, S0 and Sa galaxies are shown as red circles; Sb and Sbc galaxies are shown using green triangles; Sc, Sd and irregular galaxies are shown as blue crosses. The purple asterisks represent the merger candidates (ULIRGS).

The parametric methods

The main goal of the parametric methods consists in fitting one or different analytical models to the observed light distribution of the galaxy. They can include, e.g., radial multi-Gaussian deconvolut.ion [START_REF] Bendinelli | Abel intégral équation inversion and deconvolution by multi-Gaussian approximation[END_REF][START_REF] Fasano | Early-Type Galaxies in the Hubble Deep Field: The <mu_ e>-r_ e Relation and the Lack of Large Galaxies at High Redshift[END_REF], or
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Rodney DELGADO-SERRANO Figure 3.5: Example of bulge+disk décomposition from [START_REF] Boroson | The distribution of luminosity in spiral galaxies[END_REF].

bulge+disk décomposition (Schade et al., 1995(Schade et al., , 1996;;[START_REF] Ratnatunga | Disk and Bulge Morphology of WFPC2 Galaxies: The HUBBLE SPACE TELESCOPE Medium Deep Survey[END_REF] (see figure 3.5). The bulge+disk décomposition lias become popular because, as noticed by [START_REF] Simard | The DEEP Groth Strip Survey. II. Hubble Space Telescope Structural Parameters of Galaxies in the Groth Strip[END_REF], (a) it is rooted in tlie very first. studies of the functional form of galaxy radial surface brightness profiles [START_REF] De Vaucouleurs | Recherches sur les Nébuleuses Extragalactiques[END_REF][START_REF] De Vaucouleurs | Classification and Morphology of External Galaxies[END_REF];

(b) it provides a comfortable mental picture of the overall structure of a distant galaxy, i.e., it is conceptually simple to relate a quantitative measurement of galaxy type sucli as bulge-to-total light ratio to the familiar Hubble types; and (c) photometric entities such as bulges and disks hâve distinct dynamical counterparts.

The bulge can be modeled with a de Vaucouleurs law (de Vaucouleurs, 1948), with f{r) = fee('~r^Ve'>1/\ wliere re is the effective radius, and fe the flux witliin the effective radius. The disk can be modeled with an exponential law: /(r) = foe"fr//r,d, wliere /o is the flux in the center of the galaxy, and l'd is the disk radius. More recent studies show that it is more advisable to model the bulge, and the disk, with a Sersic law [START_REF] Sersic | Atlas de galaxias australes[END_REF]. In such a case, t he power 1/4 of the bulge profile is replaced by a power 1/n (n is the Sersic index), and the exponential profile describing the disk is siinilar to the Sersic law when n=l (see more details in section 6.2.1).
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Takiiig the best fit2 to the above models, one eau retrieve different physical parameters, such as flux, size, orientation, etc. Tliese methods tiius also allow us to measure the flux ratio between the different structures and the total galaxy flux. One example is the bulge to total light ratio (B/T), which is correlated to the morphological types [START_REF] Simien | Systematics of bulge-to-disk ratios[END_REF]Kent, 1985).

The first parametric methods were based on 1D fits, which rneans that the light distribution of the galaxies was considérai to be fixed within a unique value of inclination, position angle (P.A.), and ellipticity along the optical major axis. The first works focused on local galaxies (e.g., [START_REF] Kormendy | Brightness distributions in compact and normal galaxies. III -Décom position of observed profiles into spheroid and disk cornponents[END_REF][START_REF] Burstein | Structure and origin of S0 galaxies. III -The luminosity distribution perpendicular to the plane of the disks in SO's[END_REF][START_REF] Boroson | The distribution of luminosity in spiral galaxies[END_REF]Kent, 1985, see figure 3.5) (or more recently [START_REF] Pignatelli | GASPLIOT: a tool for Galaxy Automatic Surface PHOTometry[END_REF], even tliough, with the arrivai of new technologies and the Hubble Space Telescope (HST), deeper images with good signal-to-noise ratios (S/N) hâve allowed them to be applied to galaxies in the distant Universe. However, their principal limitation is the fact that they assume a 1D light distribution.

Many real galaxies exhibit more than two structural components such as nuclear sources, bars, spiral arnis, etc., or even in the presence of only a bulge and a disk, the ellipticity and/or the P.A. of tliese components might be functions of galactocentric distance [START_REF] Simard | The DEEP Groth Strip Survey. II. Hubble Space Telescope Structural Parameters of Galaxies in the Groth Strip[END_REF].

Another limitation is that they fix a unique center for the wliole galaxy struct ures, which is not necessarily the case.

To improve upon these approximations, new techniques, such as isophotal ellipse fitting in which it is customary to let ellipticity, position angle, and centroid vary from one ellipse to another, were developed (e.g., Peng et al., 2002[START_REF] Peng | Detailed Décomposition of Galaxy Images[END_REF].

Thus, the whole galaxy light distribution is now taken into account in a 2D fitting model. Another improvement of such 2D models is that different structures can be modeled at the same time (for example, bulge+disk i bar). These 2D models présent a higher number of parameters to be fitted than the 1D models. It is thus necessary to hâve images where objects are well resolved, and the S/N ratio is high enough to avoid degeneracies (see [START_REF] Simard | The DEEP Groth Strip Survey. II. Hubble Space Telescope Structural Parameters of Galaxies in the Groth Strip[END_REF][START_REF] Haussier | GEMS: Galaxy Fitting Catalogs and Testing Parametric Galaxy Fitting Codes: GALFIT and GIM2D[END_REF], for a more detailed discussion on the S/N effects). Another solution to reduce the possi ble degeneracies is to liinit the number of free parameters during the fitting process.

From the retrieval of the physical parameters of the different components, several morphological classifications hâve been proposed. Ravindranath et al.

(2004) and [START_REF] Barden | GEMS: The Surface Brightness and Surface Mass Density Evolution of Disk Galaxies[END_REF], for example, proposed a classification based only on the Sersic index n. In such a case, they distinguish between spheroidal types (n > 2.5), and late type galaxies (n < 2.5). Cassata et al. (2005) and Sargent et al. (2007) showed later that a classification based only on n is not as robust as a classification based on the B/T index. Nevertheless, we show 2generallv the best fit is détermine by using a y2 minimisation. More details about the y2 procedure can be found in subsection 6.2.1.
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Observables in galaxy morphology in Neichel et al. (2008) (see also chapter 5 and 0 for more details) that even the B/T vaille alone is not sufficient to robustly classify morphologically ail galaxies.

3.2.3

The color information

The color can be defined as the différence between two magnitudes (obtained using two different broad-band filters). By convention, the magnitude derived from the filter having the largest central wavelength is subtracted from the magnitude obtained from the filter having the smallest central wavelength (see subsections 6.2.3 and 6.2.5). A négative value will then rneans that we observe more light through the filter with smaller wavelength. and it is represented with a blue color.

The contrary is represented with a red color.

We can tlien dérivé a color for the whole galaxy (integrated color), a color for the different components of the galaxy (e.g., disk, bulge, etc.; Ellis et al., 2001), or even pixel by pixel color analysis (Abraham et ai, 1999;Menanteau et al., 2001Menanteau et al., , 2004;;Zheng et ai, 2001Zheng et ai, , 2005;;Papovich et al., 2005;[START_REF] Lanyon-Foster | Structure through colour: a pixel apprvach towards understanding galaxies[END_REF](see figure 3.6, and subsections 6.2.3 and 6.2.5). These last are only possible if the objects are well resolved.

An important précaution when working with samples of galaxies at different redshifts is to use different filters which correspond to the saine rest-frame band. in order to lirnit the k-correction effects (more details about the color analysis are sliown in chapter 6). In subsection 1.2.1, I show that each filter gives different information about the galaxy3. Thus, by comparing the magnitudes from two different bands one can hâve an idea, e.g., of the stellar population which dominate the whole galaxy or a part of it (old stars are red, and young stars are blue, even though it could be affected by dust). Tins can also give an idea of the history of the galaxy, or the history of the section of the galaxy we are interested in, by comparing its color 3revealing the different constituents of the galaxy.

Rodney DELGADO-SERRANO PhD thesis with stellar population models (e.g., Menanteau et al. 2001;Zheng et al, 2004Zheng et al, , 2005;;Rawat et al., 2007).

The integrated color is also related to the galaxy morphology [START_REF] Roberts | M 31 and a Brief History of Dark Matter[END_REF]Haynes, 1994b). Elliptical and lenticular galaxies are composed niainly by old stars, whicli are red. On the contrary, spiral and irregular galaxies are niainly composed of young stars, which are bluer. However, such a correspondence between integrated colors and morphological types must not be taken too seriously (for a detailed discussion see subsections 2.1, 6.2.5, and 6.4.3).

In any case, this corrélation lias also been adapted to the non-parametric coefficients (see subsection 3.2.1). [START_REF] Conselice | The Asymmetry of Galaxies: Physical Morphology for Nearby and High-Redshift Galaxies[END_REF] proposed a sequence connecting the A and S parameters to the integrated color of galaxies, going from the red and symmetric galaxies (ellipticals) to blue and asymmetric Sc-d. Lauger et al. (2005a) also proposed to use the color information to make a kind of spectro-morphological classification. It is doue by constructing A-C planes with the coefficients measured in different wavelength bands (i.e., k-morphological correction)(see also Kuchinski et ai, 2000;[START_REF] Burgarella | The ultraviolet visibility and quantitative morphology of galactic disks at low and high redshift[END_REF].

PhD thesis Nowadays, ail studies confirm that in the local Universe ~81% of galaxies are spirals, ~14% are early-type, and ~5% are irregulars (Nakamura et al., 2004;Fukugita et ai, 2007, see also chapter 1). This confirrns the composition of the local Hubble sequence discussed in chapter 1.

However, no sequence lias been derived for the distant Universe. The epoch from z-1 to z=0.4 is crucial for the assembly of galaxies. It still remains to understand how their morphological structures were formed and what physical processes fundarnentally drove their assembly. Wliile disks can be built bv accreting cooling gas in a dark halo (e.g., Fall &z Efstathiou, 1980), the formation of bulges may be regulated by either external or internai processes (see [START_REF] Combes | Building Galaxies; from the Primordial Universe to the Présent[END_REF], for a review). The bulges can be formed via either primordial collapses at an early tiine (e.g., Eggen et al., 1962) or hierarchical mergers (e.g., Kauffmann, 1996). In the later case, violent star formation is expected (ULIRGs are mostly associated with merging Systems, [START_REF] Sanders | Luminous Infrared Galaxies[END_REF]. Comparison of morphological properties between distant and local galaxy populations is essential to, e.g., unveil whether the merging process regulate bulge formation. In the secular processes, bars are mostly suggested to be efficient at driving gas into the galactie center and changing Rodney DELGADO-SERRANO PhD thesis star orbits to forai a central bulge-like structure [START_REF] Combes | Box and peanut shapes generated by stellar bars[END_REF][START_REF] Debattista | Bulges or Bars from Secular Evolution[END_REF].

4.1.2 Distant Universe (z > 0.3)

Undoubtedly, with the arrivai of the HST, over the past two décades a lot of work lias been carried out to uncover the morphology of distant galaxies.

One of the main contribution of such works lias been to address the mor phological évolution of field galaxies. Lilly et al. (1998) found that massive disk galaxies show a constant number density from z~l. Elliptical galaxies also exhibit little évolution up to z~l in tlieir number density (Schade et ai, 1999), although non-negligible star formation at z <1 was detected in a substantial sub-population (Menanteau et al, 2001;[START_REF] Treu | The Evolution of Field Early-Type Galaxies to z 0.7[END_REF]. Additionally, mor phological investigations based on large galaxy samples revealed that the number density of irregular galaxies increases with redshift (Brinchmann et al., 1998;van den Bergli et al., 2000, see figure 4.2). Such a significant évolution of irregular galaxies was suggested to be associated with a transformation into régulai-galaxies (Brinchmann &;Ellis, 2000).

Indeed, [START_REF] Van Den Bergh | A Morphological Catalog of Galaxies in the Hubble deep Field[END_REF][START_REF] Van Den Bergh | Caltech Faint Galaxy Redshift Survey. XIV. Galaxy Morphology in the Hubble Deep Field (North) and Its Flanking Fields to Z-1[END_REF] and Brinchmann et al. (1998) found that disk galaxies at redshifts z^0.3 hâve morphologies that appear to differ systematically from those of nearby galaxies. Furthermore. while accumulated evidence suggests that most, massive elliptical galaxies in the field are in place prior to z =1 (e.g., [START_REF] Daddi | EROs and the formation epoch of field ellipticals[END_REF][START_REF] Phd | The K2Ü survey. I. Disentangling old and dusty starforming galaxies in the ERO population[END_REF](see also [START_REF] Van Dokkum | On the Assembly History of Early-Type Galaxies in the Hubble Deep Field-North[END_REF]Bell et ai, 2004b;[START_REF] Drory | The Munich Near-Infrared Cluster Survey (MUNICS). VI. The Stellar Masses of K-Band-selected Field Galaxies to z~1[END_REF], the formation of spiral galaxies is still debated (Hammer et al., 2005b).

However, such conclusions must still be taken carefullv because they re suit from different studies, wliich hâve been doue using different samples with different sélection criteria, and not necessarily with équivalent observational data for distant and local galaxies. Moreover. sonie of these studies hâve been carried out using different morphological classification methods. It lias been noted in the previous chapter that sonie methods are still not good enougli to separate the different morphological types eorrectly. Therefore, compared with the galaxy distribution along the Hubble sequence in the local universe, a complété morphological census of field galaxies at 0.4 < z < 1 will provide dues to understand their global morphological transformation and évolution. In such a case, a verv careful analysis of the observational data available must be done, in order to guarantee the possible comparison between local and distant morphologies.

Concerning objects at z 1, nowadays we do not dispose of morphologically (1998). As it can be noticed in the histograms at the right-bottoin, the fraction of irregular galaxies increases vvith redshift.

exploitable images for galaxies at more tlian 8 Gvr in the past. Nonetheless, the futures ELTs will give us a better morphological view of such epochs.

Need of representativeness

In subsection 1.2.1. I made a description of the principal considérations to be taken into account when classifiying a sample of galaxies, assuming that the number of galaxies in the sample being studied is high enough to avoid any morphological type population to be missed (see below). However, beyond the sélection criteria (see subsection 1.2.1), the representativeness of a sample is another fundamental considération to be taken into account. How could we make conclusions, concerning the évolution of a spécifie galaxy characteristic, by studying a sample that does not statistically represent the whole galaxy populations? It is a difficult task.

Indeed, my expérience during rny thesis showed me that representativeness and sélection criteria must be treated carefully. In Neichel et al. (2008) (see chapter 5), we studied a représentative sample of distant galaxies (see also Delgado-Serrano 

Sample representativeness and luminosity function

Galaxy surveys are gathering large samples of galaxies. Their aims are to minimise statistical uncertainties (for 10000 galaxies, y/N/N is 1%), and often to overcorne the important probleui of cosmic variance.

One example of the conséquence of such statistical uncertainties is evoked in subsection 1.2.1: concerning the different morphological type populations, the smaller is a sample, the larger is the probability to miss one of them (e.g., the less abundant population). However, the study of such large quantifies of galaxies poses sorne tiine consuming problems, as well as sorne instrumental availability problems (e.g., if we study the morphology of 1000 galaxies, it, will be quite difficulté to dispose of kinematic observations for ail of them, because the observational techniques are more complicated and time consuming).

As a resuit, a high fraction of works are basée! on small samples of galaxies to study carefullv the different properties of ail the galaxies in the sample.

Nonetheless, they are facing the small statistics issue (for 100 galaxies, y/N/N is 10%). Because of tliis, they hâve to be very efficient in controlling the sélection effects related to the target sélection. Having said tliis, they are quite unique to probe, at the same time, dynamics, stellar populations, gas abundances, extinction and star formation rate. Why is tliis so important? Because z~l is already probing the universe at less tlian lialf its présent âge, wliere changes in galaxy properties are expected. Indeed, we know that the morphological appearances of distant galaxies are far more complex tlian those illustrated in the Hubble sequence (see previous subsection).

To measure the representativeness of a small sample, it is therefore judicious to use the galaxy luminosity fonctions derived from larger samples (e.g., Pozzetti et al., 2003;Cirasuolo et al., 2007).

The luminosity function gives the space density of galaxies per luminosity bin. It is lience a représentation of the galaxy number distribution with respect to their mass. Since the gravitational force is the principal responsible for the formation of structures (see appendix A), the mass can be consider as the most important parameter that characterized the whole galaxy population.
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Rodney DELGADO-SERRANO 4.2.2 What are the galaxies responsible for the évolution?

The origin of the star formation density décliné over the past. 8 Gyr is still a matter of debate. Studies based on spectral energy distributions (SEDs) of galaxies predict that 30% to 50% of the mass locked into stars in present-day galaxies actually condensed into stars at z<l [START_REF] Dickinson | The Evolution of the Global Stellar Mass Density at 0[END_REF]Pozzetti et al., 2003;[START_REF] Drory | The Munich Near-Infrared Cluster Survey (MUNICS). VI. The Stellar Masses of K-Band-selected Field Galaxies to z~1[END_REF]. This resuit is supported by the intégration of the star formation density when it accounts for infrared light (Flores et al., 1999). Indeed the rapid density évolution of luminous infrared galaxies (LIRGs, forming more than 20 M3yr~l)

suffices in itself to report for the formation of a high fraction of the total stellar mass found in intermediate mass galaxies (from 3 x 1010 to 3 x 1011 M0) (Hammer et al., 2005a). As opposed to the idea of galaxy "downsizing" [START_REF] Cowie | New Insight on Galaxy Formation and Evolution From Keck Spectroscopy of the Hawaii Deep Fields[END_REF] -strong évolution only in the faint blue dvvarf population -there is a growing consensus that most of the décliné of the star formation density is indeed related to intermediate-mass galaxies (Hammer et al., 2005a;Bell et al., 2005) (see more details in section 5.1).

It is more and more convincing that massive E/SOs and dwarves1 could not be responsible of the star formation density décliné, because the first ones were mostly in place at z=l (see previous subsection), and the second ones contribute marginally to the global stellar mass or métal content. It is therefore interesting to carrv out a detailed study of the morphological and kinematie properties of the population of intermediate mass galaxies, in wliich at least. 2/3 of the present-day stellar mass is locked (Brinchmann & Ellis, 2000;[START_REF] Heavens | The star-formation history of the Universe from the stellar populations of nearby galaxies[END_REF]. 1 Hammer (2005) shows how unclear are the words "massive" or "dwarves". Indeed, let.'s define massive galaxies as those having Mstar > 3 x 1011 M© (i.e. bigger than the Milky Way), and dwarves as those having M.star < 3 1010 M©. This is somewhat arbitrary (as any définition), alt.hough with these criteria, E/SU dominate the massive régime, spirals dominate the intermediate mass régime, and irregulars become a significant, population in the dwarf régime (see figure 4.3).

Rodney DELGADO-SERRANO PhD t.hesis Figure 4.3: Intermediate mass galaxies [START_REF] Hammer | Growth of Spirals: Secular or Driven by Mergers ? ArXiv Astrophysics e-prints[END_REF]. This is an adaptation of figure 3 of Nakamura et al. (2004), wliich présents the morpliological-dependent luminosity functions (MDLFs) frorri the SDSS. The two vertical blue Unes distinguish the area of intermediate mass galaxies. For this purpose [START_REF] Hammer | Growth of Spirals: Secular or Driven by Mergers ? ArXiv Astrophysics e-prints[END_REF] hâve assumed a ratio M/Lr*=5, by averaging results frorn [START_REF] Glazebrook | The Sloan Digital Sky Survey: The Cosmic Spectrum and Star Formation History[END_REF] fits of the spectral energy distribution of SDSS galaxies. Introduction

Over the years before our survey IMAGES (Intermediate MAss Galaxies Evolution Sequence), a lot of efforts had been made to study the properties of galaxies in the distant universe (at z ~1), showing growing evidence of a significant évolution with cosmic time. Examples of such evidence are the rapid time decrease of the cosmic SFR (star formation rate) density, the rôle of merging in the évolution of galaxies, the importance of studying in details the morpliology of high-redshift galaxies, and the possible évolution of the TFR.

Concerning the SFR history, it had been found a décliné of the cosmic SFR by a liigh factor ~10 from z ~1 to the présent (see figure 5.1;Le Floc'h et al, 2005;[START_REF] Haarsma | Faint Radio Sources and Star Formation History[END_REF][START_REF] Wilson | Star Formation History since z=1.5 as Inferred from Rest-Frame Ultraviolet Luminosity Density Evolution[END_REF][START_REF] Cowie | Evidence for a Graduai Décliné in the Universal Rest-Frame Ultraviolet Luminosity Density for Z[END_REF]Flores et ai, Chapter 5. IMAGES 1999;Hammer et al., 1997;[START_REF] Lilly | The Canada-France Redshift Suruey: The Luminosity Density and Star Formation History of the Universe to Z approximately 1[END_REF][START_REF] Madau | High-redshift galaxies in the Hubble Deep Field: colour sélection and star formation history to z~f[END_REF]. Although the conclusions are reached from different data, they are consistent witliin a factor of 3 [START_REF] Hopkins | On the Evolution of Star-fomning Galaxies[END_REF]. Furthermore, recent results from Herschel observations, which give a more précisé measurement of the SFR1, consolidate such a strong évolution of the cosmic SFR [START_REF] Rodighiero | The first Herschel view of the trtass-SFR link in high-z galaxies[END_REF]. [START_REF] Heavens | The star-formation history of the Universe from the stellar populations of nearby galaxies[END_REF], using the SDSS survey, suggest that the co-mobile star formation density may hâve reached its peak as late as z ~0.6, and this bulk of star formation was mostly dominated by star formation in galaxies in the range 3-30x1010 M© (see also Hammer et al., 2005a). Even if such a peak could be at z~2 due to dust effects and the larger measure uncertainties at z>l [START_REF] Pérez-Gonzâlez | Spitzer View on the Erolution of Star-forming Galaxies from z -0 to z ~3[END_REF], 2008), the high SFR values at z<l led argue that about half of the local stellar mass density has been formed since z -1, mostly in luminous infrared galaxies (Bell et al., 2005;Hammer et al., 2005a;[START_REF] Dickinson | The Evolution of the Global Stellar Mass Density at 0[END_REF].

As a conséquence of these facts, galaxy interactions and merging are mechanisms that could play a significantly larger rôle for star-formation and mass assembly in the distant universe than today (Hammer et al., 2009a;Hopkins et ai, 2010). Le [START_REF] Fèvre | Hubble Space Telescope irnaging of the CFRS and LDSS redshift surveys -IV. Influence of rnergers in the évolution of faint field galaxies from z '1[END_REF] fourni that the merger rate in the distant universe (z~l) was about 10 times higher than at low redshift (see also Rawat et al, 2008; Bell et al., 2006b;Lotz et al, 2006;Conselice et al, 2003). The high merger rate detected in the distant universe mises a challenge to the standard scénario of disk formation2, since till today most, of the simulations predict that major mergers form essentially elliptical galaxies (see subsection 2.2). Given the number 1 The SFRs are calculated by assuming that they are proportional to the integrated infrared luminosity (LIR, typically 8-1000 /im, Kennicutt 1998). Then, the flux through an IR broadband range is converted into LIR by fitting the flux using a SED library (e.g., Chary & Elbaz, 2001), in which for a given redshift and band flux, a unique solution to LIR exists. The previous works had only available observations in the 12-18 /un (e.g., Flores et ai, 1999) and 24 /un (Spitzer observations). These wavelengths are relatively far from the IR-SED peak (produced principally by the émission of the dust heated by young stars), which makes them sensitive to extrapolation errors. In addition, at these wavelengths, polycyclic aromatic hydrocarbon (PAH) émissions, as well as the ÀGN-heated dust émissions, are présent and the ratio of their fluxes to LIR may create significant scatter. With Herschel observations at 160 /un (PACS), fluxes probe the émission rnuch doser to the SED peak and are unaffected by the above issues (more details in Nordon et ai, 2010). It allows Herschel observations to provide the most reliable and least biased SFR rneasurements to date, avoiding large SED extrapolation errors.

2Early studies of the MilkyWay (MW) hâve led to a general description of the formation of a disk galaxy embedded in a halo (Eggen et al, 1962). Fall & Efstathiou (1980) set out a model of galaxy formation assuming that disks form from gas cooling condensing in dark halos.

Protogalactic disks are assumed to be made of gas containing a substantial arnount. of angular momentuin, which condenses into stars to form thin disks [START_REF] Larson | Models for the formation of dise galaxies[END_REF]. These disks then evolve only through secular processes. This so-called standard model successfully reproduces the flat rotation curves and the size of spiral galaxies (e.g., Mo et al, 1998, and of pairs detected in tlie past, if major mergers always generate elliptical galaxies inevitably, we would fmd a large fraction of elliptical galaxies in the local Universe rallier tlian the ~70% of observed spiral galaxies. Similar problerns appear with the observed fraction of luminous compact blue galaxies (LCBGs), which increases with redshift by about an order of magnitude out to z ~1 (Rawat et al., 2007;Werk et al.;2004). First, LCBGs were associated to progenitors of local spheroidal or irregular galaxies at low redshift (e.g., [START_REF] Koo | High-resolution spectra of distant compact narrow émission line galaxies: Progrenitors of spheroidal galaxies[END_REF][START_REF] Guzman | Luminous Blue Compact, Dwarf Galaxies: a Key Player in Galaxy Evolution[END_REF]. Later, Hammer et al. (2001) proposed that-these galaxies were the progenitors of the Indeed, in the past, morphological investigations hâve brought observational evidence that a large fraction of galaxies at intermediate redshift hâve peculiar morphologies that do not fit into the standard Hubble sequence (e.g., Abraham et ai, 1996b;Brinchmann et al.. 1998;van den Bergh et ai, 2001;Zheng et al., 2005).

This could be related to the rnerger rate and SFR évolution cited above ( Hammer PhD thesis

Rodney DELGADO-SERRANO Chapter 5. IMAGES et al., 2005a). Furtlieniiore, different observations snggest that most of the massive elliptic.al galaxies were in place prior to z = 1 (Jimenez et al., 2007;[START_REF] Bernardi | Evolution and Environment of Early-Type Galaxies[END_REF].

While the formation and évolution of spiral galaxies still pose soirie problems and different physical processes cari rnodify the galaxy properties over cosrnic tirne (mergers hâve always been associated to the destruction of the disk), a robust morphological analysis of distant galaxies is crucial to understand their component structures and the eventual relation between inorphology and kinematics in the distant Universe. (1997b,a)(see also [START_REF] Bell | Stellar Mass-to-Light Ratios and the Tully-Fisher Relation[END_REF]). 2.) TFR scatter in the distant Universe using intégral held spectroscopy frorn Flores et al. (2006). Here, the blue circles are the galaxies classified as rotating disk, red triangles are galaxies with complex kinematics, and green squares are galaxies presenting a perturbed rotation. If we take into account only the rotating disk galaxies the significant scatter observed in the distant TFR (bottom-left) disappears.

In addition to the study of properties of individua.1 galaxies with the IMAGES Rodney DELGADO-SERRANO PhD thesis survey. we hâve also studied fundamental relations such as the Tully-Fisher relationship (TFR, Tullv & Fisher. 1977)(see [START_REF] Giovanelli | The Tully-Fisher Relation and H 0[END_REF], for a cosmological view), which relates the luminosity and the rotation velocity of disk galaxies (see figure 5.2). Pioneering studies (Vogt et ai, 1996(Vogt et ai, , 1997)), using sût spectroscopy, hâve clairned a strong évolution of the TFR as a function of cosrnic time . Out to z ~1, the B-band TFR lias been found to evolve bv ~0. 2-2 niag (e.g., Portinari & Sommer-Larsen, 2007, and référencés therein). This brightening of the B-band TFR can be explained by the enhanced star-formation rates at higher redshifts [START_REF] Ferreras | A Backwards Approach to the Formation of Disk Galaxies. I. Stellar and Gas Content[END_REF]Ferreras et ai, 2004), but it is still a matter of debate. Conselice et ai (2005b), instead of B-band, used the K-band to retrieve the TF relationship. The importance of the K-band is that it is less affected by the dust and is a better tracer of the stellar mass than the B-band. Conselice et al. do not, find significant évolution in either the stellar mass or K-band TFR's slope or zéro point. However, the most striking évolution of the TFR is provided by its large scatter at high redshifts (Conselice et al., 2005b, see figure 5.2), which may be related to disturbed kinematics in distant galaxies that can be infer by extrapolating the observed kinematics of local galaxies (e.g., Kannappan & Barton, 2004, see figure 5.3). Another possible cause of this scatter at high z is the sarnple sélection (see subsection 1.2.1). In any case, it is crucial to find an explanation to the discrepancy betvveen the previous studies, in order to understand whether the TF relationship is preserved at higher redshift, or if it is only a property of local galaxies, as well as better understant the morpho-kinematic évolution of galaxies.

As the above kinematic investigations at intermediate redshift were based on long (or multi) sût spectroscopy, the large dispersion (e.g., in the TFR) may thus be related to instrumental effects. Indeed, measuring the kinematics of distant galaxies precisely and robustly is necessary to study galaxy évolution. However, this is often beyond what can be achieved with classical long-slit spectroscopy (see figure 5.4). The morphologies and kinematics of distant galaxies are often complex, and their small sizes make it verv difficult to precisely position and align the sût.

Botli limitations can be overcome with integral-field spectroscopy. 3D spectroscopy appears to be a pre-requisite to sample the whole velocity field of individual galax ies in order to lirnit the uncertainties related to the major axis détermination and those related to galaxy interactions. Such effects liave been already tested for nearby spirals by comparing Fabry-Perot to sût measurements which show that sût measurements can easily provide under or over estimâtes of the maximum velocity by factors reaching 50% (Amram et al., 1995). Worse yet is that many of the high redshift studies do not even place the slits along the major axis in order to preserve the multiplex advantage of slitlet MOS. Physically speaking, inuch larger uncertainties are expec.ted for distant galaxies which are actively forming stars (up to rates larger tlian lüOM0//yr) and for which the frequency of interactions is very cominon. Onlv velocity fields froin 3D spectroscopy can disentangle the pure (2002). We can see the waves in the part corresponding to the "plateau" of the rotating curves.

circulai rotation from chaotic/non circulai-motions (Flores et al., 2006). Eveil if rotation curve anomalies, such as those detected by Kannappan et al. (2002) (see ligure 5.3) using long slit spectroscopy on nearby galaxies, can be explained by velocity field distortions due to ininor or major mergers taking place during the history of each galaxy, it is unclear whether such details can be identified on distant galaxies by using long slit spectroscopy. These last years, it lias then becoine urgent to investigate the full 3D kinematics of distant émission line galaxies.

3D spectroscopic observations can provide us with detailed kinematics, including accurate measurements of velocities in order to study physical relations such as the Tully-Fisher one [START_REF] Tully | A new method of determining distances to galaxies[END_REF] (see also Flores et ai, 2006).

VLT/GIRAFFE is one of the instrument which provides us with such an IFU mode. This spécial mode, thanks to the high spectral résolution (R ~9 000) of installed on the UT2 at VLT, and lias a wavelength range frorri 370 nm to 950 nm. The Intégral Field Unit (IFU) mode of tins instrument is composed of 15

IFUs witli R=9 000. Each IFU is made of 6x4 micro-lens (0.52 arsec/lens) tliat can be displayed in the telescope focal plan. This makes it the only instrument in the world able to get the intégral field spectroscopy of 15 objects at the sanie tiine (see figure 5.6).

Therefore, given the above tantalizing hints for galaxy évolution, the obvious complexity of the problem, and the contradictory results, the IMAGES survey lias applied a different approach, usirig the State of the art in instrumentation, in order to study the kinematic of distant galaxies. We tlien consider tliat the most significant way forward is to conduct a dynamical study of a large sample of galaxies with excellent intégral spectrophotometry (VLT/FORS2 observations) and photometric data (in ternis of deptli and angular résolution).

The combination of the intégral field spectrograph FLAMES/GIRAFFE with higli resolution images frorri HST/ACS allow us to take advantage of estimating the évolution in both the morphological properties and kinematics of galaxies of a large sarnple of galaxies. As a resuit, with IMAGES, we will be in a position to evaluate the relative importance of the different physical processes (merging, dynamical friction between sub-components, monolithic collapse) driving the évolution of the ensemble of galaxies spanning a wide range of morphologies.

The survey

The Intermediate MAss Galaxies Evolution Sequence (IMAGES) survey lias been constructed to get a maximum of information in a représentative sarnple of distant galaxies (see below, and figure 5.7). Through the ESO large programme IMAGES, it lias been intended to (1) establish the kinematic and morphological évolution of galaxies; (2) test the different physical processes leading to the présent day These observations allow us to study the kinematics, the morphology, emission/absorption line properties, and the intégral Chemical properties of galaxies. survey IMAGES). This field is then one of the largest deep field of sky observed by sucli a multitude of instruments.

Sample sélection and representativeness

The IMAGES sample lias been selected with the aim of containing a représentative sample of galaxies having an absolute magnitude in J band brighter tlian -20.3.

This corresponds to galaxies with a mass roughlv > 1.5x1010 M0. Galaxies Sample sélection and représentâtiveness 73 with stellar masses from 3x1010 to 3x10*1 M0 are also known as intermediate mass galaxies, and at intermediate redshift (0.4 ^z ^1), wliere the cosmic SFR density reaches its peak [START_REF] Heavens | The star-formation history of the Universe from the stellar populations of nearby galaxies[END_REF], they host most of the star formation (Hammer et al., 2005a). Furthermore, these galaxies include most (from 65 to 85%) of the present-day stellar mass, which implies tliat about half of the stellar mass in intermediate-rnass galaxies was formed since z = 1 ( Dickinson et al., 2003). Therefore, in the frame of the IMAGES survey, and complementary to the existing data froin low resolution spectroscopic follows up (VVDS, K20, GOODS/FORS2/VIMOS), Ravikumar et al. (2007) observed a sample of galaxies with VIMOS/VLT to define the full IMAGES sample. This includes galaxies with 0.4 ^z ^0.9, and Mj ^-20.3. Figure 5.9: EW[OII] histogram for GTO sample galaxies (Flores et al., 2006). For galaxies with EW([OII])^15 À, GIRAFFE can retrieve their kinematics after 8 h of intégration time (black région). The major difficulty studying the deteeted galaxies is then related to the flux strength. 5.9). These galaxies having a significant line émission flux represent 60% of intermediate mass galaxies at intermediate redshifts (Hammer et al., 1997). Then, the kinematic observations of the IMAGES sample are based on the analysis of émission lines, mainly the [OII] À3727 émission line that the combined sample of 63 galaxies with MJ(AB) ^-20.3 is représentative of galaxies with stellar niasses larger than 1.5xl010Mo at, z ~0.6. (Yang et al., 2008, and appendix G).
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In order to test the representativeness of the sample we hâve compared the distribution of the J-band absolute magnitudes of the IMAGES sample, combined with the GTO sample of 35 galaxies (Flores et al., 2006), with the luminosity function (LF) from (Pozzetti et al., 2003). Both samples (GTO+IMAGES) can be merged because the sélection of Flores et al. is équivalent to that of IMAGES and because both studies use the saine instrumental set-ups and intégration times (Yang et al., 2008). Applying our criteria of M.J(AB) Y -20.3, 0.4 ^z 0.9, and EW([OII]) A 15 , the IMAGES+GTO sample is left with 63 galaxies with high qualit.y data to carry out our analysis. The luminosity distribution of the combined sample and the luminosity function at redshift of 0.5 and 1 are compared in figure 5.10. Kolmogorov-Smirnov tests support that the complété sample follows the luminosity function in the z = 0.4 -0.75 range at >99.9% confidence level (Yang et al., 2008). Furthermore, the combined two samples include galaxies from 4 different fields, namely the CDFS, HDFS, CFRS03h and CFRS22h. It is then unlikely that our conclusions are affected bv cosmological variance due to field-Rodney DELGADO-SERRANO PhD thesis to-field fluctuations, and related to large scale structures (see Ravikumar et al., 2007;[START_REF] Somerville | Cosrnic Variance in the Great Observatories Origins Deep Survey[END_REF]. Our sample is thus représentative of MJ(AB) A -20.3 émission line galaxies at z = 0.4 -0.75. At this redshift range, it is the only représentative sample of distant galaxies witli measured 3D kinematics that exist nowadays.

5.4

Results of the IMAGES survey IMAGES broad results are described within a sériés of four papers. The first one (Yang et al., 2008, see subsection 5.4.1) présents the kinematic study of distant galaxies, the second (Neichel et al., 2008) makes the morpho-kinernatic comparison in galaxies 6 Gyr ago, the third (Puech et al., 2008) studies the Tully-Fisher relation and its évolution silice z~0.6, and the last one (Rodrigues et al., 2008) investigates the Chemical abundance évolution and the mass/metallicity relation of galaxies over the past, 8 Gyr. I participated in two of them (IMAGES II and IMAGES IV, see sections 5.4.2 and 5.4.3).

In these studies, my contribution is related to the morphological analysis of galaxies and its relation with their kinematics, the measure of Ri/2, inclinations, disk radius, EW[OII], among others. Disk radius and inclinations are also important to establish the rotation velocities of galaxies. More details about the morphological analysis can be found in chapter 6. I hâve also studied the morphology of distant and local galaxies [START_REF] Delgado-Serrano | How was the Hubble sequence 6 Gyr ago?[END_REF], using this survey and the SDSS (Sloan Digital Sky Survey). This last study is detailed in chapter 6.

To better understand our results in subsections 5.4.2 and 5.4. et al., 1997), and assuming the rest, 40% of galaxies to be dynamically relax, they conclude tliat. at this redshift range at least 41 ±7% of galaxies lias perturbed or complex kinematics. This kinematic State of galaxies at z~0.6 is very different from tliat observed 6 Gyr later (in the local Universe). Indeed, in the local Universe, roughly 70% of intermediate mass galaxies are dynamically relax spiral galaxies, while a few percents correspond to irregular, compact, or merger galaxies (Fukugita et al., 2007, and references therein). Therefore, galaxy kinematics are among the most rapidly evolving properties between z~0.6 and today. Which is the physical process driving to such fast évolution?, Is this kinematic évolution corroborated by a morphological évolution?

5.4.2

The morpho-kinematic corrélation 6 Gyr ago First, we hâve studied the corrélation between morphology and kinematics at z~0.6, as well as compared different morphological classification methods (Concentration-Asymmetry, Gini-M20, our own).

This was the principal objective in the second IMAGES paper (Neichel et al., 2008), in which we defined a robust morphological classification methodology.

By applvirig this new classification to a kinematically studied sample of distant galaxies (see previous subsection), we show tliat the retrieved morphologies are well correlated to their kinematic classification. We find tliat, at z~0.6, 4/5 spiral galaxies are rotating disk, and more than 4/5 peculiar galaxies are not in a dynamical equilibrium. Therefore, using this new method to morphologically Rodney DELGADO-SERRANO PhD thesis

Introduction

In the local universe, galaxy morphologies can be organized along the Hubble sequence. Both the physical and kinematic properties of galaxies vary systematically with the Hubble type (Roberts & Haynes 1994). In this scheme, rotating disk galax ies constitute the majority of the galaxy population. They * Intermediate-mass Galaxy Evolution Sequence. In the distant universe, morphological investigations based on HST imaging hâve brought observational évi dence that a large fraction of galaxies hâve peculiar mor phologies that do not fit into the standard Hubble se quence (e.g. Abraham et al. 1996;Brinchmann et al. 1998;van den Bergh et al. 2001;?). For instance, Zheng et al. (2005) conclude that at least 30% of the intermediate-mass galax ies at î = 0.4-1 hâve peculiar morphologies, whercas they Article publishcd by EDP Sciences represent less than few percent in the local universe. Over this fraction, more than 2/3 are luminous compact galaxies (LCGs - Rawat cl al. 2007), an enigmatic population that has almost completely vanished in the local universe, with up to a factor ~10 decrease in comoving number density (Werk et al. 2004).

While different observations suggest that most of the massive elliptical galaxies were in place prior to z = 1 (Jimenez et al. 2007;[START_REF] Bernardi | Evolution and Environment of Early-Type Galaxies[END_REF], the formation and évolution of spiral galaxies is still under debate. Different physical processes can modify the galaxy propertics over cosmic tinte, and the main hypothesis processes are:

(i) the secular évolution with slow and continuons matler accretion through the inter-galactic medium (e.g., Semelin & Combes 2005;Birnboint et al. 2007);

(ii) minor mergers and accretion of small satellites (Somerville et al. 2001);

(iii) more violent évolution through hierarchical merging (e.g., Hammer et al. 2005) as a function of lookback tinte.

To help establish the relative importance of each proccss, both high-resolution imaging and intégral fteld spectroscopy are required. Morphologieal studies can offer substantial dues to the merging rate (Conselice et al. 2003;Bell et al. 2006;Lotz et al. 2006), but kinematics studies using 3D spectroscopy appear to be a prerequisite to sampling the whole velocity field of individual galaxies and to direetly distinguishing between interacting and non-interacting galaxies. The internai kinematics of galaxies arc of primary interest because they probe the evolutionary State of these objects.

In that are statistically different from local disks and whose dis persions in properties are described by simulations of merg ers (Puech et al. 2007a). In a first approach, Puech et al. (2007) suggest that galaxies with pure rotation could be associated with secular évolution, perturbcd rotation with minor merg ers (Puech et al. 2007b), and galaxies with complex kinematics could be the resuit of more violent events (e.g. major mergers).

In 

Data

The whole sample is composed of 63 galaxies that were ob Because our morphologieal classification use color informa tion (see Sect. 3.2), we chose to restrict ourselves to a smaller sample (52 objects) with multi-band HST data (see Sect. 2.2). In the following we refer to the 63 galaxies as the "original sam ple" and to the sub-sample of 52 galaxies having multi-band data as our "working sample". The working sample follows the Z ~0.6 luminosity function with very similar confidence level. -rotating disks (RD): when the velocity field shows a rotation pattern that follows the optical major axis and the dispersion map show a peak near the dynamitai center;

-perturbed rotators (PR): when the velocity field shows a rota tion pattern but the dispersion map shows a peak nol located at the dynamical center, or does not show any peak;

-complex kinematics (CK): when velocity field and dispersion map show complex distributions, very different from that expected for simple rotating disks.

A complété description of the methods and analyses for reducing the data and classifying the galaxies is given in Flores et al. (2006) and Paper I. The final kincmatic classification for each galaxy can be found in Table 4 (Col. 10).

Complementary imaging data

To carry out our morphological classification, we make use of ail the HST data publicly available. Galaxies were selected in 4 dif ferent fields, namely: the Canada France Redshift Survey 03h and 22h, the Hubble Deep Field South and the Chandra Deep Field South. In the following, we describe each field and the corresponding HST data.

Chandra deep field south

The CDFS (GOODS project) was observed with ACS in F435W (3 orbits), F606W (2.5 orbits), F775W (2.5 orbits), and F850W(5 orbits) bands (0.05"/pix - Giavalisco et al. 2004). We used the publicly available version vl.O of the reduced, calibrated, stacked, mosaicked and drizzled images (drizzled pixel scale = 0.03"). Thirty-five objects of the original sample are lo cated in the CDFS. Ail these galaxies are included in our working sample.

Hubble deep field south

The HDFS was undertaken in 1998 (Williams et al. 2000). It consists of a deep principal field observed during 150 orbits and 9 contiguous flanking fields observed for 2 orbil each (Lucas et al. 2003). For the principal field, WFPC2 imag ing with the F300W, F450W, F606W, and F814W broadband tilters was performed (drizzled pixel scale = 0.04" - Casertano et al. 2000). The (lanking fields were only observed with WFPC2 -F814Wband (drizzled pixel scale = 0.05/,/pix).

Nine galaxies of the original sample are embeddcd in the HDFS:

5 are in the principal field, 2 are in FF2, and 2 in FF5. The 5 galaxies located in the principal field are included in the working sample.

Canada-France redshift survey

The CFRS consist in 4 different fields located at 03h, 10h, 14h, and 22h. It was partially observed with the WFPC2 caméra (0.1 "/pix). A first campaign was in the 03h and 14h fields with F450W and F8/4W filters (Schade et al. 1995). These observa tions were completed with F8I4W filter orbits, including the 1 Oh and 22h field (Brinchmann et al. 1998). Finally, F606W and completion of F814W were carried out in the 03h and 14h fields (Zheng et al. 2004). The original sample is divided between the 03h and 22h Table 1 summarizes the data available for the original sam ple and the working sample. Middlc row Iists ail the objects in cluded in the original sample. Last row lists the objects with HST multi-band data included in the working sample. Despite the lact that the working sample includes galaxies observed at different resolutions, spatial samplings, and depths (ACS compared to WFPC2 and observed at different wavelengths), we find that nonc of these effects restricts our ability to homogeneously classify ail the galaxies morphologically. Moreover, note that the majority of the galaxies hâve high-resolution data taken with ACS with its better-sampled data and depth.

Morphological classifications

We chose to follow a morphological analysis in three steps: (i) a surface brightness profile analysis was carried out to quantify structural parameters; (ii) we constructed a set of color maps for the whole sample; (iii) a morphological label was assigned to each object based on visual inspection of the images and color maps, and a detailcd analysis of the structural parameters and physical properties derived from the first two steps.

Surface brightness analysis

The surface brightness profile analysis was essentially per formed to dérivé the half-light radius and the bulge frac tion (BIT).

Half-light radius

The half-light radius can be used as a compactness parameter.

We consider that, under a half-light radius cutoff, objects are too compact to be clearly classified. These objects are fairly common at high z, and they represent a spécifie morphological category (Rawal et al. 2007). We chose to follow the compactness criteria defined in Melbourne et al. (2005), which classify as compact ail objects with a half-light radius lower than 3 kpc.

Making a detailed morphological analysis for galaxies smaller than ihis si/e threshold, we found that our morphological analy sis became unreliable.

Two different techniques are used to dérivé lhe half-light radius. The first one is based on the IRAF task "Ellipse" (see Hammeretal. 2001, for a complété description of the proce dure) and the second one on our own 1DL procedure. In both cases, we adopted the method detailed in Bershady et al. (2000), which dettnes the total aperture as twice lhe Petrosian radius.

Both methods give consistent results within an error of one pixel, which represents -0.2 kpc (-0.7 kpc) at z = 0.6 for ACS drizzled images (respectively WFPC2 in CFRS).

Bulge fraction: B/T

The B/T parameter is broadly correlated with the traditional Hubble type as early type galaxies hâve high BfT, whereas late types are expected to hâve low B/T. Then, it provides a valuable first guess for the morphological type of an object (Kent 1985).

To dérivé the B/T for each galaxy, we used the Galfit software (Peng et al. 2002), which performs a 2D modeling of the galaxy (lux assuming predelined light distributions. We followed lhe same procedure as described in detail in Rawat et al. (2007).

Brielly, each galaxy is modeled as a combination of a bulge and a disk: the intensity profile of the bulge is modeled with a Sersic law and the disk as an exponential function. Ail the structural parameters (including Sersic index) are allowed to be free during the fitting process, exccpt for the sky, which was held fixed at the estimate made by SExtractor. Ail neighboring objects within 5.0 arcsec of the target are simultaneously fitted with a single

Sersic componcnt to avoid any flux contamination. Finally, dur ing the fitting process, the star closest to each galaxy is used as the PSF for convolution (see Rawat et al. 2007, for more details).

The results of the fitting procedure are a list of structural parameters. an image of the modeled galaxy, and a residual map constructed by the différence between real and modeled light distribution. This last map is used to compute a y2 that measures how far the modeled image is compared to the original light distribution. This parameter is generally used to estimate the qualily of the fil. However, we find thaï this parameter alone is not sufhcicnt for dceiding whether a fit is reliable or not. To illustrate this point, Fig. 1 shows the fitting procedure for two galaxies with their z-band images, fitting light models, and residuals. For these two objects, the software gives a similar level of confidence (y2 = 1.38 and y2 = 1.46), whereas in the first case (left column) the y2 is duc to spiral arms and to real irregularities in the second (right column). In fiact, the main limitation of parametric methods is that they use an "a priori" assumption on the light distribution, making them unsuitable for treating patchy light distribution often found in spiral galaxies, such as spiral arms. A spiral galaxy with prominent arms unavoidably produces a y2 > 1 because the spiral pattern is taken as if il was noise during the fitting. Flowever, we can guage the appropriate- We find that, for 40% of the galaxies in our sample, the 2D fit failed or seerns unreliable (Q -3) because light distribution présents overly distorted features. Ail these galaxies are morphologically peculiar objects. For galaxies that can bc modeled by bulge + disk, we considered a ségrégation of galaxies into dif Both B/T and half-light radius are evaluated in each available filter. However, to minimize any effects of k-correction, we only keep those derived from F850LP (for CDFS) or F8J4W

(for HDFS/CFRS) as it corresponds to the rest frame V band for ail the objects, due to the naiTow redshift range of the sample.

Final results for the rest-frame V band are presented in Table 4 (Cols. 4-6, and 9).

Colormaps

We made use of the available multi-band images to construcl two sets of color maps. The first set was obtained by combining, pixel by pixel, the magnitude in two observed

M Pec/M Pec/T Pec/Irr Spiral Disks (5) (6) (5) (13) (15) 
Fig. 2. Decision tree used to morphologically classify the sample. We assign each object a morphological label following step-by-step the arms of the tree. For each morphological class, we also report the number of galaxies. bands (see Abraham et al. 1999;Menanteau et al. 2001; Menanteau et al. 2004; ?, for cxamples). In the classification process. they are principally used to distinguish regular spirals with red bulges and blue disks (see Sect. 3.3). Moreover, this color information can be compared with evolutionary synthesis models and then used to investigate the distribution of the stellar populations within the galaxies (see Sect. 6.3). Physical properties, including whether some régions are dusty or starforming, can be derived from these color maps. This mcthod provides a very direct way to identify the physical nature of objects and compare distant galaxies with local galaxies in the Hubble sequence. The Ô435 -zgso color maps are produced for the 35 galaxies observed with ACS in the CDFS. For the objects located in the HDFS/CFRS, we obtained either £450 -/814

or Vôoô _ /g 14 color maps. The pixels assigned to the color maps were derived following the mcthod described in Zheng et al. (2004). This method allows quantitative measurements of the reliability of each pixel in the color map and then better constraints of the low signal-to-noise régions. Figure 12 (second row) shows the color map images for the 52 galaxies with multi-band data available (see caption for details).

As a complément to these quantitative color maps, we constructed another set of "false three-color images" (see Figs. as blue-green-red). These maps cannot be used to dérivé physi cal parameters, hovvever, in the morphological classification pro cess, they arc useful for deriving the global appearance of the galaxies.

Visual classification

A classification only based on BfT is difficult, principally becausc of the y2 problem illustrated in Fig. 1. Moreover, it would not include the information provided by the color maps. To account for ail the available information, we chose to visually classify ail the galaxies. However, to reduce the subjectivity of such a task, we constructed a decision tree presented in Fig. 2.

This decision tree was built to make the morphological classi fication simpler to understand. Ail the information provided by structural parameters, multi-band images, and color maps are included in the tree. At each step, a simple and unique criterion is considered. Following the arms of the tree step-by-step provides a reproductive and quantitative tool for performing the morpho logical classification.

Galaxies were separated into four morphological classes as follows:

1. Sp: the spiral disks, i.e., ail objects with regular structures (arms) and a highly symmetric disk. Moreover, these spiral disk galaxies must show a bulge redder than the disk;

2. Pec: the peculiar galaxies, i.e., objects with asymmetric features in the image or in the color map. As the peculiar class includes objects with different characteristics, we chose to divide this class into three subcategories: tadpole like (Pec/T), which are objects showing a knot at one end plus an extended tail; suspected mergers (Pec/M), which are pe culiar objects for which the irregularities could be associated with merger/interaction events; and irregulars (Pec/Irr) for objects similar to local irregulars;

3. C: the compact galaxies, i.e., ail objects barely resolved and too concentrated to be decomposed into a bulge and a disk.

We chose to classify as compact ail objects with a half-light radius lower than 3kpc (see Sect. They generally also présent very perturbcd color maps, or extreme colors.

To distribute our sample into the four classes, we followed the decision tree shown in Fig. 2. We first identified ail the com pact galaxies with the half-light radius information. Then, we investigatcd ail the objects with B/T < 0.4 to classify whether or not each galaxy is a disk. We made use of the color maps to classify the galaxies with a red bulge surrounded by a bluer symmetric disk. The remaining objects with B/T < 0.4, but not satisfying the spiral disks criterion, were distributed between the Pec/Tadpoles and Pec/Irregular categories. To illustrate this process, Fig. 3 shows a three-color image of nine galaxies with B/T < 0.4 selected in the CDFS. The three galaxies in the first column satisfy the spiral disk critcria. The three galaxies in the second column clearly show more irregular features than those of the galaxies presented in the first column. These kinds of ob jects do not pass the "Spiral features?" test in the third row of the decision tree, and are lhen classiried as Peculiar/Irregular galaxies. Similarly, objects like those in the third column do not pass the "Spiral features?" test, and as they show a knot plus an extendcd tail, they are assigned to the Peculiar/Tadpole galaxy class.

Following the same procedure, we also investigatcd the 0.4 < B/T < 0.8 range to look for regular SOs. We find no galax ies satisfying this criterion. Finally, ail the remaining objects for which B/T is unreliable or fil failed were distributed between the peculiar and mcrger class. At this step, we idcntificd the ma jor mergers as galaxies with well-scparated components with a strong color différence. Figure 4 shows, for each morphological class, a three-color image of a représentative galaxy and Table 4 (Col. 7) summarize the morphological classification assigned to each object.

Of course this method is not fully objective, and the distinc tion between two classes may be ambiguous for some objects.

The third object of the first column in Fig. 3 is an example of such a case, and it illustrâtes the limitations of our method.

Nevertheless, these ambiguous objects only represent a low per- sification was derived with a completely independent method, so it provides a unique test of whether the morphological clas sification is consistent with the kinematic State of the galaxies.

In Fig. 5 we report the comparison between the morphological classification derived with our method and the kinematic one.

We find good agreetnent between morphological and kine-maLical classifications: 80% of rotating disks are classified as spiral disks and more than 70% of complex kinematics are pecu liar or merging galaxies. Among the galaxies classified as spiral disks, only one has complex kinematics and two hâve perturbed rotation. The spiral, whose kinematics were classified as com plex (J033213.06-274204.8), is a galaxy for which the velocity field is not aligned with the optical axis. The two galaxies that

show perturbed kinematics include one galaxy (J033248. 28-275028.9) that shows an clongated cr peak possibly due to a large bar and one (J033226. 23-274222.8) that shows a sigma peak shifted from the dynamical center but located on a minor mergerevent (Puech et al. 2007b). In this last case, the morphology alone would be insufficient for detecting such situations.

Peculiar galaxies are mainly distributed between PR and CK.

Intercstingly, galaxies identilied as possible mergers or ladpoles are mainly CK (8/11 ), whereas Pec/Irregulars are mainly PR (9/13). Not suqirisingly, ail the galaxies identilied as major mergerare CK. Althoughthe sample is small, this may rnean that our morphological classification correlates well with kinemalical properties. Finally, compact galaxies are mostly CK (5/8) and only one is RD (see also Puech et al. 2006b). This last object is morphologically ambiguous as it possibly shows spiral arms, and has a very complex color distribution.

To test our morphological classification against the kinematical one, we made a x2 lest between the two independent cat egories of rotating disks and complex kinematics. The x2 test is used to déterminé the significance of différences between two independent groups. The hypolhesis is that the two groups (RD and CK) ditfer with respect to the relative frequency with which their galaxies fall into different morphological classes.

We find that the morphological classification of the two popu lations of RD and CK are inconsistent with a confidence level over 99.98%. We also made the saine test by considering the pe culiar class as a single class, and we found a confidence level of 99.99%. This suggests that our mcthodology is comparatively robust in classifying galaxies.

Comparison with automatic classification

We hâve shown in the previous section that it was possible to recover a good corrélation between morphology and kinemat ics following our classification seheme. More particularly, our method at least allows accurate séparation of rotation disks from complex kinematics. Nevertheless, our method is not fully auto matic and requires visual inspection of each galaxy. This human interaction unavoidably introduces subjectivity. In this section, we explore whether simple morphological parameters could efficiently distinguish RD from CK in a fully automatic way. As a first indication, we can use the B/T parameter derived by Galfit.

For instance, we can assume a classification whcrc ail the objects with B/T < 0.4 are considered as spirals. We find 28 galaxies satisfying such a criteria. However, beyond this number, only 14

are RD and 7 are CK. We then conclude that a classification only based on B/T is not efficient at clearly distinguishing the RD from CK and would unavoidably Iead to overestimating the num ber of rotating spirals. As illustrated in Fig. 3, a visual check of each object is necessary to clearly disentangle regular objects from more perturbed ones and to isolate only spiral disks. In fact, it appears that a full automatization of the decision tree would not be easy to produce.

We also explore the "non-parametric" methods to find whether a corrélation between these parameters and the kinematical State of a galaxy could be derived. To do so, we computc four parameters which are often used in morpho logical analyses: Concentration, Asymmetry, Gini and M20.

The Concentration (C) parameter (Abraham et al. 1994) roughly correlates with the bulge over disk ratio (B/D) and the Asymmetry (A) parameter (Abraham et al. 1996) Different symbols refer to the morphological classes: spiral disks are represented as blue circles, peculiars as green squares, compact galax ies as black diamonds, and mergers as red triangles. (Lotz et al. 2004), which is the relative second-order moment of the brightest 20% of a galaxy's pixels.

For C and A. pixels assigned to each galaxy arc defincd at 1.5cr above background. C and A are measured following Abraham et al. (1996) method. Given the narrow redshift range in the sample, we do not attempt to correct the concentration as described in Brinchmann et al. (1998) (Appendix A). Gini and M20 are measured following Lotz et al. (2004).

In Fig. 6 we show how' the sample is distributed in a log(A)log(C) plane (top) and in a Gini-M20 plane (bottom). We find that the ségrégation between different morphological classes is partially consistent with our classification. For instance, there is a clear offset between the compact galaxies (black diamonds)

and the spiral disks (blue circles), whereas the distinction be tween peculiar (green squares) and spiral disks is less obvious.

AU the spiral disks indeed lie in spécifie régions in both diagrams. However, several objects that hâve been identilied by our method as peculiar (or even merger (red triangles)) galaxies are mixed with the spiral disks. These last peculiar galaxies indeed show symmetric features or smooth light distribution, which explain why they lie near spiral disks. However, as illustrated in RD refers to rotating disks, PR to perturbed rotations and CK to cornplex kinematics. The line for the CA and Gini/M20 exactly overlap for the RD types.

rough morphological types. With these limits, we ftnd that the agreement for disks is good, since most of the objects designed as spiral disks are lying in the spiral (respectively Sb/bc) domain of both diagratns. The agreement is also good for the compact galaxies, as they almost ail lie in or near the early type domain, which is consistent with the findings of Abraham et al. (1996).

Note, however, that these objects could not be directly classified as early type objects because they show a relatively complex and/or bitte color distribution (see Sect. 6.3 and Fig. 12).

For peculiar objects, the assignmcnts are not very accurate, and around half of these objects they do not lie in the peculiar ré gion: Pcc/Irr/Mcrg for C-A and Sd/d/Irr and Merger for Gini-M20. These results are consistent with those of Cassata et al.

( 2005), who tind that these methods (even if efficient in disentangling early-type from laie-type) generally failed to résolve the different classes contributing to late-type galaxies (see also Conselice et al. 2003;Yagi et al. 2006;van der Wel 2008).

To test the impact of this limitation on the morphokinematical corrélation, we assume a morphological classifica tion based only on the boundaries defined in Abraham et al.

( 1996) and Lot/, et al. (2008). Ail the objects lying in the spiral région for the log(A) -log(C) plane (respectively Sb/bc for the Gini-M20 plane) are assumed to be spirals, and ail objects lying in the Pec/Irr/Merg (respectively Sd/d/Irr and Merger for Gini-M20) are assumed to be peculiar. The compact galaxies are included independently as they are identified vvhen using the halflight radius. Ail the remaining galaxies lying in the E/S0 domain are not included, because the working sample does not contain early type galaxies. In Fig. 7 we report the comparison betw'een these classifications and the kinematical one.

In Fig. 7, it appears that the morpho-kinematical corrélation is less obvious with the automatic methods. The same y2 test as in Sect. 4 gives 50% and 90% confidence for the log(A) -log(C)

and Gini-M20 planes, respectively. For comparison, our classifi cation considering the peculiars and mergers as a single peculiar class gives 99.9%. Whereas these methods almost recover the number of rotating spirals correctly, they mix the spiral disks with some peculiar galaxies: several galaxies lying in the spiral région hâve complex kinematics. This resuit indeed confions the finding of Conselice et al. (2003), Conselice et al. (2005), and more recently Atkinson et al. (2007), and Kassin et al. (2007).

For example, Conselice et al. (2003) find that the asymmetry in dex is not sensitive to ail phases of the merging process, particularly those in the beginning or at the end of the mergers. They ar gue that the total number of mergers would be underestimated by a factor of two, which is similar to what wc find with our analy sis. Kassin et al. (2007) report that some galaxies that were fairly normal according to Gini/M20 looked more disturbed or com pact by visual inspection. These objects generally présent larger scatter in the Tuliy-Fisher relation (TFR) than visually identified disks. Combined with the resuit of Flores et al. (2006) showing that perturbed and complex kinematics are driving the scatter of the TFR, this also suggests that automatic methods mix the spi ral disks with complex kinematics. Similar to BfT, a method only based on a few morphological parameters will unavoidably overestimate the number of rotating spirals, and it fails to uniquely identify ail the CKs.

Rotating spiral disks

Our classification scheme is efficient in isolating different morpho-kinematical classes. We therefore use this method to focus on a particular subsample defined by the rotating spiral disks. This subsample includes ail the galaxies sharing the spiral disk morphology and a relatively relaxed dynamical State (ro tating disks and perturbed rotations). In doing so we hâve assumed that a disk, even with a slight kinematic peculiar struc ture (i.e. PR), may be considered as a disk. This includes two galaxies, J033226.23-274222.8 (a minor merger, see Puech et al. 2007) and J033248.28-275028.9. Over the 52 galaxies of our sample, we find 14 objects sharing the spiral disk morphology and a rotating velocity lield. These galaxies are the 14 first ob jects of Table 4 (see also Table 3 and Fig. 12), they are particularly interesting because they can be directly comparcd w'ilh the local rotating spirals.

Sizes and BfT

In tenus of size and BfT distributions, these galaxies are con sistent with the local late type spirals. The disk scale lengths derived from Galfit range from 2.5 kpc to 6.5 kpc with a rnean value of 4.1 kpc. For comparison, the disk scale length of the Milky

Way is estimated to be between 2 kpc and 3 kpc, whereas the disk scale length of M 31 ranges between 5 kpc and 6 kpc (see Sect. 2.1 in Hammer et al. 2007 and référencés therein). This in dicées that the rotating spiral disks are roughly in the same size range compared to the local spirals. In terms of BfT, ail these ro tating spirals are distributed between 0.01 and 0.17 This leads to a fraction of 17% of evolved spirals with ETF([OII|) < 15 A. Accounling for these corrections, we find that 33% (=27 x 0.6 + 17)% of intermediate-mass galaxies are rotating spiral disks at z ~0.6. In Table 2 we report the distribution of ail the morpho-kinematical classes. RspD is for rotating spiral disks, C for compact galaxies and M for mergers. The morphological distribution for galaxies with £W([OII]) < 15 Â is from (?).

Colors

Based on the color information provided by the color maps, we now investigate the distribution of the stellar populations within each galaxy. To do so, we compare the observed colors of our objects with modeled color-redshift évolution curves as predicted by Bruzual-Charlot stellar population synthesis code GALAXEV (Bruzual & Chariot 2003). We can compute 3 models of galaxies providing AE435 -zsso (for galaxies located in the In Fig. 8, almost ail our objects lie between the starburst and the Sbc évolution model. No spécifie trends between differ ent morphological classes or between different redshifts can be identified. This suggests thaï our objects are mainly composed of a tnix of stellar populations including old, intermediate, and young populations. This is indeed confirmed by spectroscopic studies (see e.g. Hammer et al. 2005). This mix clearly appears on the color maps where the resolved colors allow us to inves tigate the distribution of stellar populations within each object (see Fig. 12). As described above, the spiral disks share an old and red central population with a younger and blue population located in the disk. In the following, we try to characterize these populations quantitatively.

Central color

To dérivé the central color of the rotating spiral disks, we follow the procedure defined in Ellis et al. (2001). We construct a large elliptical aperture using second-order moments, and then a circular aperture with a radius of 5% of the semi-major axis of the large aperture is used to integrate the inner colors. Ellis et al. (2001 ) demonstrate that, following this method, the con tamination from disk is negligiblc, and then, that these inner colors can bc associated with the color of the bulges. We show these "bulge"-integrated colors as well as the modeled évolution curves in Fig. 9 (see red filled dots). As an estimation of the uniformity of the color inside each bulge, we overplot the maximal pixel-by-pixel range of colors.

The modeled évolution curves are mainly used to com pare the bulge integrated colors with the passively evolving System formed in a single burst at z = 5 (elliptical model).

Indeed, bulges as red as the elliptical model indicate that their populations hâve comparatively similar âges and metallicities (Peleticrct al. 1999), and then that these bulges were formed at high redshift, whereas bluer bulges probably host a younger pop ulation. Moreover, dust extinction may significantly redden the color, and the galaxy sample certainly suffers from reddening etfects because the mean inclination is particularly high (~60°).

This would make the bulges intrinsically bluer than observed.

Nevertheless, even with the etfect of dust extinction, we find that only 3 bulges are as red as the elliptical model, whereas most of them lie near the Sbc model évolution curve. This clearly suggests that these bulges host a significant population of young/intermediate âge stars.

Color of disks

The disks of these distant rotating spirals show very blue outskirts with the color consistent with young star-forming ré gions (see Fig. 12). Accounting for the uncertainties, we idenlify as a pure starburst région ail those pixels where the observed B -z color (observed V -/) is lower than 1 mag (0.4 mag) for CDFS (respectively HDFS and CFRS) galaxies (see Fig. 8). By doing this, we are able to (i) compute the fraction of light Corn ing from pure starburst régions, and (ii) find where this starburst activity is located in the disk.

To dérivé the relative strength of the starburst activity, we tirst computed the ratio between the UV (observed B or V band) flux coming from the pure starburst régions over the total UV flux. The total UV flux were defined to include ail the pix els that are 4ir above the background, following the method de scribed in Zhcng et al. (2004). Wc find that between 5% and 40%; background. This allows us to define a normalized radius and compare together galaxies with different sizes. Notice that this maximal radius roughly corresponds to the optical radius, as we ftnd it to be ~3.2 times the disk scale length (Persic et al. 1991).

In each aperture, we intégrale the UV flux coming from the pure starburst régions and normalize this value by the UV (lux com ing from ctll star-bursting régions (see above). These resulls are showm in Fig. 10 (bottom) for each galaxy (dotted lines), as vvell as the mean trend (solid line). This plot also clearly indicates that the starburst activity is increasing towards the disk outskirts.

Assuming the maximal radius to be 3.2 times the disk radius, we find that more than 95% (respectively 45%) of the starburst activity is located at a greater radial distance than Rd (respec tively 2Rd). Mhldle: color profiles for the CDFS galaxies. Bottom: répartition of the starburst light for a growing elliptical aperture. For each aperture, it represents the integratcd UV light coming from pure starburst régions normalized by the UV flux coming from ail star-bursting régions.

Stellar mass and SFR

Table 3 shows the stellar mass and SFR for the rotating spi ral disks sarnple. The stellar masses hâve been derived by Ravikumar et al. (2007) for galaxies located in the CDFS and by Flores et al. (2006) for the galaxies in the CFRS and HDFS.

For the SFR. we report the SF/?uv and SFRir from Hammer et al. (2005) for the CFRS galaxies. SFRuv are derived from H" luminosities and SFRiR from ISOCAM observations. For the CDFS galaxies, we derived the SFRw using the Kennicutt for CFRS and CDFS galaxies are derived with different methods, they give consistent results. Moreover. the majority of the galaxies corne from the CDFS that hâve the best quality data. For the galaxies that hâve not been detected by Spitzer or ISOCAM, only an upper limit of the SFR\R can be derived from the détec tion limits.

Finally, in the last column of Table 3 we report the ratio of the stellar mass to the SFRlot, where SFRUil = SFRir + SFR\j\ (and only a lower limit for galaxies not detected in IR). This ratio provides a time-scale that can be roughly associated with a massdoubling time (if SFR is constant).

In the previous section, we hâve shown that starburst ré gions aie mostly located in the disk outskirts, suggesting very active and recent star formation in the outer parts of the disks.

In a crude analysis, we can compare the M^tcu/SFR ratio bctween these outer régions and the inner parts of the disks. We restrict this analysis for CDFS galaxies that hâve been detected by Spitzer, because they reprcsent the most robust available data.

Our purpose is not to quantify these values precisely, but rather to dérivé general trends. We first assume that the spatial dis tribution of the SFR2800 A follows the observed B-band flux Fig. 11. Ratio between stellar mass and SFRlol as a function of galaxy radius. SFRtol is defined as the sum of SFRV\ and SFRiR. Only galaxies which hâve been detected by Spitzer are used in this analysis. The ver tical line is at 1/3.2 of Rmax which roughly corresponds to the disk scale length limit.

distribution: for z ~0.6 galaxies, the observed B-band indeed roughly corresponds to the 2800 À flux. To do so, some cruder assumptions are required, such as (i) the SFR\R follows the same distribution as the SFR2SQ0 Â, and (ii) the stellar mass is samplcd by the observed ,~-band flux. These last two assumptions are probably very approximate, since we hâve no idea how the dust is distributed within the galaxies. However, these assumptions are needed to distribute the SFR and the stellar mass at differ ent radii and to evaluate the distribution of the MsXC\\/SFR time scale. We computcd this time-scale in different annuli, from the center to the maximal radius. Results are shown in Fig. 11. Ail the galaxies show a négative gradient from large time scale near the center (between 4 and 8 Gyr) to shorter scales near the disk outskirts (between 1 and 2 Gyr). In the régions even farther out, the stellar populations are dominated by young starbursts (sce Fig. 10). For these short-lived young stellar populations (typically <100 Myr), a significant correction of the mass estimation should be applied (see Bell et al. 2003). Rather than try to cor rect for this effect, we arbitrarily decrease the Mstc\\/SFR time scale toward 0.1 Gyr at the larger radius.

Undcr ail the assumptions made above, these observations clearly suggest an inside-out formation process in which the disk is gradually built from the outskirts. It is tempting to define morpho-kinematical classes from the relatively good coincidence between our morphological classifica tion and the kinematic classes (see Fig. 5). Most galaxies can be distributed between three main distinct classes: (i) the rotating spiral disks for which both kinematics and morphology are relaxed; (ii) the galaxies with irregular morphology and perturbed kinematics; and (iii) the fully unrelaxed objects for which both morphology and kinematics are complex.

It is useful to compare this distribution with what we know from the local universe. There, the overwhelming majority of objects are dominated by rotation or dispersion (e.g. GASPH: Garrido et al. 2002-SAURON: Emsellem et al. 2004), whereas galaxies with anomalous kinematics are generally ones in close pairs or interactions (e.g. Kannappan & Barton 2004).

Disk galaxies constitute the majority of local objects with ~70% of the intermediate-mass galaxies (Nakamura et al. 2004;Hammer et al. 2007) and we can reasonably assume that these disks are almost ail dynamically relaxed as they lie on the tight Tully-Fisher relationship. Indeed, Kannappan et al. (2004) local galaxies concems this fraction of rotaling spirals. Indeed, we found that at z ~0.6, -1/3 of galaxies are regular rotating disks (see Sect. 6.2, and Table 2), which implies that the number of rotating spiral disks has increased by a factor ~2 during the lasl 6 Gyr.

However, one could argue that our classification scheme (either morphological and kinemalical) is too restrictive and that perturbed rotating Pec/Irr galaxies should be included in the rotating spiral disk sample. Even if we include this category among the rotating spiral disks, this would lead to a fraction of ~3/7 of "regular galaxies" that is still less than the local fraction. Moreover, Paper I convincingly showed that the kinematic classification is robust and that discrepancies seen in velocity fields or sigma maps correspond to the mor phological perturbation seen in the optical images. Given the good corrélation between kincmatics and morphology, it is unlikely that some rotating spiral disks may hâve been missed.

Only two galaxies thaï are morphologicallv classified as spiral disks are PR (J033226. 23-274222.8 and J033248.28-275028.9) and one is CK (J033213.06-274204.8 -see also Sect. 4).

These pai ticular cases point oui that morphology alone is insulficient for detecting a slight kinematic peculiar structure, such as is caused by minor mergers (e.g. Puech et al. 2007b, for J033226.23-274222.8). On the other hand, over the 15 RD galaxies, three are nol morphologically classified as spiral disks (J033234.04-275009.7 ("Peculiar -Irregular" object in Fig. 4), J033241.88-274853.9 (first object in the third column of Fig. 3), J033245.11-274724.0 a compact galaxy).

These exceptions show that some perturbed morphology can nonetheless hâve relaxed dynamics and may require further analysis (e.g. Puech et al. 2008b, for a detailed anal ysis of J033241.88-274853.9). In each instance, to verify whether ^-correction may hâve inlluenced our classification, we re-examined thc morphology on the sole basis of the F850LP/FBI4W fi lier. Doing so, we find that ail the morpho logical disturbed features that prompt us to classify an object as peculiar (and which are generally blue) are always présent in these "red" filters. This suggests that ^-correction does not strongly alfect our conclusions.

Finally, the main limitation of this study is the still small number of objects, leading to possible non negligible statistical indicates that, even if the number of objects is small, our resuit, a small number of rotating spiral disks at z = 0.6, is robust.

Comparison with previous works

The évolution in the number fraction of regular spirals is surprising and in contradicts former studies (e.g. Lilly et al. 1998;Ravindranath et al. 2004;Sargent et al. 2007) that found that most of the spirals were in place at z = 1. The différences observed with these former studies certainly corne from the differ ent methodology used to identify disk galaxies. rom it. This last step is performed to "symmetrize" the galaxies, but it would not modify the global underlying light distribution.

They then classified as disk-dominated objects ail those galax ies with B/T< 0.5. Even if their method is slightly different from our dérivation of B/T, we hâve seen in Sect. 5 and in Fig. 6 that a method only based on this structural parameter is not able to clearly distinguish RD from CK so it unavoidably overestimates the number of spirals.

In their analysis, Ravindranath et al. ( 2004) use a single

Sersic component to model the brightness profile of the galaxies.

They then classify as disk-dominated ail objects with n < 2. In a crude approach, we reproduced their procedure for the galax ies located in the CDFS, following the method described in Sect. In this section we consider the subsample of rotating spiral disks with émission fines, e.g. 16% of the whole sample of 3T,teii > 1.5 x 1010 A/0, galaxies at ï = 0.4-0.8. Because it is probable that these galaxies are evolving into present-day spi rals, they vary likely represent one fourth of today's spiral progenitors (see Sect. However, those disks are certainly not passively evolving Systems because they are actively fornting stars (Table 3), and their bulges are bluer by ~1 mag than elliptical stellar popula tion models (Fig. 9). The latter resuit is not new, since its discovery by Ellis et al. (2001), who concluded thaï secondary star formation superimposed on preexisting old populations (rejuvenation) hâve occurred in the inner régions of spirals galaxies (Thomas et al. 2006). Alternatively, Hammer et al. (2005) suggest that bulges at z ~0.6 may hâve been formed by mergers, few Gyr prior to the redshift epoeh.

Let us assume that the subsample of rotating spiral disks is made of galaxies that are likely unaffected by galaxy interac tions, at least since z = 1. It is quite likely that they hâve not undergone a major merger recently, and the probabil ity that a galaxy at z = 0.6 expériences another merger event is quite lovv.

Table 3 shows that most of them (if not ail) présent a doubling time ranging from 0.2 to 4 Gyr. In the absence of interactions, it may be reasonable to assume an exponential decay of their SFRs, or a constant SFR as a lower limit of their past SFR. Because ail of them but one are disk-dominated, il means that most of the stars in their disks hâve been formed rapidly, e.g. in a few Gyr or less. Thus it implies quite a rapid building of the stellar disk and, also assuming a pre-existing old population in the bulge, a significant decrease in their B/T values.

What could be the subséquent évolution of the rotating spi ral disks at z = 0.4-0.8? Section 6.4 provides evidence that re cent starbursts are occurring in their outskirts. We also see de- 

Testing various scénarios of spiral formation

As these galaxies are dynamically relaxed, we expect the SFR to be self-regulated by the disk (e.g. Silk 2003) and star for mation to decay monotonically as the gas supply is exhausted.

In conlrast wnth theoretical prédictions, we hnd that one quarter of the local spiral progenitors are sustaining a high SFR, which necessarily implies massive gas accretion or, alternatively, pre existing large amounts of gas in an already relaxed gaseous disk.

What is the origin of this gas and which scénario of spiral for mation is able to reproduce our observations?

Despite the still small number of observations, these distant disks seem to hâve systematically lower V/cr values than their local counterparts (Puech et al. 2007a). They seem to be heated, which could possibly be associated with turbulence induced by processes related to star formation, and unlikely to minor mergers given that our observations are quite good at identifying minor mergers (Puech et al. 2007b). At the same time that rotating disk spirals are transforming their gas to stars to reach the local relationships (TFR and M-Z), they hâve to evolve to wards thin disks, e.g. higher values of V/cr.

We may infer that the necessary gas that feeds the star for mation has a spécifie orientation to stabilize their disks dur ing the past 6 Gyr. Processes based on isotropie gas accretion (Dekel & Birnboim 2006) may hâve difficulty reproducing such an évolution, while gas accretion from clumps or filaments (e.g. KereS et al. 2005) requires some preferential alignaient to stabi lize the disk. Thus it may be necessary for the gas to already pre-exist in a gaseous thin disk, and w7e may be simply seeing the gas transformation into stars in such Systems.

An alternative is that this gas réservoir is provided by re-accretion following a past major merger (Barnes 2002;Hammer et al. 2005;Govemato et al. 2007). This post-merger gas accretion w'ill constantly deposit gas at the ouler edge of a spheroidal remuant, which will naturally give rise to the insideout formation of a new disk surrounding the newly formed bulge. Extrapolating Barnes (2002) simulations at higher red shift, where the gas fraction is expected to be higher, may re suit in remuants with even larger and more massive gas disks.

Following this scénario, the morphological expectations are a relatively undisturbed disk (since it is assembled progressively by smooth re-accretion), with a clear inside-out signature with the youngest stars located at the outer régions of the disk, which closely matches what is observed in the rotating spiral disks (see above). From the viewpoint of the kinematics, we expect a relatively high velocity dispersion of the gas caused by shockheating between the infalling gas material with the already accreted gaseous disk, and a progressive smooth increase in the angular momentum of the disk with time. Strikingly, these kinematical properties hâve already been observed in these galaxies by Puech et al. (2007). Besides this, the bulge colors shown in Fig. 9 are also easy to reproduce if these bulges hâve been as sembled a few Gyr prior to the epoeh at which w'e are observing them.

Since the disk growth time scales range from less than 1 Gyr to 4 Gyr, this suggests that these rotating spiral disks would hâve undergone their last major merger at z = 1 or slightly later. At these redshifts, the gas fraction in galaxies is expected to be much higher (Liang et al. 2006;Law et al. 2007), which is more than two times higher at z = 0.65 than today. This gives even more crédit to the post-merger gas accretion scénario, be cause the gas réservoir available for the disk rebuilding phase would be fairly large. From z = 1 to z = 0, the merger rate in this mass range is expected to be between 50 to 75% (see in troduction in Hammer et al. 2007). Then, between 25 and 50% of local intermediate-mass galaxies would hâve escapcd such an event since z = l, which is, given the large uncertainties associated, in relatively good agreement with the estimation of the fraction of intermediate-mass rotating spiral disks, i.e., 33%. Given the much higher merger rate expected at z > 1 (Conselice et al. 2003;Lotz et al. 2006), our results are reasonably consistent with these spiral disks possibly undergoing a ma jor merger before z = 1.

Conclusion

We hâve presented a morphological analysis of a représenta tive sample of intermediate-mass galaxies at z ~0.6. To dérivé our morphological classification, both structural parameters and color maps were used, combined with a visual inspection of each object. The method used in the présent study is slightly different from previous studies, as we made used of the color information to distinguish only those spiral disks with properties comparable to local spirals (bulge redder than disk).

This method was lested against an independent kinematical classification, and we find good agrecmenl bclween the morphological and the dynamical States of the galaxies (see Fig. 5).

There is a definite offset in morphology between RD and CK.

The major overlap between the different kinematical classes are for irregular galaxies known to span a wide range of kinematical properties.

We also computed the concentration, asymmetry, GINI and M 20 parameters and find lhey are nol able to recover the same corrélation. It appears that, when applied automatically, these methods will miss around hall' of the complex kinematics and unavoidably overestimale the fraction of spirals. These results

show that, when derived properly, the morphological informa tion can be représentative of the underlying kinematical proper ties, even at z ~0.6. This corrélation represents an interesting new tool for understanding the mechanisms in the formation and évolution of galaxies.

Our classification schemc allows us to isolate a particular morpho-kinematical class: the rotating spiral disks. This class includes objects sharing the spiral disk morphology and rotating disks properties. We find that the number of these rotating spiral disks is much lower (by a factor of ~2) at s ~0.6 than today.

The radial distribution of color along their disks and their high SFR suggest that their stellar disks hâve been formed relatively recently before z ~0.6 through inside-oul processes. These tindings are consistent with scénarios for which the large gas supply stabilizes the disk, e.g. leading ultimately to present-day thin disks by increasing V/cr values with time. It opens up two possibilities, either that z = 0.6 rotating spiral disks aie forming their stars from a pre-exisling gas réservoir already distributed in a thin disk or, alternatively, a post-merger accretion scénario where a disk is rebuilt thanks to gas accretion left over from the merging event (Barnes 2002;Hammer et al. 2005). Since the previous studies reveal the agitated history of galaxies over the past G Gvr, one could expect a Chemical abundance évolution of galaxies since that epoch.

Tins is the principal goal of our IMAGES IV paper, where we find that galaxies at z^ü.G are, on average, two times less metal-rich than local galaxies at a given stellar mass, confirming the earlier results of Liang et al. (2006). Combining our results with other studies, we also find that the métal abundance of the gaseous phase of galaxies is evolving linearly with time since z~3 until now. Such resuit implies that ~30% of the stellar mass of local galaxies hâve been formed through a gas supplv. It could be interesting to compare tins resuit to the évolution of the barvonic TFR (see section 7.1). (2004) performed a reliable estimation of oxygen abundance and stellar mass for 53 000 star-forming galaxies front the SDSS.

Rodney DELGADO-SERRANO

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 cstimated for ail these samples front strong line cal at a spectral resolution of 6.8 Â and covering a maximum wavelength range from 5120 Â to 10700 Â. The slit masks were prepared 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 7Ab < 23.5 mag. The min imum exposure time of each object in each grism is around 3 h.

0 < z < 1 (
Spectra were extracted and wavelength calibrated using the IR AF1 package. The spectra were flux calibrated using photometric standard stars. We compared the spectrophotometry to HST/ACS photometry in V, 7, Z bands and V, 7, R in the EIS catalogue and found a good agreement.

Samples

From the 241 target objects with /Ab < 23.5 mag from the FORS2-ÏMAGES sample, we hâve idenlified 231 targets. For 10 targets we hâve not been able to perform an identification because of instrumental problems (target falling outsidc 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 I shows the number and type of objects in the different redshift quality hâve been used to check the spectrophotometry and to calculate the aperture correction. The IR luminosity of galaxies has been estimatcd from the mid-IR catalogue of Le Floc'h et al. (2005) and using the procedure of Chary & Elbaz (2001).

Observations in X-rays from the Chandra X-Ray Observatory 

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 saine 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 following section describes the methodology of data analy sis for the sample A. The description for the sample B is given in Liang et al. (2004a) and Liang et al. (2006). The methodology used for sample A is very similar to the one used for sample B, thus the two sample are homogencous. 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/ï line. Asari et al. (2007); Cid Fernandes et al. (2005) 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/J w'hen 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 betler control the parameters of the fit.

After subtracting the stellar componcnt, we measured the flux of émission lines using the SPLOT package. When the

[Ont] 44959 émission line was not detected, the flux was assumed to be 0.33 times the [O lit]/15007 (the ratio of the transi tion probability).

A reliable estimate of the extinction

We hâve measured extinction by two methods in saniple A:

the Balmer décrément and 1R/H/3 energy balance (Liang et al. 2004a). Comparing the two values, we can chcck the reliability of our methodology and avoid systematic effccts on abondances due to a bias in lhe extinction évaluation.

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/f ratio. Assuming a case B recom bination with a density of 100 cm"3 and an electronic tempér ature of 10000 K. the predicted ratio is 0.466 for /(Hy)//(H/3) [START_REF] Osterbrock | Astrophysics of gaseous nebulae and active galactic nuclei, Research supported by the llniversity of California[END_REF]). Using the following relation:

/ Bccause of large uneertainties relatcd 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\\r is in good agreement with SF/?,r ( Flores et al. 2004). The 

The médian extinction in the sample for IR/H/3 estimation is Ay -1.71. In the case of objects w'ithout IR détection, we used the détection limit of O.OSmJy of the MIPS catalogue to find an upper limit for L\R and so an upper extinction limit Ay(IR,jm).

In Fig. 4 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 slatistically equal. Hereafter, we assume Ay as the mean value between Ay(lR) and Ay(Balmer)

for the objects with IR détection and the mean between Ay(IR,im)

and Ay(Balmer) for galaxies with an IR upper limit. For ob jects without Hy détection we hâve used Ay(IR) or Ay(IRnm) when L,r 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(lR) tends to give higher extinction values be- dctected. Broad Balmer lines suggest that these galaxies are Seyfert 1 galaxies.

Then, the diagnostic diagram log([Oil]/Î3727/H^) vs.

Iog([OniJ ,U4959, 5007/H^) was used to distinguish the H II 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 refleets the current metallicity of the gas from Unfortunately, in metal-rich environments the [Oni]34363 line is too weak to be detected. Furthermore, even at low metallicities this auroral line is hardly détectable in low S/N spectra from high-z galaxies.

To For the 5 lowest redshift galaxies (type E3 in 12 + log(0/H) = -0.60 x log /?3 -3.24.

We hâve not found any évidence of a systematic bias between the R23 and the 7?? calibrations. Métal abundance and the associated error are shown in Table 8.

Error budget

The uneertainties in the data were assumed to be Poisson We compared 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 expected by observed rest frame B -V color (Bell et al. 2003) and converted to a Salpeter (1955) IMF. The convertion between Kroupa (2001) and Salpeter (I955) 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 times would imply that almost ail the light in distant galaxies is associated with a very young stellar population. However, the speclra 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 intrinsie 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. R23 calibration. Indeed, the metallicity varies rapidly with R23 in the metallicity range near the turn over of the function, at low metallicities. Nevcrtheless, the dispersion of the data in the M-Z relation is much larger that the error on metallicity. The dispersion is then intrinsie 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 Msteiiar < 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 probably 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 etfects of morphology on the locus of galaxies in the M-Z relation. We selected spiral galaxies in sam 3. We find We then searched for an évolution of the oxygen abun dance at higher redshifts. It is important that the comparison between 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. Rupke et al. (2008). We describe below the high-z samples from the literature that hâve been used for this comparison.

- et al. (2006). We only selected the 5 objects above our stel lar mass completeness limit and used the R23 measurcnient to estimate the métal abundance using the Tremonti et al. 2008) is plotted in green squares.

Metallicity calibrators

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

However, Kewley & Ellison (2008) 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. Liu et al. ( 2008) 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 0.22dex lowcr than in the présent Universe. This is comparable to our results.

The comparison between the metallicity at z ~0. 

Stellar mass

A bias in the estimation of stellar mass at high redshift must be considered. In this work, stellar masses hâve bcen estimated from the A/Stci]ar/L^ratio using the method of Bell et al. (2003).

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

Al 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 ~(). 14dex (Maraston et al. 2006;Pozzetti et al. 2007). 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. Wc 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 metallieity calibrations.

Firstly, methodology has allowed us to reduce the bias duc to ex tinction. Secondly, we used a similar methodology and the same metallieity 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. However, 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 metallieity calibrations and a possible évo lution of the HII properties at high-z, see Table 5. We hâve tried to minimize the bias from metallieity estimâtes selecting for the high-z sample, the mctallicity calibration that better follows the one used in this work. However, even using the 

where p = M"as/(A/gas + Mslc||ar) is the 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/jiln p. (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 (Edmunds 1990). We can definitively rule out a closed box mode! as a viable descrip tion of the métal content in galaxies from z = 0.6 to z = 0.

The closed box model has been laken as a first approach to explain the métal évolution of galaxies, e.g. [START_REF] Savaglio | [END_REF]. However, we notice that the closed box model is not consistent with the two major scénarios of galaxy évolution. lution of galaxies is driven by mergers and interactions, thus by gas exchange. 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 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 Buat et al. (2008). 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 -0.4 dex 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 al 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 lypical 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 al odds with the above modelling. If we constrain Sample A to the redshift range We estimate the doubling time, defined by = Msteiiar/SF/?[R, 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 SFR2m ^. To dé terminé the unobscured SFR-,^we used the UV calibration of Kennicutt (1998) and the rest-frame 2800 Â luminosity from SED fitting.

We contirm that massive galaxies convert less gas into stars than lower mass galaxies at 0.5 < z < 1: e.g. the fD for a massive galaxy log A/Stcuar = 11 is above 3 Gyr whereas a less massive galaxy logMstcnar = 10.3 doubles its stellar content in less than 1 Gyr. This etfecl 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 & Taniguchi (2006) and Neistein et al. (2006) 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 tind 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. their absolute magnitude and assuining an M/LK = 1.

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: doniinated by mergers and spirals Severals studies in the local Universe hâve pointed oui the link bctween LIRGs and merging of gas-rich spirals (Veilleux et al. 2002;[START_REF] Sanders | The Neutral ISM in Starburst Galaxies[END_REF]Wang et al. 2006). At higher redshifts a significant fraction of the distant galaxies hâve morphologies that include spiral to peculiar (Zheng et al. 2005;Neichel et al. 2008). Distant LIRGs are also associated with mergers at different stages or with large disks (Zheng et al. 2005;Flores et al. 1999).

Fundamcntal propeities 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 sharc 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 (Edmunds 1990;Koppen & Edmunds 1999;Dalcanton 2007). For local LIRGs, Rupke et al. (2008) hâve proposed that the encounter between two gas-rich galaxies causes lower métal abundance gas from The extemal 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 [START_REF] Navarro | Penetrating Bars Through Masks of Costnic Dust[END_REF] 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 qual- 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 lincar 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 We hâve shown the need for a signiticant contribution of extemal gas supply in the métal content évolution of galaxies.

From 6Gyr 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 extemal gas supply. The addition of gas in galaxies explains the métal deficiency of star-forming galaxies at z ~0.6 at ail mass scaîes. 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 linkcd to the gas infall provided by galaxy merging and interactions. Progenitors of spiral galaxies hâve their disks rebuilt through an infall of the gas which has been previously expclled in the firsl stage of a gas-rich merger. Local LIRGs are in this case latecomers of the starbursl/LIRG population prédominant at j ~0. We thank Ana Mourào for improving the English of the text.

Beyond the IMAGES survey

The IMAGES survey lias then allowed us to develop new techniques and méthod ologies in order to preserve a well corrélation between kinematics and morphology of distant galaxies, as well as unravel the évolution of some of tlieir phvsical properties.

At Tins chapter represents the lieart of rriv work during my thesis.

Here. I présent a complété description of the morphological analysis and methodology we hâve developed during the past three years, as well as our results concerning the morphological évolution of galaxies since the past C Gyr. Further results of my work are also described. Tlien, I finish by a discussion about the different morphological classification methods, and I argue why our method is more reliable than the standard ones to retrieve the morphological properties of galaxies (see also chapters 3 and 4.).

As mentioned in chapter 2, the Hubble sequence was created in 1936, and lias been used during the last century by different authors to classify the Schmidt plates and the first CCD images of local galaxies. In the 1990s, with the arrivai of the HST, astronomers began to obtain good resolution images of distant galaxies.

Onlv liigh resolution images allovv us to quantify the structural parameters such as, e.g., B/T (Lilly et al., 1998, see subsection 6.2.2)1, because only a liigh spatial resolution allow us to deblend the information Corning from different régions of the galaxy, in particular the bulge and the disk. In the case of WFPC images, il was considered that only in galaxies with an R1/2 (see below) larger than 3 kpc (known as the compactness limit; Melbourne et al., 2005), it could be possible to differentiate such structures. It, is interesting to note that one of the best ground images at, that tirne were those from the CFRS, having a 0.8" FWHM with a pixel size of 0.207" (Hammer et al., 2001). Such FWHM (and pixel size) represents 5.5

kpc (and 1.43 kpc) at z=Ü.G5, implying that the classification (compactness) limit of 3 kpc would be strictly and largely smaller than the smallest spatial résolution element imposed by the PSF (limit ~FWHM/2), and tlius the structural deblending would not take into account the scatter induced by the ineasurement process. Here, the importance of HST images. Astronomers then started to classify samples of such galaxies using the traditional methods. Nevertheless, authors also started to create new méthodologies to recover the structural parameters of distant and local galaxies, and study their évolution (Brinchmann et ai, 1998;Frei et al., 1996, and reference therein). In this context, during the past decade, the structural parameters are usually recovered using "deconvolution" 2 softwares, such as GIM2D and Galfit [START_REF] Simard | The DEEP Groth Strip Survey. II. Hubble Space Telescope Structural Parameters of Galaxies in the Groth Strip[END_REF]Peng et ai, 2010, respect!vely).

Our methodology to classify galaxies according to their morphology began to be developped in 2004 by Zheng et al. (2004), introducing, for the first time, the color information (color maps) to classify galaxies (see subsection 6.2.3). It, was later improved by Neichel et al. (2008), where we introduce a decision tree to schématisé our morphological classification process. Finallv, I hâve extended this methodology in order to account for ail the morphological types amongst the Hubble sequence, to include the analysis of bulge and disk center positions during the détermination of the morphology, and to allow the study of galaxies with smaller sizes. This last, thanks to the spatial résolution of the images at which we hâve access. Indeed, with the arrivai of the HST/ACS images we hâve been able to 1Other kind of parameters hâve also been created (see chapter 3 for more information and details). Briefly, we can mention the Concentration (C) parameter (Abraham et ai, 1994) which roughly correlates with the bulge over disk ratio (B/D), and the Asymmetry (A) parameter (Abraham et al, 1996b) which divides the sarnple between irregulars and more symmetric, objects.

More recently two other parameters hâve been introduced: the Gini coefficient (Abraham et ai, 2003) which is a measure of the relative distribution of galaxy pixel flux values, and the M20 parameter (Lotz et ai, 2004), which is the relative second-order moment of the brightest 20% of a galaxy's pixels.

2what is really done is a convolution of the model with the PSF. This convolution focus on reproducing the different effects caused by the telescope optics and/'or the atmosphère.
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Our galaxy sample 119 push the compact.ness limit to 1 kpc (see subsection 6.2.2), thanks to their 0.108" FWHM and their pixel size of 0.03". Sucli FWHM (and pixel size) represents 0.75 kpc (and 0.2 kpc) at z=0.65. Our classification (compactness) limit is thus larger than the smallest spatial résolution element (limit#1/0 ~1.33xFWHM), vvith a well sainpling of the PSF, and consequently takes also into account the scatter due to the measurement process. For a further comparison with observations of the local Universe, the SDSS images présent a 1.4" FWHM (and a pixel size of 0.396).

In the local Universe, e.g. at z=0.025, such value corresponds to 0.74 kpc (and 0.2 kpc), whicli matches perfectly with HST/ACS observations of distant galaxies (see above).

As mentioned in section 1.2.6, the morphological classification by eye, which lias been used till recently (e.g., Brinchmann et al., 1998, see chapter 3), can generale an important scatter when different astronomers do it (Naim et al., 1995). It will dépend a lot on "the expérience or pleasure of who is doing it".

Then, a less subjective method inust be constructed to guide the classifier, and let the morphological classification process be reproducible with a very little scatter3.

On the other hand, the method must, not let the process be totally automatic ("blind") because it could affect its accuracy, and introduces systematic errors, given the different shapes and independent physical properties a galaxy can hâve (especially, those that can be found in distant galaxies, see figure 6.1). As we cannot, e.g., describe the appearance of a person by only measuring the size of lus nose, it is similarly difficult to détermine the morphology of a galaxy only using one automatic measurement. Even if this last could be an easier and faster method. we lose the goal in the study of distant galaxies which can be cited as:

"understanding the évolution and State of each galaxy".

During my tliesis, I worked in order to improve the method on how galaxies are morphologically classified. In the next sections I will describe the sample used in our study (local and distant), the different parameters used to classify the galaxies, and the methodology to recover therri.

Our galaxy sample

We hâve worked with two samples of galaxies. One made up with local galaxies criterion: the absolute magnitude in J band brighter than -20.3. Furthermore, during the construction of our samples we hâve ensured that each galaxy hâve the information necessarv for our analysis: good quality spectrum which includes the [OU] A3727, and high résolution images in at least three optical bands.

The first would allow us to distinguish between starburst and quies cent galaxies. The second, to construct color rnaps and three color images. In this way, we got a local sample of 116 galaxies, and a distant sample of 143 galaxies.

Finally, we show that botli samples are représentative of the galaxies at each respective epoch. To do so, we compare our samples with the luminosity functions obtained for local and distant galaxies.

Kolmogorov-Smirnov tests indicate

probabilities larger than 94% that our samples and the corresponding luminosity functions are drawn from the saine distribution.
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The parameters retrieval: analysis of the ob servables As discussed in section 1.2.6, one of the basis of anv morphological classification inetliod is the définition of the observables to be taken into account (images bands, color images, etc.), as well as fixing the importance of the different morphologi cal details (bulge, disk, bar, ring, etc.). This is important in order to extract the underlying physical processes (kinematics, composition, physical events, etc.). In this context, we hâve developed a inetliod that allows us to correlate morphology and kinematics of distant galaxies (see section 5.4.2), and with other physical properties and events (e.g., mergers). This inetliod is suminarized by a decision tree illustrated later in section 6.3. In our methodology we use different tools and ail the available information to morphologically classify eacli galaxy:

• GALFIT parameters: these include the bulge and disk centers, magnitudes, radius, inclinations, P.A.s, and sersic index (see figure 6.2).

• GALFIT model and residual images: to gauge the fitting process, and carefully examine the different structures.

• Error image: to weight the different structures détection.

• disk-bulge-galaxy profile: t,o analysis the light profiles of different components.

• bulge-to-total light ratio (B/T): to distinguish the different morphological types.

• half light: radius (R1/2): to study the light concentration and define the com pact ness.

• color-map: to measure the color of individual features. It is constructed using two images in different filter bands.

• color image: to examine the small-scale structures. It is constructed using tliree images in different filter bands.

• Original images in tliree different bands: together with the color map and the color image, to identified dustv or star forming régions, as well as examine the different structures. 

The light profile analysis

This step in our methodology is essential to détermine the majority of ail the parameters we use to classify each galaxy (the five first items above). Therefore, spécial attention must be given to it for a good understanding of what we are retrieving.

We use the software galfit [START_REF] Peng | Detailed Décomposition of Galaxy Images[END_REF] to carry out two-dimensional modeling of each galaxy in order to obtain their structural parameters. For tliis we use optical higli résolution images: HST/ACS z band images in the case of distant galaxies, and SDSS r band for the local galaxies. Tliese two bands are équivalent due to the K-correction: r band ~(z band)/(l+(2:=0.65)). Galfit rnodels the galaxy image as a linear combination of a bulge and a disk, using a well established analytic model for each of the two components (see below), and convolves them with a PSF in order to extract the parameters free of instrumental effects. An important caveat in tliis approach is the underlying assumption that a galaxy can be represented as a linear combination of simple, smooth analytic functions (Rawat et al., 2007). Real galaxies are known to be rnucli more complex, with the presence of spiral arms, bars and central point sources, etc. Despite tliese réservations, galaxy fitting algorithms hâve been demonstrated to be successful in the past for the purpose of quantifying the galaxy morphological parameters Rodney DELGADO-SERRANO PhD thesis 6.2. The parameters retrieval: analysis of the observables 123 (Peng et al., 2002;[START_REF] Simard | The DEEP Groth Strip Survey. II. Hubble Space Telescope Structural Parameters of Galaxies in the Groth Strip[END_REF].

To model the galaxy bulge+disk intensity profile we use the combination of two Sersic laws [START_REF] Sersic | Atlas de galaxias australes[END_REF] The galaxy model is then constructed as a linear combination of these two components which includes sorrie free8 parameters such as:

-the sky background value bkg, which is assumed to be constant across the galaxy image. This is a good approximation because the images we use are 15x15 arsec2 large for distant galaxies (~103x103 kpc2 at z=0.65), and 198x198 arsec2 large for local galaxies(~100x100 kpc2 at z=O.Ü25).

4 The elegance of the Sersic profile is that it forms a continuous sequence from a Gaussian (n = 0.5) to an exponential (n -1) and a de Vaucouleurs (n -4) profiles simply by varying the exponent. It is then very useful for modeling bulge, pseudo-bulges, ovals, bars and fiat disks; the smaller the index n is, the faster the core flattens within r < re, and the steeper the intensity drop beyond r > re.

is coupled to n such that half of the total flux is always within re. Then, for n > 2, k « 2n -0.331. At low n, k flattens out toward 0 and is obtained by interpolation [START_REF] Peng | Detailed Décomposition of Galaxy Images[END_REF].

6the classic de Vaucouleurs profile [START_REF] De Vaucouleurs | Recherches sur les Nébuleuses Extragalactiques[END_REF]) that describes a number of galaxy bulges is a spécial case of the Sersic profile when n -4 (k -7.67). Nevertheless, sonie bulges may be better represented by other Sersic profiles [START_REF] Kormendy | Structure and Formation of Elliptical and Spheroidal Galaxies[END_REF][START_REF] Kormendy | Secular Evolution in Disk Galaxies: Pseudobulge Growth and the Formation of Spheroidal Galaxies[END_REF][START_REF] Laurikainen | Properties of bars and bulges in the Hubble sequence[END_REF][START_REF] Kormendy | Secular Evolution and the Formation of Pseudobulyes in Disk Galaxies[END_REF]Andredakis & Sauciers, 1994;[START_REF] Kent | Galactic structure from the Spacelab infrared telescope. Il -Luminosity models of the Milky Way[END_REF][START_REF] Shaw | The luminosity distributions of edge-on spiral galaxies. I -A two-dimensional model and its application to NGC 891 and 4565[END_REF][START_REF] Rodney | The minor-axis brightness profile of the spiral galaxy NGC 4565 and the problem of massive halos[END_REF].

7Freeman showed that dynamically "hot" stars in galaxies make up spheroidal bulges having a roughly de Vaucouleurs light profile, whereas "cold" stellar components make up the more flattened, rotationally supported, exponential disk région (see also de Jong, 1996a,b, and the references cited in the previous footnote).

8Ail parameters like re, rf/, n, position angle etc., with the exception of the sky background, aie allowed to be free in the fitting process, so that galfit can explore the full range of paraineter space to fine! the global minimum. In such a case, we avoid galfit to pull into a local minimum -the ellipticities £bulge and £diSk of the bulge and the disk isophotes respectively, -and their position angles Otmige and 6disk-Galfit needs a hrst guess of such parameters, as well as the magnitude, radii and position angle (PA) of eacli component, to run the fitting. The SExtractor software (Bertin & Arnouts, 1996) applied to our galaxies allows us to recover tliese initial guesses9. Then, galfit itérâtes the best analytic model of the galaxy using the PSF of the observation (see below) and comparing systematically with the observed galaxy image. The values of the free parameters are determined iteratively by minimizing the reduced xled defined as usual (see [START_REF] Peng | Detailed Décomposition of Galaxy Images[END_REF], for more details),

where Nd.o.f. is the number of degrees of freedom, galaxyx<y and model^are the counts in the pixel (x, y) of the galaxy and the model image respectively, crx y is the noise in the pixel (x, y) and nx,ny are the number of pixels in the galaxy image in the x and y direction respectively.

9We use SExtractor software for this task because it performs source détection and photometry, and it is able to deblend sources using flux multithresholding, as well as estimate a sky value using the complété image and not just an spécifie area. 

The point-spread-function (PSF)

The PSF is a rnathematical fonction describing the response of an imaging System to a point source.

Therefore, a spécial attention is paid wlien determining the PSF to be used during the fitting of each galaxy because it is fundamental to well simulate the original galaxy image.

As it lias been mentioned before, the convolution with a PSF is necesary to reproduce the blurring caused by the telescope optics and/or the atmosphère. In our work. the star closest to a given galaxy is used to détermine the PSF for the purpose of bulge-f-disk décomposition. Stars are the most pristine characterization of the PSF in any given astronomical observation, as they hâve gone through the sarne optics as well as the réduction pipeline as the studied galaxies. In tins purpose, especially in the case of HST/ACS drizzled images, real stars are better than simulated ones in order to take into account ail the optics and réduction effects.

It must be remembered that during the drizzling process a linear reconstruction of the individual astronomical images is done before their combination. This implies that, even if the algorithm préserves photometry and résolution, each input images is weighted according to the statistical significance of each pixel. The effects of géométrie distortion on both image shape and photometry are also removed. In addition, individual images must be rotated according to their orientation, and it is possible that, in the presence of cosmic rays, the images are combined by a dit liering procedure. As a conséquence, the simulated PSFs may not be able to reproduce ail these steps, which could become complicated enough. Only bright (non saturated) and well behaved stars, free of neighbours and other contamination were used as can-Rodney DELGADO-SERRANO didate PSF stars in our work following the stiidy carried out bv Rawat et al. (2007).

The cj-image and the Xred ro^e retrieve the best model

In the above scheme, an accurate estimation of the noise model aX)V to be used in Eq. 6.3 is also crucial for a robust détermination of the derived structural parameters of a galaxy. As the Xred "measures" liow far the modeled image is compared to the original light distribution, it is generally used to estimate the quality of the fit. Then, the rôle of the cr-image is to give relative weights to the pixels during the fit, because, even with the absence of other eventualities (cosmic ray hits, dead/hot pixels, flatfielding problerns) in the galaxy image, ail pixels are not equal due to the counting uncertainties of the photon (Poisson) statistics. In an image, pixels with high signal hâve smaller uncertainties (fractionally speaking) than pixels with fewer counts. Therefore, the fît can not be weighted by the uncertain data at the saine degree as the more certain ones. Thus, in Eq. 6.3 each point is normalized by the uncertainty at each pixel (the cr-image), following the Poisson weighting as it is the natural scheme for nuinber counting.

Due to the fact that Poisson statistics applies to électrons, when constructing the cr-image, pixel values must be in électrons. Thus, we use the GAIN, NCOM-BINE, and EXP TIME parameters of the image, to convert ail the pixel values into électrons. Then, following the Galfit manual10 and Peng et al. (2002[START_REF] Peng | Detailed Décomposition of Galaxy Images[END_REF],

we do the noise calculation by inaking the suin of the Poisson uncertainty at each pixel with the other noise sources in quadrature (e.g. detector readnoise). Finally, we convert everything back to the saine units as the input data (counts/second).

Statistically, if the model would be a perfect fit of the data, the différence (galaxy^-modelXjî/) in Eq. 6.3 would be roughly the size of a2t , on average, over infinité number of observations at each pixel. Therefore, when the sum is computed over ail the pixels, and then divided by the number of pixels Xred wül be roughly equal to 1. In galaxy fitting, you almost never get Xred eclual to 1 because galaxies are not perfect ellipsoids with the profiles we try to force on thern.

Nevertheless, it is still important to get the riglit sigma image because if not it miglit be hard to interpret the profile parameters such as the Sersic index 11

As a resuit, we found that the Xred parameter alone is not sufficient for decitling whether a fit is reliable or not (see figure 6.6).

In fact, the main limitation of parametric inethods is that they use an "a priori" assumption on the light distribution, inaking them unsuitable for treating patchy light distribution often found in spiral galaxies, for example, spiral arms Rodney DELGADO-SERRANO Figure 6.6: Xred parameter of two different galaxies (Neichel et al., 2008). Frorri top to bottom: original image, Galfit model image, and residual image. For Lhese two objects the software gives a similar confidence level in the fitting process {xled 1.4).

For the galaxy on the left, the Xred 1S high due to spiral amis, whereas it is due to the two clumps located at the southeast of the center for the galaxy on the right.

amis unavoidably produces a Xred > 1 because the spiral pattern is taken as if it was noise during the fitting. However, we can gauge the appropriateness of the ht by carefully examining the residual map, the "error" map, and the flux and magnitude profiles shown in figure 6.4. Then, the combination of the xled vabie and the careful examination of the aboves allows us to adequately recognise the successful hts. where the fluy^buige and fluXdisk are calculated by integrating the bulge and the disk profiles respectively over tlie major axis using the best fit parameters obtained by galfit (see figures 6.7 and 6.2). This bulge fraction B/T is found to be broadly correlated witli the traditional Hubble type of a galaxy in the sense that an early type galaxy lias a high B/T ratio and a late type spiral lias a low value (Kent, 1985;[START_REF] Simien | Systematics of bulge-to-disk ratios[END_REF][START_REF] Laurikainen | Properties of bars and bulges in the Hubble sequence[END_REF]. It is this ratio that we use for characterizing the morphology of our galaxy sample (see section 6.3).

Structural parameters

Another parameter not included in figure 6.7, because it does not resuit from the galfit fitting, is the half light radius. Nonetheless, our morphological classifica tion method also takes advantage of this parameter (see decision tree in figure 6.13).

Half light radius (R1/2) This is the radius within which half the light (luminosity or flux) of the galaxy is contained.

To measure the half-light radius, we hâve developed our own IDL procedure, which allows us to visually analyze different profiles of the galaxy at the sanie time: (1) the flux and magnitude profiles; and (2) the flux content within ellipses of different radii with a step of 011e pixel (the PA usetl here is the 011e retrieve by galfit). The hrst profiles let us détermine a reasonable sky value and the last one gives us the half light-radius when a real "plateau" is visualized (see figure 6.8). someone taken by a modem photographie caméra), if the images hâve a high spatial résolution and their alignment is better than 0.16 pixels (Zheng et al., 2004). We inade use of the available multi-band high-resolution images to coustruct two sets of color rnaps, used in our morphological classification methodology.

Color rnaps

We substract, pixel by pixel, the magnitude in two observed bands using our own algorithm that allows us to estimate c.olors and their uncertainties (Zheng et al., 2004).

A color map is a différence of two images in a logarithm scale. Here, we can ignore the possible scaling constant which will not affect the final results. Given one image in the blue rest-frame band with flux F b and another one in the red rest-frame band with flux Fthe color image is defined as Y -logFs -logFR (6.5)

In tliis relation, the flux is a function of the position in an image, including signais of background and object. Then, applying SExtractor to the red rest-frame image and taking only the detected pixels through a 3-<7 threshold, we obtain a color map similar to figure 6.9.

It is important to note that the color information in the color map is normalized, pixel by pixel, by the S/N ratio. It allows to create a real and homogeneous color information of the galaxy. If the color map does not take into account the S/N ratio, it could give incorrect information. One example is the extreme case where one structure, witliin a résolution element, is detected with the B band, but it is not detected with the R band. In such a case, without a S/N normalization, équation 6.5 will be equal to infinity (-oo, if we do not ignore the scaling constant).

Color images

With "color image" I refer to the combination of images in three different bands.

For a better visualisation of the différence scale structures of each galaxy, we create three color images with different intensity and spatial scales. In the intensity space, linear and logarithm scales are used. For the spatial case, we compute 25x25 kpc and 50x50 kpc images, as shown in figure 6.10.

Bar inspection

Bars are primarily stellar structures in the center of galaxies and it lias been shown that they play an important rôle in the dynamic and structure forrria-PhD tliesis

Rodney DELGADO-SERRANO Figure 6.9: Example of color maps for two different galaxies in our morphological analysis methodology. Left: 50x50 kpc color inap. Middle: 25x25 kpc color map.

Right: Smoothed color map. This last is created from the 25x25 kpc color map, applying a 2x2 boxcar average. The seules are adjusted to hâve a nice view of the whole galaxy. tion of galaxies. Models show that the nonaxisymmetric bar potential induces large-scale streaming motions in the stars and gas (Sellwood k Wilkinson, 1993;Athanassoula, 1992b,a, and references therein). They are mostly suggested to be efficient at driving gas into the galactic center and changing star orbits to form a central bulge-like structure [START_REF] Combes | Box and peanut shapes generated by stellar bars[END_REF][START_REF] Debattista | Bulges or Bars from Secular Evolution[END_REF], as well as inducing the formation of spiral arms.

A bar structure can be recognized by a characteristic change of ellipticity (c) and position angle (P.A.) from an analysis of isophotes over the entire image of the galaxy. The existence of a bar will cause a monotonically increase of the isophote ellipticity, while the P.A. remains relatively constant. At the end of the bar, the ellipticity drops sharply, and the P.A. changes as the isophotes belonging to the underlying disk are fitted (Zheng et al., 2005;[START_REF] Sheth | Barred Galaxies at z > 0.7: NICMOS Hubble Deep Field-North Observations[END_REF][START_REF] Regan | Band observations of barred spiral galaxies[END_REF].

We use the tool 1RAF/ELLIPSE to perforai the analysis of the surface brightness distribution via fitting the isophotes with ellipses as shown in figure It is easy to suspect that this technique is quite ineffective in detecting bars in highly inclined spiral galaxies, as well as in detecting bars having a similar P.A. than the galactic disk, and/or if the underlying galactic disk is too faint to be adequately irnaged, and/or if the data liave inadéquate resolution to résolve bars.

For tliese reasons, a further confirmation of the bar existence is carrv out by carefully examining the color maps and color images of the galaxy (see subsection As remarked at the end of subsection 2.1. sonie recent studies show quite high contaminations of late-type galaxies in the so called "red-sequence" (~20% in the local Uni verse, and ~35% in the distant one), which is expected to be composed of just early-type galaxies. This is a controversial topic, which needs to be clarify to better understand the évolution of galaxies and the color-luminosity functions.

In this context, I hâve thus compared the integrated color vs the morphological type of [START_REF] Delgado-Serrano | How was the Hubble sequence 6 Gyr ago?[END_REF] représentative sainples.

To extract the integrated color of the galaxies, I hâve subtracted the rest-frame U and B absolute magnitudes.

The rest-frame (U-B) color of each galaxy allowed me then to separate blue from red galaxies by applying a sépara tion lirriit. I used the lirnit define by Cirasuolo et al. (2007). Following Bell et al. (2004b), "it is defensible and perhaps more natural to define early types in ternis of colors". This seems not to be the case. Results are shown in section 6.4.

The morphological classification method

We thus adopt a methodology that systematically compares morphologies of distant galaxies to those of local galaxies. Identification of peculiarities is directly assessed by the discrepancy between a given galaxy and the galaxies that populate the local Hubble sequence (see figure 6.12). Such a technique is based on a simple and reproducible decision tree (see figure 6.13).

Figure 6.12: Scherne of the local Hubble sequence.

First, we identify those galaxies that are compact, and can thus not be decornposed in a bulge and a disk due to their small size. Second, we model the PhD tliesis Rodnev DELGADO-SERRANO galaxy as detailed in subsection 6.2.1. If the fit does not succeed, the galaxy is classified as peculiar according to its color map and image. If the fit succeeds, we dérivé a B/T value to distinguish between spiral, lenticular and elliptical galaxies.

Even though, to be classihed as spiral, lenticular or elliptical, the color map must show a center redder than the disk, the centers of the bulge and the disk must be in agreement, and ail the images (color images, galfit residual images, etc.) must

show compatible feat lires (see section 3.4 in Delgado-Serrano et al., 2010). I hâve then created a data base, as shown in figure 6.14, in order to hâve a fast, and easy access to ail the information concerning each galaxy (absolute magnitudes, SFR, redshift, galfit parameters, B/T, R1/2, bulge-disk-galaxy profiles, galfit images, color maps, color images, etc.). Finally, the morphological classification was made individually by three of us (RD. FH, YY) and compared.

The agreement between the individual classification was excellent (only 2 galaxies of 143 led to a discussion, arguing between peculiar or spiral galaxy. It was due to tlieir relativily low surface brightness). Figure 6.14: Galaxies database (webpage format) created to gather ail the galaxies information used during our classification methodology. It makes the application of the decision tree by any astronomer a lot much easier.

Results

Galaxy number density

In short, for our morphological study we hâve gathered a distant représentative sample of galaxies observed by the HST/ACS in the GOODS survey area. We hâve further selected a représentative sample of nearby galaxies from the SDSS. In applying the saine morphological classification metliod, we hâve been able to dérivé a past and a présent Hubble sequence. We also estimated the uncertainties of our reliable methodology, finding unprecedented results. Moreover, we sliowed tliat the observational conditions of the distant and local galaxies in our samples, needed to retrieve tlieir morphology, are similar in an unbiased way. This lias allowed us to link the past Hubble sequence to the present-day one. We do find that spiral galaxies were 2.3 times less abundant in the past, which is compensated exactly by the strong decrease by a factor 5 of peculiar galaxies, while the fraction number of elliptical and lenticular galaxies remains constant. It shows that more than half of the present-day spirals had peculiar morphologies, 6 Gyr ago (see figure 6.17).

PhD thesis

Rodney DELGADO-SERRANO Taking into account only bar détection in Sp and SO galaxies12, I find ~6% ± 3% of galaxies with bars in the distant sample, and ~21% ± 4% in the local sarnple (see green circles in figure 6.15). In the distant sample there are less than 10% of Sp or SO galaxies having an inclination (i) higher than 65°, while in the local sample ~24% of Sp or SO galaxies hâve the saine property. In the literature it lias been argued that galactic structures such as bars are diffîcult to identify and quantify in galaxies with i > 65° (Sheth et ai, 2008). Thus these results give a lower limit to the fraction density of barred galaxies at, each epoch.

To compare my results to (Sheth et ai. 2008), I quantified the fraction of barred galaxies only within t.hose galaxies classified as spirals, as Sheth et al.

eliminated ail elliptical, lenticular, and peculiar galaxies when constructing tlieir sample.

In such a case, I find 18% ± 10% and 25% ± 5% of barred galaxies within the distant and local spirals, respectively (see red circles in figure 6.15).

These results are in good agreement with Sheth et al. (see also [START_REF] Athanassoula | Topics on Bar and Bulge Formation and Evolution[END_REF]. Being also limited by the fraction of galaxies with i > 65°cited above, my resuit iriay be consider as a lower limit.

6.4.3

Color distribution Figure 6.16 shows the color distribution of our local and distant samples. Yellow and red syinbols represents the S0 and elliptical galaxies, respectively. Thus the well known "red sequence"13 is not only composed by such galaxy types. I find that in our local sample the red sequence is composed by: 33% ± 8% of E/S0, 61% ± 11% of Sp, and 6% ± 3% of peculiar galaxies. In the case of the distant sample the red sequence includes 49% ± 8% of E/Sü, 25% ± 6% of Sp, and 26% ± 6% of peculiar galaxies.

These results imply that more than 50% of galaxies in the local and distant red sequence are not elliptical or lenticular galaxies. This is a lot more than what lias been published previously (e.g., Cirasuolo et ai, 2007, and référencés therein; see also subsection 6.2.5).

It may be due to our morphological classification methodology, wliich we hâve shown to be more reliable than otlier methods.

12It means I do not take into account those détections in galaxies that hâve been classified as Peculiar.

13ail galaxies above the black straight, line.

Rodney DELGADO-SERRANO PhD thesis Indeed, the use of colors to estimate morphological évolution of galaxies lias been doue erroneouslv, as galaxy color alone is not a good indicative of the galaxy morphology. Different reasons can explain tliis. One of tliern is that U-B color are very sensitive to extinction, wliicli is more important in spiral and peculiar galaxies because of tlieir large amount of gas.

In short, colors are well used to classify stars. Nevertheless, galaxies are much more coinplex Systems, composed of gas and millions of stars.

It is therefore expected that extinction and géométrie effects (edge-on galaxies) affect tlieir color with a significant déviation. Mag g Figure 6.16: Morphological contamination in the so called "red sequence" shown by a 3D plot of the color distribution of our représentative distant (at tup) and local (at bottom) samples. Red/yellow crosses represent E/Sü galaxies, blue symbols represent spiral galaxies, and green symbols represent peculiar galaxies. Crosses

show galaxies classified as quiescent (EWjOII] A3727 < 15Â), and squares galaxies classified as starburst. The straight line gives the limit between red and blue galaxies from Cirasuolo et al. (2007) (in the local plot, I ruade a correction for the straight line of+0.2 mag to roughly fall in the "séparation" between "red" and "blue" galaxies). Ail E/SO galaxies of our représentative samples are well in the red région. However, the "contamination" of the red région by other morphologies (Sp and Pec) is quite large. Noteworthy, I hâve found that using a starbusrt-quiescent limit smaller than 11A there is a better corrélation between starbusrt-quiescent galaxies and bleu-red galaxies, respectively.

Local Galaxies Galaxies are complex objccts containing several tens of bil lions stars, as well as gas and dust. Present-day massive galaxies are regular and relaxed Systems, and are made of a dispersionsupported bulge that is surrounded by a rotationally supported disk. They ail fit the initial scheme proposed by [START_REF] Hubble | Extragalactic nebulae[END_REF], which is called the Hubble sequence. In the Hubble scheme, which is based on the optical appearance of galaxy images on photographie plates, galaxies are divided into three general classes: ellipticals (E), lenticulars (SO), and spirals. In the se quence, galaxies are organised from pure bulge (the elliptical)

to increasing disk contribution to their light or mass (S0 to Sc).

Further improvement has defined a fork that splils barred (SB) from non-barred spirals. There are also few massive galaxies, less than 10%, showing irregular or peculiar morphologies, and these escape to this classification. Moreover, it is unlikely that major mergers could signifïcantly affect the number density of galaxies since that epoch. The sé lection criterion has to be kept simple and should address the mass in one way or another. There is a relatively good correspondence between stellar mass and absolute magnitude in the near-IR, so we choose a limit My(AB) < -20.3. Such a value is adopted from the IMAGES1 survey and corresponds approximately to Mstenar > 1.5x10*°Me. However, one needs to make it 1 Intennediate MAss Galaxy Evolution Sequence is a VLT large program aiming at recovering the spatially resolved kinematics of ~0.4 < z < 0.9 galaxies, see Yang et al. (2008).

clear whclher this simple criterion select similar galaxy masses in the two redshift bins.

The methodology for morphological classification is a cru cial issue, especially when comparing galaxies al two differ ent epochs. Quoting [START_REF] Kormendy | Secular Evolution and the Formation of Pseudobulyes in Disk Galaxies[END_REF], "it is useful only if classification bins at least partly isolate unique physics or order galaxies by physically relevant parameters.

The Hubble-Sandage-de Vaucouleurs classification scheme has done these things remarkably well". We thus adopt a method ology (see, e.g., Neichel et al. 2008) that systematically com pares morphologies of distant galaxies to those of local galaxies.

Identification of pcculiarities would thus be directly assessed by the discrepancy between a given galaxy and the galaxies that populate the local Hubble sequence. Such a technique is based on a simple and reproducible decision tree and a full décompo sition of the galaxy light profile in two components, namely the bulge and the disk. A striking resuit of Neichel et al. (2008) is the excellent agreement between such a morphological classification and classification of their kincmatics. By studying a représenta tive sample of 52 distant galaxies, they demonstrate that 80% of rotating galaxies possess spiral-like morphologies, and that 95% of galaxies with complex or chaotic kincmatics hâve peculiar morphologies. In other words, peculiar morphologies are associated with anomalous kinematics. Neichel et al. (2008) has also

shown that other classifications based on automatic assessment of compactness or asymmetry do not correctly predict the kine matics, as they overestimate the numberof spiral-like morpholo gies. Such an effect has indecd been noticed by Conselice et al. (2003Conselice et al. ( , 2005, see also Kassin et al. 2007). Curved blue line shows the limit of the sample that is assumed to be represented by a blue starburst with rP -16.

depth are as well homogenous for distant galaxies, spectroscopic surveys show quite significant heterogeneities. We followed the sleps of Ravikumar et al. (2007) showing the ability in gathering a représentative sample from the collection of spectroscopic samples in the GOODS area. Ail in ail, the luminosity functions of both samples are compared to those of similar surveys, and an excellent agreement is found. There is a clear lack of intrinsically faint galaxies at z > 0.03, especially blue galaxies with magnitude just below rp = 16. This is illustrated by the blue curve which corresponds to a fiat spec trum between r-band and ./-band, i.e., that of a pure starburst at the sample magnitude limit. 2007) and référencés therein.

Distant galaxy sample

This sample is made up of the combination of two subsainples, distant star-forming galaxies and distant quiescent galax ies. Those hâve been arbitrarily defined by their [Oïî]d3727 EW, larger or smaller than 15 A, respectively (see Hammer et al. 1997). In bot h cases, galaxies were selected with the following criteria: My(AB) < -20.3 and redshift range 0.4 < z < 0.8. Ail these limits were adopted to be consistent with the IMAGES survey. Furthcrmore, we selected only galaxies having GOODS(ACS) v2.0 images in at least 3 bands (v -5915 Â, i-7697 Â and z -9103 Â).

There is a relatively good correspondence between starforming and quiescent galaxies defined as above with blue and red galaxies, respectively. Figure 3 compares rest-frame (U -B) colors of galaxies in the distant sample with the limit applied by Cirasuolo et al. (2007) to separate blue from red galaxies. It is, however, slightly imbalanced as there are more quiescent galax ies in the blue cloud than star-forming ones in the red cloud.

An optimal balance would be provided if we had chosen an [Oir)d3727 EW of about 11Â. This might slightly alter the comparison with Cirasuolo et al. (2007) in Fig. 2 (b,c, see also below).

Distant star-forming galaxies: this sample of 52 starburst galaxies (£W(|pn]43727) ^15 Â) has been gathered by Neichel et al. (2008) in the frame of the IMAGES survey.

We kept only 49 galaxies, and two were rejected because they do not hâve at least 3 bands GOODS(ACS) v2.0 im ages (J030238.74+000611.5 & J223256.08-603414.1) and one of them (J033210. 76-274234.6) has been recently identify as a quiescent galaxy (Yang et al. 2009). Figure 2b shows the dis tribution of the 7-band absolute magnitudes of the distant starforming galaxy subsample. To further verify its representativeness, we over-plotted in this histogram the À'-band luminosity function obtained by Cirasuolo et al. (2007) for blue galaxies -14 -16 -18 -20 -22 -24 -26 -28 Mag B Fig. 3. U -B color distribution of the distant sample (blue squares: starbursts, red crosses: quiescent galaxies). The black line represents the color-magnitude relation applied by Cirasuolo et al. (2007) to separate their blue and red populations (see their Eq. ( 2)).

in the redshift range 0.25 < z < 0.75. The correction from Â'-band to 7-band is very small in the AB System, according

to the available values calculated in the IMAGES survey. The J -K values average to -0.08 + 0.03 and are almost independent of the spectrophotomelric type (see also Mannucci et al. 2001).

In the following we assume aJ-fC correction of -0. A Kolmogorov-Smirnov test provides a probability of 94%, that the quiescent galaxies sample and the corresponding luminosity function in the redshift range 0.25 < z < 0.75 are drawn from the same distribution. Both distributions show well the peak that is due to massive early type galaxies.

3. A simiiar morphological analysis for both local and distant galaxies

Comparing the available data for the two samples

Our main goal is to ensure that the comparison of morpholo gies is not affecled by biases relatcd to spatial sampling, depth, and A-corrections. In this respect, the detailed sludy of Barden et al. (2008) is very encouraging. They indeed created a set of SDSS galaxies that they hâve artificially redshifted to redshifts 0.1 < z < 1.1, in order to compare them with GEMS and COSMOS galaxies. Barden et al. (2008) applied and verified whether these templates may be compared to galaxies observed with HST/ACS.

They did not ftnd any significant différence in estimating absolule magnitude, half light radius, and Sérsic index (see their Fig. 9). As they concluded, their software has no unwanted systematic effects on measured morphological and photometrical parameters of simulated galaxies, and déviations from theoretical values are well within the uncertainties expected from their GALFIT (Peng et al. 2002) simulations.

At z = 0.65, the concordance of the sampling in physical units is optimal: the HST/ACS of GOODS delivers an FWHM of 0.108 arcsec that corresponds to 0.81 kpc. At z = 0.025 an SDSS galaxy is observed within an average FWHM = 1.4 arcsec that corresponds to 0.74 kpc. Both pixel sizes correspond to a sampling of the PSF by 3.6 and 3.5 pixels, respectively. Thus the conditions reproduced by Barden et al. (2008) are particularily appropriate for a comparative analysis of the local and distant samples of galaxies considered in this study.

We thus hâve to consider two additional effects, i.e., the comparison of the optical depth of the two databases and the A-correction effects. Concerning the latter, there is excellent agreement between the rest-frame band of distant galaxies to those of local galaxies, assuming z = 0.65 for the médian value of distant galaxies (see Table 1). deeper than that of SDSS, by 0.52, 0.08, and 1.02 mag, in restframe m, g, and r bands, respectively. Possible effects related to depth will be discussed later in the discussion section. Besides this effect, we confirm the conclusion of Barden et al. (2008) that there should not be systematic effects on mcasuring morpholog ical and photometrical parameters from one sample to the next. Half-light radius measurements and GALFIT simulations were doue at rest frame r band, i.e., at z band for galaxies in the distant sample.

Color images and maps

Color is an important information in our morphological classifi cation process. We hâve two samples of galaxies (local and dis tant samples) and we want to compare them. Il is needed to use same rest-frame colors in both samples to construct color maps (see Table 1). Therefore, in the case of two-color maps, we use u -r bands for the local sample and v-z bands for the distant sample. We do the same for three-bands color images (h -g -r and v -i -z bands, respectively).

Three-band color images are useful for the morphological classification for examining the small-scalc structures of the galaxy. However, we need color maps in which color of individual features can be measured. To do so, we substract, pixel by pixel, the magnitude in two observed bands using an algorithm that allows estimation of colors and their uncertainties (see de tails in Zheng et al. 2005). A color map of any substructure in the galaxy can then be compared with models of stellar popula tion synthesis. They can thus be useful for estimating the color of a bar or idcntifying dusty or star-forming régions. " Fractions in the peculiar class are simply addition of the fraction of peculiar subclasses.

Morphological classification

To make the morphological classification a reproducible process and to rcducc its inhérent subjectivity, we constructed a pseudoautomatic decision tree (described in Fig. 4). It was adaptcd from Neichel et al. (2008) to account for S0 and E galaxies. The de cision tree takes ail the available quantities into account such as B/T, half light radius, GALFIT parameters, GALFIT model and residual images, error images, disk-bulge-galaxy profile, two color-maps, and thrce-color images. To reduce the residual sub jectivity, the morphological classification of each galaxy of the samples was doue by thrce of us (RD, FH, YY) following the decision tree. Then, our classification was compared. Because of the relative simplicity of the decision tree, the agreement between the various classifications was excellent for both samples of local and distant galaxies.

A few changes to the Neichel et al. (2008) methodology were made in the présent morphological classification. First, we now formally account for the agreement between bulge and disk centers. Indeed, we hâve noticed that, in some cases, the fit bulge+disk of galaxies seems to be good, but in the threecolor image or in the residual fit image we see disagreement between bulge and disk ccnters. Galaxies with a disagreement in their centroid largcr than 3 pixels are considered as peculiar galaxies (see decision tree). Second, and conversely to what was chosen in Neichel et al. (2008), we classify as compact ail objects with a half-light radius below 1 kpe. In previous studies of z ~0.6 galaxies, the limit to defining compact galaxies has been taken to be 3 kpe (Melbourne et al. 2005;Zheng et al. 2005;Hammer et al. 2001) because in ail those works the spatial resolution of WFPC2 images was significantly higher than the Cf.'108 FWHM provided by ACS/HST images for most (90%) galaxies in the distant sample. We then hâve access to a better spatial resolution. Thus, the compactness limit is 1 kpe. and only sueh and extrême compactness is limiting our morphologi cal classification.

To summarize, we distinguish between the following classes:

1. E: elliptieal galaxies, with a B/T ratio between 0.8 and 1.0;

2. S0: lenticular galaxies. There is no presence of regular struc tures (arms) and the bulge is redder than the disk. A highly symmetric disk, as well as the match of bulge and disk center, is observed. The B/T ratio has a value between 0.5 and 0.8;

3. Sp: spiral disk galaxies. This class is characterized by a bulge redder than the disk. Regular arms and a highly symmetric disk are also présent. Bulge and disk centers coincide, and the B/T ratio is smaller than 0.5;

4. Pec: peculiar galaxies. The main characteristic of this class is the présence of asymmetrical leatures. However, we may divide this class into four subclasses: possible mergers (Pec/M), which are objects with irregularities that could be associated to merger/interaction events; tadpole-like (Pec/T), which arc objects showing a knot at one end plus an extended tail; irregulars (Pec/Irr) for objects with asymmetric irregularities that cannot be associated with arms, objects with a center (bulge) bluer than the rest, or objects with a disagree ment between bulge and disk centers largerthan 3 pixels; and compact (Pec/C), which are galaxies with a half-light radius smaller than 1.0 kpe.

According to this decision tree, we hâve classified the 259 galax ies that belong to our two samples. Galaxies from Neichel et al. (2008) hâve kept their morphological classification, except for those classified as compact by them but that are not in the présent study.

Morphological classification: results

Table 3 summarizes the fraction of E, S0, spirals, and peculiar galaxies. Peculiar galaxies are also subdivided into 4 subcategories as described in Sect. 3.4.

Fig. 4. Semi-automatic decision tree used in the morphological classification process. Each step considers a simple and unique criterion. We chose a very conservative nierhod, which takes into account the well known morphologies of local galaxies that populate the Hubble sequence.

Morphological classification of local sample

By applying our morphological classification method to the lo cal sample, we confirm that the local Universe is dominated by spirals galaxies that represent 72% of the population, and that the fraction of E/SO is 18%, while 10% of galaxies hâve peculiar morphologies. This confirms the fraction of spirals in lo cal galaxies as found by Hammer et al. (2005) on the basis of the morphological determined luminosity function of Nakamura et al. (2004). The number of compact galaxies in the local sam ple is very small (2%), which proves that spatial resolution can not significantly aller our classification. Among the 116 galax ies of the local sample we also find 96 (83%) quiescent galax ies (£W([OII]43727]) < 15 Â) and 20 (17%) starburst galaxies (£W([01I]T3727) ^15 Â). Hammer et al. ( 1997), using a completely different method, find the same percentage of starburst galaxies which hâve same définition than in the présent paper (see their Fig. 3 and their Sect. 3.1).

Morphological classification of distant sample

As assumed by Hammer et al. (2005) or by Neichel et al. (2008), one would hâve expected a small fraction of peculiar morpholo gies in the sample of quiescent galaxies. In contrast to that ex pectation, we find a quile surprisingly high fraction of pecu liar galaxies, 25%. Peculiar galaxies are also the more common type (69%) in the starburst distant sample, in which no ellipîical or lenticular galaxies are found. Gathering the whole sam ple of distant galaxies, we find that 52% of them hâve pecu liar morphologies, while only 31% hâve spiral morphologies, with the rest either E or S0. Gathering distant starbursts and quiescent galaxies in a single représentative sample was done following Hammer et al. (1997): galaxies with significant line émission (£W([Oil]/I3727) > 15 Â) represent 60% of intermediate redshift (0.4 < z < 1.0) galaxies, while quiescent galaxies represent 40%. Such a distribution is fairly well confirmed by the fraction of red and blue galaxies from Cirasuolo et al. (2007) in the same redshift range.

Building up the past Hubble sequence

Morphological évolution by comparing distant and local galaxies

The results shown in Table 3 are in a very good agreement with those of van den Bergh (2002) who found that the fraction of peculiar galaxies increases from 12% to 46% from z = 0 to z = 0.6-0.8. A simple examination of Table 3 reveals thaï during the past 6 Gyr:

-the fraction of early type galaxies (E/S0) has not evolved, suggesting this population was mostly in place at that epoch, consistently with conclusions of other studies (Jimenez et al. 2007;[START_REF] Bernardi | Evolution and Environment of Early-Type Galaxies[END_REF];

-the fraction of regular spiral galaxies has increased by a fac tor 2.3 and this resuit supersedes former daims (e.g., Lilly et al. 1998) that were based on much lower data quality;

-the fraction of peculiar galaxies has decreased by a factor 5, and this represents a very strong évolution, as half of the galaxy population consisted of peculiar galaxies 6 Gyr ago.

At first glanee, the number évolution of spirals is balanced by the number évolution of peculiar galaxies. Because peculiar galaxies generally show anomalous kinematics (Neichel et al. 2008), this suggests that peculiar galaxies hâve to be transformed in one way or another into rotating spirals that we observe in large numbers today. Such a transformation has to be understood and reported by the different models of galaxy évolution. However, before taking that step forward, we need to verify whether this repré sentation of the past Hubble sequence can be causally linked to present-day galaxies.

Hâve we established a past Hubble sequence?

In this papcr we hâve tried to keep a homogeneous methodology of classifying both distant and local galaxies on the basis of a similar observational set-up. The only différence that could bias our resuit is the greater optical depth -by 0.08 to 1.0 magreached for distant galaxies when compared to local galaxies.

To verify whether this might affect our results in Table 3, we hâve reproduced similar conditions at z = 0.65 than at z = 0 by degrading the signal to noise of GOODS observations. It re sults that small variations of optical depth cannot affect our re sults in Table 3: ail the galaxies which hâve been classified as peculiar remain in that category. This is not surprising because SDSS imaging is deep enough to provide a fairly robust clas sification of galaxy morphology (e.g., Nakamura et al. 2004;Fukugita et al. 2007). Figure 5 shows the two Hubble sequences that hâve been constructed using both local and distant samples.

The main drawbacks in establishing such a sequence are, however, relatcd to our fundamental ignorance of the various etfects on galaxy morphology during the past 6 Gyr. As discussed in Sect. 1, the possible effects on either the number density of galaxies or the validity of a common absolute mag nitude limit include galaxy merging and stellar population évo 

A few results and possible applications

There are a few results displayed in Table 3 and in Fig. 5 that deserve some comment, as they appear to be unexpccted:

1. the fraction of 10% of peculiar galaxies in the local Hubble sequence is not negligible, given that these galaxies hâve stellar masses well above 1010 Mra, Indeed, Fukugita et al.

(2007) find only 1% of galaxies with peculiar morphologies.

This may be relatcd to the not using the color information and thus not accounting for some galaxies (at a level of ~3% in our sample) having a blue "bulge" surrounded by a redder disk. A part of this discrepancy (an additional 2-3%) cornes from our additional criterion that the bulge and disk centroids should coincide to classify a galaxy as a spiral. Otherwise, local peculiar galaxies seem to be dominated by mergers or compact galaxies;

2. we also find quite a high fraction (25%) of peculiar mor phologies in the sample of quiescent and distant galaxies.

This is not mainly caused by the effects described above.

This resuit slightly affect the conclusions of Neichel et al. (2008) and Hammer et al. (2005Hammer et al. ( , 2009)), who assumed that besides E/S0, ail quiescent galaxies hâve to be spirals. This simply reduces further the fraction of regular, rotating disks in the past Hubble diagram whose fraction is 2.3 times lower than in the present-day galaxies.

Figure 5 présents an accurate représentation of Hubble se quences at two different epochs for which galaxy morphologies hâve been studied in an homogeneous way and with a minimum of sélection effects. This can also be used to test some scaling re lations between fundamental parameters. For example, this has been done by Flores et al. (2006) and Puech et al. (2008);Puech et al. (2009), who show that the main évolution of the Tully-Ficher relation is resulting from a much larger scatter from pe culiar galaxies. Figure 2 demonstrates that this strong évolution discovered by IMAGES is unaffected by sélection biases.

Similarly, one can test the scaling relations of early type galaxies. For example, it has been shown (Pahre et al. 1998;[START_REF] Kauffmann | Stellar masses and star formation historiés for IIP galaxies from the Sloan Dig ital Sky Survey[END_REF], and référencés therein) that bulge luminosity corrélâtes with the bulge effective radius, which is indeed one projection of the fundamental plane of elliptical galaxies.

Figure 6 présents the absolute r-band magnitude of the bulge against the bulge radius for the two subsamples of E/S0 galax ies. Although the number of objects is quite small, there is a corrélation between the luminosity and bulge radius. Using the past Hubble sequence, we may verify whether it evolves or not.

Figure 6 (bottom panel) shows that no évolution is measured, when accounting for passive évolution of the luminosity (about 0.59 mag), for stellar populations assumed to be formed ~12 Gyr ago.

Conclusion

We hâve established a first approximation of what would be the progenitors, 6 Gyr ago, of the galaxies of the present-day Hubble sequence. Using a simple and single criterion for selecting both distant and local galaxies, we showed that one may link them together quite robustly. There are certainly uncertainties caused by further, very' recent merging events, as well as by various star formation historiés, but they are not likely to affect more than 10% of the galaxies that may be linked together. This is lower than the error due to Poisson number slatistics in samples that slightly pass 100 galaxies. Our melhod classifying galaxy morphologies is similar to that adopted for local galaxies. It uses a semi-automatic decision tree that is applied in a consistent way for both distant and local galaxies. The errors duc to misclassification are thus unlikely to be more than a few' percent. This leads to:

1. E/S0 galaxy populations show no evidence of number évolu tion during the past 6 Gyr.

2. Slightly more than half of the distant galaxies hâve peculiar morphologies, which is likely associated to anomalous kinematics according to Neichel et al. (2008).

3. The fraction of regular spiral was 2.3 times lower 6 Gyr ago than in the présent epoch.

4.

Almost ail the évolution is caused by the transformation of galaxies with peculiar morphologies into regular spiral galaxies at présent epoch. Mr -Rimige is unlikely to be a strongly evolving relationship.

planes for bolh spirals and bulges. It is, however, unclear whether this mcthod can be extended to longer look-back times, at epochs during which mergers could be a prédominant inechanism to form galaxies and their stellar populations. There is, however, a need to improve the statistics, since this paper is based on numbers slightly over 100 for both distant and local samples.

Le., fewer galaxies in the different morphological types. Cosrnic variance effects also hâve to be investigated since they could easily affect the GOODS South field (see Ravikumar et al. 2007, and référencés therein). Furlher sélection of SDSS galaxies and galaxies from GOODS South and North or from deep galaxy surveys with similar depth are feasible. More than half of the galaxies in the past Hubble sequence hâve peculiar morpholo gies. Their transformation to regular spirals in the present-day Hubble sequence is a big challenge that should be addressed by currcnt scénarios of galaxy évolution and formation. Another and more subtle effect would be caused by two galaxies below our limit (e.g. with Mj( AB) > -20.3) merging and their by-product reaching our limit (Mj{AB) < -20.3) at ; = 0 (see top of To evaluate the fraction of z = 0.65 galaxies that will merge during the last 6 Gyr, we may consider the two studies providing the largest and the smallest évolution of the merger rates.

Assuming an évolution rate as (1 + z)2 7 (Le [START_REF] Fèvre | Hubble Space Telescope irnaging of the CFRS and LDSS redshift surveys -IV. Influence of rnergers in the évolution of faint field galaxies from z '1[END_REF], one can dérivé that 29% of z = 0.65 hâve to expérience a ma jor merger during the last 6 Gyr. Similarly, Lotz et al. (2006) estimate that between 33% and 66% of Lu > 0.4 x Lu galax ies had a major merger since z = 1.1, with an évolution rate of ( 1 + z)1 12. Combining the above estimâtes implies that 15 to 30% of z = 0.65 galaxies could expérience a major merger later on. This number is not very accurate and dépends on assumptions about the sélection filter, as well as on the expected time r for a galaxy pair to merge. Rawat et al. (2008) hâve estimated the merger rate using a quite similar method than ours to pre-select galaxy pairs, i.e., within Mj(AB) < -19.5 galaxies selected in the GOODS field. They do fmd an évolution following 0.014x(l +z)2'7. For r = 0.35 and 0.5 Gyr, one calculâtes that 21 and 15% is the fraction of z = 0.65 galaxies that are expected to experiment a major merger before reaching z = 0, respectively.

Major mergers may dramatically affect the appearance and dynamical properties of galaxies. Hère we are interested in link ing distant progenitors with their local descendants, in the fol lowing we assume that the actual limit in linking past to présent Hubble sequence is realized when a galaxy is simply suppressed by being accretecl by a more massive galaxy. Hammer et al. (2009), assuming that ail objects could be modeled as a merger or a merger remnant, hâve derived the corresponding merger mass ratio (see their Fig. 6, bottom). The probability for an Mj(AB) < -20.3 to encounter a more massive galaxy is about 7%. Such a value proves the scarcing 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. Thus the chance for a galaxy to be suppressed in the local Hubble sequence by a very recent merger, would be 0.21 x 0.07, hence less than 2%.

We also hâve to account for the possibility that two MA AB) > -20.3 galaxies could merge during the past 6 Gyr and reach the local Hubble sequence of M,/(AB) < -20.3 galaxies (see top of Fig. A. 1). The probability of such events is similarly small. To illustrate this, let us assume two progenitors having the same J luminosity: only merging galaxies with Mj(AB) < -19.6 can be progenitors of an My(AB) < -20.3 galaxy atz = 0. From Fig. 2 such galaxies represent less than 20% of the My) AB) < -20.3 sample. By integrating ail possible major mergers in a sinrilar way, it leaves less than 4% of z = 0.65 galaxies that may enter the sample due to a recent major merger. We conclude that very recent mergers are unlikely to affect the link between past and présent Hubble sequences at a level over ~5%.

A.2. Effects related to stellar population évolution

Our sélection is based on the absolute 7-band magnitude thaï is often considered as a proxy for stellar mass. There is also very good correspondence between absolute fU-band and J-band magnitudes (see Sect. find that distant starbursts hâve a gas fraction averaging 31%.

This is based on assuming the Kennicutt law that links surface density of star formation rate to that of gas mass. Considering baryonie mass ', we do find that the larger amount of gas in dis tant starbursts add a shift of-0.16 dex on to Mbaryim\JLk ratio, thus compensating quite well for the stellar population évolu tion. Of course this does not mean that, for any evolutionary scheme, such a compensation may be realized as, for exam ple, Maraston et al. (2006) claim for a longer évolution of the Mstdiar!LK ratio. During my PhD thesis I hâve confronted serious problems of methodology concerning the morphological and kineniatic classification of distant galaxies. Tins lias forced us to create a new simple and effective morphological classification methodology in order to guarantee a morpho-kinematic corrélation, rnake the reproducibility easier and restrict its subjectivity. This is not the case for the rest of morphological classification proposed in the past décades. Such classification méthodologies1 suppose tliat the high iiumber of galaxies they can classify in a relative short time compensate for the errors they make in the morphological classification of a quite important fraction of galaxies. It is impudent to believe tliat methodology lias a second rôle when classifying galaxies. How could a limited methodology not affect the results?

Conclusion and Discussion

Giving the characteristic of our morphological classification, we hâve thus been able to apply the saine methodology, using équivalent observations, to local and distant galaxies.

It lias allowed us to détermine a morphological évolution of galaxies over the last 6 Gvr. Our results présent just a small statistical error bar. which could be improved by adding more galaxies to the studied samples.

Indeed. the IMAGES survey and subséquents studies, in which I participated, provide us vvitli a complété description of galaxy properties G Gyr ago (see figure 7.1). In short, this thesis lias thus allowed me to work on the morphology and kinematics of galaxies. By making a careful analysis of each galaxy, we hâve been able

to détermine the évolution of their morphology and kinematics. The conclusions are the following:

• The morphological classification method presented liere represents a very promising tool, as ( 1) it provides a strong corrélation with the kinematic 1 concerning the automated ones. stage of the galaxies, (2) it is easily reproducible, and (3) it lias a considerablv limited subjectivity. It could be easily extended to higlier redshifts when deeper and better résolution images will be available (e.g., from the ELT).

• We find that E/SO galaxy populations show no evidence of number density évolution during the past 6 Gyr, while slightly more than lialf of the distant galaxies liad peculiar morphologies. These last are associated to anomalous kinematics.

• The fraction of régulai-spirals was 2.3 tiiries lower 6 Gyr ago than in the présent epocli. This shows tliat more than lialf of the present-day spirals had peculiar morphologies, 6 Gyr ago. Unis almost ail the évolution is caused by the transformation of galaxies with peculiar morphologies into regular spiral galaxies at présent epoch.

• The number fraction of barred galaxies in the local Universe is higher than at z~0.65.

• Integrated color détermination to separate early and late type galaxies is not an adéquate tool. A similar resuit lias been found for the parametric methods indicates tliat our methodology is effective at separating spiral rotating disks from galaxies having complex kinematics and peculiar morphology. While spiral rotating disks are dynamically stable, peculiar galaxies with complex kinematics undergo chaotic internai motion.

Merger events and the baryonic Tully-Fisher relation

The previous results seeiri to favor a "spiral rebuilding" scénario ( Haimner et ai, 2005a;Haimner et al., 2009a). In tliis context, we can add the following conclusions to Haimner et ai (2009a), and Puecli et ai ( 2010):

• Analysis of the Tully-Fisher relation at z -0.65 (Flores et ai, 2006;Puech et ai, 2008Puech et ai, , 2010) are more consistent with merger processes happening at tliat time (see also Covington et al., 2010); Hammer et ai (2009a) reproduced the morphology and the kinematics of anomalous galaxies at z=0.65 assuming major merger processes, including instabilities in the remuant phase;

• The merger rate required to explain tliat half of the z=0.65 galaxies are in a merger process is in agreement with the most recent models of halo occupation (see Hopkins et ai, 2009b). This is because the whole duration of the merger process is long, and can reacli up to 2, 3 or even more Gyr;

• The comparison between the distant and the local Hubble sequences implies tliat most peculiar galaxies should be the progenitors of present-day spirals.

This is because the fraction of early-type galaxies (E/S0) does not evolve.

Hammer et ai (2009a), and Puech et ai (2010) hâve shown tliat the progen itors z ~0.6 galaxies had large enough gas fractions (>50%), implying tliat the progenitors of the assumed mergers were very gas-rich, thereby allowing a significant rebuilding of the disk of the merger remuant (see Hopkins et ai, 2009a;Stewart et ai, 2009);

• Other mechanisms such as ininor mergers or outflows are unlikelv to be dom inant because they hâve a considérable lower efficiency (see Hopkins et ai, 2008), and because their observational signatures are not detected in the galaxy spectra (Hammer et ai, 2009a).
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Conclusion and Discussion

• The non évolution of the baryonic TF relation, and the previous conclusion concerning the higher content of gas in distant galaxies, implies that such gas is gravitationally bound to the System, which suggest that galaxies evolve on average as in a close box model since z~0.65. This could explain the évolution of the stellar mass-metallicity relation reported by Rodrigues et al. (2008) (see subsection 5.4.3). This is in agreement with a "spiral rebuilding scénario" (see subsection 2.3.1). This last explains that gas-rich major mergers can expel gas, which can be later re-accreted to re-build a new disk.

• The fact that the gas is exhausted with time would unavoidablv limit star formation during the post-merger phase at lower redshift. The lack of available gas with which to forrn a new disk would naturally lead to no new disks forming with strong star formation at low redshift , as reported by Melbourne et ai (2005).

• The relative abundance of E/SO lias not changed in the past 6 Gyr, which does not imply that E/SO galaxies did not undergo mergers since then (possible dry mergers; Bell et al., 2006a). Nonetheless, it makes clear that the process of mergers favors the formation of spirals since z~0.65.

Rodriey DELGADO-SERRANO

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 régulai-, 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 & Ostriker 1992), and this might happen even at z < l (Hammer et al. 2009a).

What was the Hubble sequence 6 Gyr ago? Galaxy mor phologies strongly evolve (van den Bergh 2002Bergh , 2009;;Zheng et al. 2004;Conselice et al. 2005) towards niuch 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 duc 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 momentum 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 nearby 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 (Mouhcine 2006) and it shows an angular momentum two times lower than that of typical spirals. Observations may prove or invalidate the rebuilding disk scénario. It is well known that the gaseous content of galax ies incrcases rapidly with 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 ditficult 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, respectively.

The IMAGES study aims to identify the physical processes that link distant (z ~0.65) to local galaxies. Its sélection is limited by absolute 7-band magnitude (Mj(AB) < -20.3), a quantity relatively well linked to the mass (Yang et al. 2008, hereafter 1MAGES-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 w'ay. They find that the fraction of E/S0 lias not evolve in the last 6 Gyr, while spiral galaxies wcrc 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, ÏMAGES-1I (Neichel et al. 2008) demonstrated an excellent agreement be tween morphological and kinematical classifications. In olher w'ords, 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]/l3726; 3729 fines) is almost always linked to an anomalous morphological distribution of the stars. Altogether the above results imply that more than half of the present-day spirals had anomalous kinematics and morphologies, 6 Gyr ago.

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 (Covington et al. 2009) as well as a similar trend for the y'disk -V^m 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 defmed 3 different morpho-kinematical classes following Table 4 of Neichel et al.

(

-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 tields 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 discrepanl from rotation and a spiral morphology.

Table 1 summarises the statistics at zmcdian = 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 thaï 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 lcad to disk rebuilding. In Sect. 4, we discuss the results and conclude in Sect. 5 on the validity of the disk rebuilding scé nario. Throughout the paper, we adopt Hq = 70 km s-1 Mpc-1, £2m = 0.3, Q,\ = 0.7 and the AB magnitude System.

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), Hamrner et al. (2009b) and Pcirani et al. (2008), and four other studies of individual galaxies are in progress (Yang et al. 2009;[START_REF] Fuentes-Carrera | Determining 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 sufiiciently sensitive to detecl the infall of a 1:18 satellite in 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) pact LIRG dominated by a dust-enshrouded compact disk that surrounds a blue, centred hélix (so-callcd "two arms-plus-bar" structure). They interpret this structure (see their Fig. 7) as regulating the exchanges of the angular momentum and possibly stabilising the new' disk (Hopkins et al. 2009a). Indeed, gas inllows 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 2008;Hammer et al. 2009b) should be imprints of the gas hydrodynamics and they can be compared to the gas kinematics.

A general method to compare galaxy simulations to distant starbursts

For homogeneity, we study here the sub-sample of 33 IMAGES starbursts (see IMAGES-1) in the CDFS-GOODS. This subsample is représentative of Mj{AB) < -20.3 starbursts (see IMAGES-I). Two galaxies hâve been rejected from the origi nal sample of IMAGES-I, one (J033210. 76-274234.6) because it turns out not to be a starburst (Yang et al. 2009) and anotherone (J033250.24-274538.9) because the HST/ACS images the mass center, as expected for rotation (see Flores et al. 2006). On the right (J033238.60-274631.4) there is a slight misaligninent 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 velocity différence between the two galaxies is 540 km s~', a value based on spectroscopy.

are corrupted. We verified that this 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 shilt in the observed dispersion map (Puech et al. 2007b). Note also that one of the rotating spiral galaxies (see Fig. I,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 serni-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 wcll as the large parameter spacc offered by the simulations (mass ra tio, orbit, temporal phase, pcri-centre radius and parameters of the encounters, viewing angles). Our goal here is restricted to the following question: Can we assess both the morphological and kinematic main properties of the 26 nonfor semi-)relaxed galaxies by merger or merger remuants?

Recently, 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 allovving 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 source1 and follovv 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 sonie 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 TFU 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 quality 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 1 The ZENO simulation code was retrieved from Josh Barnes' website (http://ifa.hawaii.edu/~barnes/software.htral). The code was improved by GPU (execution 10 times faster than CPU). J033234.12-273953.5 * Quality grade of the model for the three sets of parameters (morphol ogy, velocity field and the or-map). Each one is graded from 2 (good fit) to 0 (failure). The last grade is the sum of the three previous ones.

c The final classification grade is the médian value of the three grades attributedby 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 simuitaneously 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 hypothesis. 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 lime requirements, came from our initial ex périence. For each individual detailed model (see Sect. 2.1), our initial guess for the orbit and mass ratio was close to the final result, or in other vvords, only a few changes of the latter quantifies allowed us to recover the amplitudes of the kinematical param eters as well as inost of the morphological details. It is indeed possible that the choice of the orbits by Barnes (2002) is quite représentative of a cosmological distribution of merger orbits.

Besides this, the use of 1:1 and 3:1 mass ratio also might bc 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 sigtiificantly 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 DÏRect orbit just before the first passage. This galaxy shows two peculiarities in its kinematics. First, the dynamical axis is signifîcantly offset frorn 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 srnall 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 pcricenter 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 repro duces the dynamical axis, the structure of the velocity rteld 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 [START_REF] Retzlaff | The Great Observatories Origins Deep Survey. VLT/ISAAC near-infrared imaging of the GOODS-South field[END_REF] to rcproduce.

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 fonction (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 il re mains difficulté and probably even impossible, to claim that these models arc 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 almost similar to a rotaling 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 which 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. we hâve robustly identified, including the 17 robust mergers, the 5 iso lated rotating disks (arbitrarily set at M2/MI = 0.01), the spiral galaxy in interaction and the galaxy with a satellite infall. The vertical dotted Unes represent the limit of major mergers (mass ratio between 5 and 1/5). Midclle: 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 front ACS, which corresponds to the restfrante V-band. Bottom: sanie as above but after applying the correction by Stewart (2009a) to recover the dark matter M2/MI ratio. We hâve generalised this correction factor to values of M2/M1 (stellar) different to 0.3.

disturbed dark matter comportent can be derived in such a way, especially for the minor interloper that is likely harassed during the event. Stewart (2009a) studied such configurations (sec their Fig. 2, right panel for gas-rich z = 1 galaxies), and found that the Mz/M\ stellar value ranges from 1/3 to 3/2 tintes the values for the dark matter, assuming stellar masses in the range of 10l() to 10" Mq, respectively. Figure 3 (bottom) shows the distribution of the dark matter ratio after applying the correction suggested by Stewart (2009a). The ntain 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 (see also Hopkins et al. 2008, and the discussion in Sect. 4.1).

Overall, the distribution of mass ratios seems consistent with 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 would not fit both the morphology and the dispersion peak lo cation in direct or inclined orbils. 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 very 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 outskirts (see Neichel et al. 2008): they are still fed by the late infall of the gas particles that hâve been expelled at larger radii by the collision.

Figure 4 draws an cvolutionary sequence in which ail distant starbursts can be identified as in a major merger phase and are subsequently niodelled. 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 zmcdian = 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 diffreulty 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 with 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 shows a lack of direct and rét rograde 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 veril'y 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;Govemato et al. 2009) hâve shown that within the conditions of sufticient 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 will 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, Sspr ~over more than 6 orders of magnitude in SFR (Kennicutt 1998). This empirical relation is usually explained by a model in which the SFR scales with density-dependent gravitational instabilities in the gas.

It is plausible that Zmcdian = 0.65 starbursts, including those involved in mergers, follow the same relation as local starbursts and mergers. Gaseous masses hâve been estimated by Puech et al. (2009b) by assuming that distant starbursts followed the Schmidt-Kennicutt relation. This générâtes gas surface densities that range front 10 to 250 MQ pc"2, i.e. intermediate between normal spirals and ULIRGs. Such a method has been used to dérivé the gas mass fraction of very distant galaxies (Erb et al. 2006). Because the local estimate of the gas surface density is independent of the IMF, Erb et al. (2006) noticed that by using the same Salpeter IMF adopted by Kennicutt (1998) & Chariot (2003). Note that the Salpeter IMF is the maximal g g 1/ i i i i t-o i i I i i i i 1 i i i i IMF and also violâtes the maximum disk constraints for local spirals (see e.g. Bell et al. 2003). Adoption of other IMFs (for examplc Kroupa 2002) unavoidably confions that AT.tciiar.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 bc-

tween the local values and 50%, and there is a corrélation between their stellar and gas masses. Such a corrélation may be expected as wc 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 (12%, Flynn et al. 2006) or for M 31 (5%, Carignan et al. 2006). It is approximately twice the value found by ALFALFA (Schiminovich 2008). DifFerent prescriptions for synthesis mod els or IMFs would lead to larger gas fractions in the distant sam 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 thaï 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 différent merger phases defined in Sect. 3. Therc is no spé cifie trend between the two quantifies. In the Framework of a merger scénario, this is not unexpected because it rcsults 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 stalistics (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 lhe observed stellar mass had been formed during thc merger by comparing lhe stellar population âges to lhe merger dynamical lime. This 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 = MsteUar.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 indcpendent, as our SFR es timâtes hâve been donc using the Kennicutt (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 limes 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 thc time each galaxy spends in each of the phases (see time values in Table 3). It as sumes a rotaling period time of frot = 1.2x 0.25 Gyr for a galaxy with the mass of the Milky Way (see Barnes 2002). We then scalc thc merger time with the observed baryonic mass (assum ing A7MW.baryonic = 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 7sfr 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 independent of lhe observed mass and thus of the IMF choice, since both TSfr 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 their rem uants. 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. Thcreforc most starbursts at Zmcciia» = 0.65 -those with anomalous morphologies and kinematics -are consistent with gas-rich merger phases Icading to rebuilt disks.

Our interprétation of the morpho-kinematic évolution (see Table I) 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 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 Table 3):

the scénario naturally cxplains why distant starbursts show such a large contribution of intermediate-age stars revealed by their very large Balmer absorption lines in their spectra (e.g. Hammer et al. 1997;Marcillac et al. 2006; see also Poggianti et al. 1999, for another perspective in galaxy-cluster environments). The médian baryonic mass of the sample is 0.75 times that of the Milky Way. Their progenitors should be galaxies at higher redshifts, approximately 1 Gyr earlier, i.e. at z ~0.83. At such redshifts, the large gas fractions in progenitors is not exceptional.

Accounting for the gas consumed during the merger, lhe mé dian stellar mass and gas fraction of their progenitors are 7.5 x 109 M0 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 common 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 [START_REF] Melbourne | HST Proposai[END_REF].

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 bcen 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 Zmcdian = 0.65 popu lation. Note that among these pairs, three are in phase 2, i.e. bctween 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). Anolher alternative is that dust-enshrouded clumps may ionise the gas while they cannol 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 compaetness 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.g. Rodrigues et al. 2008) of 20 IMAGES starbursts to investigate whether outfiows 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 only 3 (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 thern are relatively massive with baryonic masses in exccss of 1010 A/0. The absence of mitior 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 low'er 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 (see Hopkins 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 mitior 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?

In this paper 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 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 fus. 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 with them being a merger or their remnants. This resuit was reached using ali 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 from lhe observational point of view and from simula tions (Barnes 2002;Springel & Hemquist 2005;Hopkins et al. 2009a). Our quantitative estimâtes of gas fractions argue thaï more than a third of the galaxy population about 6 Gyr ago was sufficienty gas rich to rebuild a disk after the merger. Thus our work argues that a merger origin of the Hubble sequence, although it lias not yet becn 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 ônedian = 0.65 naturally implies that rnosl and probably ail were shaped during gas-rich mergers at earlier epochs. Thèse mergers at "médian = 0.65 generally begun 1 Gyr earlier, i.e. at z -0.835.

We may expect that a similar number of mergers had occurred a further 1 Gyr ago (from c = 0.835 to z = 1.07); then almost ail spirals may hâve been rebuilt from their Iast major merger, during the last 8 Gyr. This may apply to M 31 (Hammer et al. 2007), but the Milky Way appears quite exceptional as its properties imply a last merger only al much earlier epochs (10 to 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 lime (Hammer et al. 2007).

A considérable task is thus awaiting us. Wc 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 wûde 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 bc 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 tinte 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 sarnple 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 Shelh 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 showti by both simulations and observations (e.g. [START_REF] Toomre | The structure and évolution of normal galaxies[END_REF]Goldrcich étal. 1978Goldrcich étal. , 1979;;[START_REF] Donner | [END_REF]Tutukov & Federova 2006, and référencés therein). Adjustment of the models is clearly a central issue. The helicoidal structure found in many distant star bursts (sec examples in Fig. 2) is likely due to the central torque described by Hopkins et al. (2009a), and il 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 arc mandatory to verify this prédiction and its actual rôle.
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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 t s ? , O n l i n e M a t e r i a l p I Table 3. General properties of the 33 distant starbursts, of their progenitors whether they can be assumed to be reproduced by a major merger, as vvell as merger parameters adopted after the Notes: 1 morpho-kinematics elass following Seet. 2 and Neichel et al.: 1: rotating VF and spiral morphology; 4: non-relaxed galaxies foi' which both kinematics and morphologies are discrepant from a rotating disk; 3: other galaxies showing either a rotating VF fand a peculiar morphology) or a complex VF and a spiral morphology. 1 M2/M1 : merger mass ratio for which Ml is the mass of the observed galaxy and M2 the mass of the interloper. 3 Temporal phase: before Ist pass: 1; between lst and 2nd pass: 2; near nuclei fusion: 3; disk rebuilding: 4: rotating disk: 5.4 Merger lype/orbit: DIR: 1; INC: 2; POL: 3; RET: 4; other/unknown: 5.5 dTmerger: tinte (in Gyr) that hâve been spent by the galaxy in the merger.6 Tmerger: total duration of the merger (in Gyr). 7 (prog): gas fraction in progenitors.8 M5,eUiir (prog): average stellar mass of the progenitors.

Introduction

The stellar-mass Tully-Fisher Relation (smTFR) has received increased attention over the past decade, both at low (e.g., [START_REF] Bell | Stellar Mass-to-Light Ratios and the Tully-Fisher Relation[END_REF]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;Cresci et al. 2009).

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, deline 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 "fondamental" than the smTFR.

So far, the bTFR has been studied only in the local Universe (see Verheijen 2001;[START_REF] Bell | Stellar Mass-to-Light Ratios and the Tully-Fisher Relation[END_REF]Goruvich et al. 2004;McGaugh 2004McGaugh , 2005;;Geha et al. 2006;Noordermeer & Verheijen 2007;De Rijcke et al. 2007;Avila-Reese et al. 2008;Meyer et al. 2008;Stark et al. 2009;Trachlernach 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) law (Kennicutt 1989), which relates the gas surface and star for mation rate (SFR) densities (e.g., Erb et al. 2006;Mannucci et al. 2009). Another difficulty in establishing a reliable bTFR (or even a smTFR) at high z is that it is not always very clear whether 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 kincmatical 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 confidcntly established, for thc fîrst tirne P08 detected an évolution in zéropoint of the sm'l'FR by 0.36^^dex between s ~0.6 and z = 0.

However, z ~0.6 galaxies hâve a larger gas fraction than lheir local counterparts (i.e., {/gas> ~30% at z ~0.6-0.8), as derivcd front the évolution of the gas-metaîlicity 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 eslablish the firsl bTFR at high redshift, using the SK inversion mcthod. The paper is organized as follows: in Scct. 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. 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).

NI R photometry was derived from public images of the respective fields where galaxies were selected (i.e., CDFS, CFRS, and HDFS). Stellar masses Mstenar were estimated from steiiar/T/r 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 w ith an associated random uncertainty of 0.3 dex, and a systematic uncertainty of -0.2 dex. We note that this comparison takcs 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;Pozzelti et al. 2007) 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, lcading to evolutionary trends measured being perhaps lower than in reality. We refer the reader to P08 and its Appendix for a elearer description of our adopted method, as well as Hammer We note that the IMF used to dérivé stellar masses (i.e., the diet Salpeter IMF following Bell et al. 2003) differs from the IMF used in the next section to dérivé star formation rates (i.e., thc 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 niake no atlempt 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. total IR luminosity LlR. To couvert both L|r and L2800 into SFRs, we used the calibrations of Kennicutt (1998), 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 were not detected by MIPS.

In this case, we derived an upper limit to SFRir as a function of redshift using Fig. 9 of Le Floc'h et al. (2005). We assumed that SFRtüt is the mean of this limit and SFRuv-The corresponding uncertainty in this case is half the différence between SFRÜV and the limit to SFR)R, which infers a mean relative uncertainty of 50% for these objects (see Fig. 1 and Table 1).

Gas mass estimâtes

To estimate the mass of gas within each galaxy, we used the SK relation between SFR and gas densifies of Kennicutt (1989), which is given by Isfr = 2.5 x 10"4Sÿa4s À/3/yr/kpc2. Bouché at z = 0.24, Lah et al. (2007) performed direct HI measurements of distant galaxies, and found that there is no évolution in the relation between Hl 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 ISpr = S/r/?tota|/.n7?gaS, which was then converted into a gas density I"as using the SK law. Gas masses were derived as ML,as = Sgas x tf/îgas. The same radius /?gas, which is detined in the next section, is assumed when nonnalizing both densities, following Kennicutt (1989). Uncertainties in Mgas were derived using standard methods of error propagation (see Table 1 and Fig. 2).

It is noteworlhy 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 niasses 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. Strikingly, the sanie value is found us 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 Rodrigues et al. 2008). It is therefore very unlikcly that the gas fractions derived at z ~0.6 could be affected by any systematic efifect, 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 The médian gas fraction is found to be 31%, or = 0.45, which is represented as a thin black line.

[OII] gas radius estimâtes

To convert from density to mass, one needs to define and measure a gas radius /?gas. 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 lying in the CDFS with HST/ACS images, which is still repré sentative of the luminosity function atz ~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/ci and a PA using SExtractor (Bertin & Arnouls 1996). For each galaxy, these two parameters were used to gen- Finally, 7?|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 show's an average of 17% and a l-<x spread of 12%.

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

3. Evidence that major mergers are responsible for the large scatter in the distant TFR to decrease the estimâtes of the stellar mass in z ~0.6 galaxies, since we "maximized" thcm by adopting the Bell et al. (2003) method. The only systematic effects that could reduce the shift in zeropointare relatively insignificant (i.e., -0.06 dex), and are associated with the dérivation of rotation velocities (see P08). In P08, we found thaï the shift of the smTFR with redshift cannot be inteipreted 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 refiects 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 À'-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 <scl% that the two relations hâve identical slope and zeropoint. To test the reliability of this resuit in tenns 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 mcans that, within the sys tematic effects on the zeropoint shift identified by P08, the two relations differ significantly, w hich 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-rclaxed galaxies. This re suit was confirmed by P08, who showed that the dispersion in the distant smTFR, once restricled 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 claim 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 S = -yjo.5 x V^t + c2 that combines rotation velocity and velocity dispersion. They found that velocity dispersion is an important component 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 thaï 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 cnergy between bulk and random motions driven by interactiondriven shocks really occurs. Peirani et al. (2009) sludied 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 Vfiat = 1.48 km s-1 and stellar = 10.31 A73, 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, rcsulting 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, w'c derived S in the IMAGES sample using T,ot = TfiaI and <x = <rdisli, as defined by Puech et al. (2007a).

We show the resulting S-TFR in Fig. 3 (see right panel). Using S results in the shilling of ail RDs back onto the local smTFR, so we propose to use the local slope in ail future investiga tions. We also note that several CK galaxies lie at relatively high S compared to the bulk of the sample. These galaxies were found to hâve large rotation velocity in the conventional smTFR.

Flowcver, these galaxies do nol 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 trres = 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 5-TFR.

As one can see in the right panel of 4. Gas content of intermediate-mass galaxies

Comparison between gas and stellar extents

We show the total-light [OII] radius R\qi\\ as a function of 1 .9 limes lhe UV half-light radius /?uv in Fig. 4. For a thin exponential disk, 1.9 limes the half-light radius is equal to the optical radius of the galaxy (Persic & Salucci 1991), which provides us with a useful comparison point:. Galaxies that hâve a /?[oii| significantly lower lhan 1.9 x RVy are galaxies for which the UV lighi 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, il is clear that assuming /?|onj to be a measure of the gaseous extent would lead to undereslimating the gas mass. Therefore, we defined Rÿas = MAX(/?|oh], 1.9 x /?uv) to be a conservative measure of the gaseous extent. We note that for galaxies with non-relaxed kincmatics, this might still undereslimate the gas radius. The uncertainties correspond to the re spective uncertainties in /?|oii| or 1.9 x Ryy depending on which radius was the largesl for a given galaxy.

Most RDs (see blue dots) fall relatively close to the cquality line, which instills confidence in the estimate of/?gas 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 by young OB stars is correlated with the émission from the [OII] 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 lïnd a médian [OII]-to-U V 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 fi-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 [OII] 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. 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 fines in a large fraction of galaxies in the sample. For 2 For a thin exponential disk, this radius equals 3.2 times the disk scalelength, which defines the total stellar-light radius, and is statistically équivalent to the isophotal radius R25, see Persic & Salucci (1991).

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 fines. Among these galaxies, we found systematic shifts in only three or possibly four of them (at a -100 km s"1 level in J033224.60-274428.UJ033225. 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, lhen 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/rr 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 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 etfects. We neverlheless 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. to ease the contparison 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 with 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 velocily. 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., bootslrapping reveals that the I-ct spread of the scatter in RDs in the smTFR is -0.03 dex).

In contrast, the total scatter is found to be significantly Iarger, with 0.83 dex in the bTFR instead of 0.63 in the smTFR. We used Monte-Carlo simulations to investigate whether the Iarger 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 well as the scatter for RDs) does not increase significantly. Therefore, it appears that the bTFR has a significantly Iarger 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, which are usually more significant than random effects in the TFR (see P08 and Sect. 3). In the following, we express ail systematic uncertainties in terms of their influence on the évolution of the zeropoint of the bTFR between z -0. similar, which suggests that assuming there is no évolution in slope is a reasonable hypothesis. 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 inergers (Flores et al. 2006;Kassin et al. 2007;Puech et al. 2008;Covington cl 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 ont than the ionizing light from OB stars: we 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 produccd during these events. It is even difhcult to figure out how gas lying significantly farther ont 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.

Retuming 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 contrast, by including the gas fraction of the baryonic mass in the 2005) sample. This implies that star formation in rotating disks is mostly fed by gas that is already gravilationally 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 extemal gas accretion, at a level of up to roughly one third of the local baryonic mass. However, there is presenlly no nccd for this external gas accretion.

At higher redshifts, Cresci et al. (2009) found an évolution of 0.41 dex in the zeropoint of the smTFR between z ~2.2 and z = 0, i.e., of siinilar 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 result, we refitted the smTFR found by Cresci et al. (2009), but assumed that the local slope of référencé 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 by Cresci et al. (2009) seems to be représentative of z ~2 galaxies, at least for galaxies with stellar masses higher than ~2 x 1010 M0 (Forster Schreiber et al. 2009), they used the local relation derived by [START_REF] Bell | Stellar Mass-to-Light Ratios and the Tully-Fisher Relation[END_REF], which relies on the saniple of Verheijen (2001) that was shown to be biased toward an excess of low-mass, gas-rich galaxies by Hammer et al. (2007). In P08, we derived a local smTFR using a représenta tive subsample of the SDSS from Pizagno 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 relitting 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 [START_REF] Bell | Stellar Mass-to-Light Ratios and the Tully-Fisher Relation[END_REF] 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.

Finaily, Cresci et al. (2009) interpreted the shift of the z ~2.2 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 l'eeding 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 strongly 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/cr 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.
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Prospectives

The previous results open several interesting prospectives:

• 1.) Searching for dynarnic substructures in the core of galaxies in fusion. The inorphological analysis developed in this thesis, and observations from the HST/UDF, will allow us to trace the different inorphological signatures of the abundant merger events at z~0.65. Such inorphological properties inay allow us to understand how the System move (and evolve), as for exaniple the détection of inner spiral structures. I hâve already created a data base concerning such galaxies, similar to that created for the galaxies I studied during rny PhD, making galfit fitting in four different bands to analyze the fit and residual image of each galaxy. A new type of error map is also in perspective, which could allow us to rnake a real measure of the galfit pixel détections. Thus, the work is in progress.

• 2.) Stellar tidal streams in nearby galaxies. The détection of such streams ((e.g., [START_REF] Ibata | A giant stream of metal-rich stars in the halo of the galaxy MSI[END_REF]Martuiez-Delgado et al., 2008, 2009) will contribute to constrain the hydrodynarnical simulations, and will give us a better idea of the past merger history of the local Universe. I paticipated in tliree niglit observations at the ESO-NTT searching for such streams in six local MW like galaxies. This data is being exploited. Furthermore, one of the project that will be developed in the Panama observatory (see appendix D) concerns the study of tidal stream in local galaxies. It has been already shown (Martuiez-Delgado et al., 2008, 2009) that, with enough exposition time, it is possible to detect such structures with small diameter télescopes. However, it is necessary to develop a project which allow to do the photometry of such faint structures with small télescopes.

• 3.) Morpho-kinematic Study of higher redshift galaxies. There might be a transition epocli where the main driver for star formation shifts from cold gas streams to major mergers, around z ~0.8-1.4, since preliiriinary results at z ~1.5 suggest that cold flows were still important at this epoch [START_REF] Bournaud | Observations and modeling of a clumpy galaxy at z -1.6. Spectroscopic dues to the origin and évolution of chain galaxies[END_REF]Epinat et al., 2009, and référencés therein). Indeed, numerical sim ulations, at z^l.5, suggest that cold-gas streams from inter-galactic filaments can feed galaxies in fresh gas (e.g., [START_REF] Agertz | Disc formation and the origin of clumpy galaxies at high redshift[END_REF]Ceverino et ai, 2010), which could explain tlieir observed verv high star formation rate and clurnpiness (e.g., [START_REF] Genzel | From Rings to Bulges: Evidence for Rapid Secular Galaxy Evolution at z 2 from Intégral Field Spectroscopy in the SINS Survey[END_REF]Law et ai, 2009;Bournaud &: Elmegreen, 2009).

In this scénario, major mergers hâve a much lower duty cycle and therefore are not expected to be the main driver for star formation in z~2 galaxies (Dekel et ai, 2009), as the study of individual galaxies apparently show no signs of major merging events (Fôrster Schreiber et al., 2006;Wright et ai, 2007Wright et ai, , 2009;;Law et ai, 2007Law et ai, , 2009;;Genzel et ai, 2006Genzel et ai, , 2008)). However, what PhD thesis
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we currently know at higli redshift is siinply t.oo fragmentary to tell us exactly wliat is going on. Thus, alternatively, tliere may not be such cold flows, as the nurnber of kinematic studied galaxies at tliese redshift is still very small to hâve precised conclusions. Moreover, the inorphology of very liigh redshift galaxies lias been very difficult to exploit, because of the need of very deep data. Noteworthy, it is precisely at these epochs that the co-mobile star for mation density reaches its peak, which makes tliis range particularly valuable for further 3D-kinematic and deep morphological studies. This is the reason why we are applying to ESO witli a large program to observe a représentative sample of 120 z=ü.6-1.4 galaxies with GIRRAFFE CDD and FORS2 in the HUDF and WFC3-ERS (Early Release Science) fields (R. Delgado-Serrano:

Col). The available deep NIR imaging (i.e., rest-frame V-band) in these fields is essential to correctly image the distribution of stellar mass, an information which is currently lacking in ail 3D surveys at z^l. with Fiâmes/Giraffe lias an EW[OII]À3727 = 2A. We may take advantage of the iriuch larger sensitivity of X-SHOOTER to observe a set of émission Unes in these objects. Indeed, using the exceptionally large spectral bandwidth of X-SHOOTER, it is now possible to obtain spatiallv resolved line maps of distant galaxies, using 5 prominent émissions Unes (i.e., [OII] A3726.3729, H/3,

[OUI]A5007. Ha). These Unes are the most important tracers of the gaseous phase, which fuels star formation and disk growth in distant galaxies. As an example we hâve that for z~0.6 galaxies, under good seeing conditions (<0.8 arcsec), FLAMES can spatially résolve the [OU] émission line in 8 liours of intégration tiine in z~0.6 intermediate-inass galaxies. X-SHOOTER will roughly provide a five to six times better throughput compared with GI RAFFE at a smaller spectral resolution, which means that the saine signal-tonoise ratio will be reachable in only ~1 hours (on-source). As a resuit, within the team GTO. tliere is an on-going proposai to ESO (R. Delgado-Serrano:

Col). A longer terni prospective is the application of the morphological classification method developed here to observations with the future ELTs. Such next génération of télescopes are a very promising tool for the astronomical community, as they will improve the observation deepness in sorrie order of magnitude compared with the présent instruments.
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Rodney DELGADO-SERRANO .2: Smoot et al., 1992)(see also [START_REF] Scott | Cosmic Microwave Background Mini-Review[END_REF], for a review). Here there was then a problem to solve. Moreover, astronomers had been findiiig evidence about a disagreeinent between the mass of galaxies derived from their luininosity and that from their dynamics (e.g., [START_REF] Zwicky | On the Masses of Nebulae and of Clusters of Nebulae[END_REF]Gottesman et al.. 19831); [START_REF] Dressler | The mass of the isolated elliptical NGC 720 as determined from the dynamics of its companions[END_REF][START_REF] Ninkovic | Missing Mass and the Dynamics of the Local Group[END_REF]Rohlfs & Kreitschmann, 1988; [START_REF] Lupton | Dynamical studies of globular clusters based on photoelectric radial velocities of individual stars and on the observed mass function[END_REF] (see also [START_REF] Lynden-Bell | Mysterious mass in local group galaxies[END_REF][START_REF] Freese | Review of Observational Evidence for Dark Matter in the Universe and in upcoming searches for Dark Stars[END_REF][START_REF] Roberts | M 31 and a Brief History of Dark Matter[END_REF]Priinack, 2009, for a review)2. The mass calculated after their dynamics was rnuch bigger than the mass estimated after the total luminosity we receive from them.

Consequentlv, a logical hypothesis to emerge was the idea of the presence of a certain kind of mass we can not see, and wliicli differ in sortie characteristics from the "normal" baryonic mass 3. The non-baryonic "dark matter" was thus boni. (Crédit: NASA/WMAP Science Team; see also [START_REF] Bennett | Cosmic Microwave Background Observations: Maps and Basic Results[END_REF]. The spectrum of the CMB is well described by a blackbody function with T = 2.725K.

With the idea of the existence of dark matter, the adiabatic model becames the Hot Dark Matter (HDM) model. Within a few years, this renewed model was developed to be in agreement with the results mentioned above. The HDM model predicts, similar to the original adiabatic model, the formation of large structures at the beginning wliicli break up in smaller structures through tirne. The principal candidates for the hot dark matter are the super-massive neutrinos (e.g., [START_REF] Scherrer | Resurrecting hot dark matter -Large-seule structure from cosmic strings and massive neutnnos[END_REF][START_REF] Chungpei | Constraints on massive neutrinos as hot dark matter[END_REF][START_REF] Nieuwenhuizen | The case of 1.5 eV neutrino hot dark matter[END_REF][START_REF] Gershtein | Rest Mass of Muonic Neutrino and Cosmology[END_REF][START_REF] Cowsik | An Upper Limit on the Neutrino Rest Mass[END_REF]. Neutrinos travel with ultrarelativistic velocities, and are verv difficult to detect because of their way to interact with baryonic matter.

2Very few studies were against this idea (e.g., [START_REF] Gottesman | The barred spiral galaxy NGC 3992 -Does it hâve a massive halo[END_REF]Gottesman et al., 1983a).

3For example, it does not interact with electromagnetic radiation, neither with the ordinary matter via electromagnetic forces. Experiments predict tliat the amount of hot dark matter in the Universe would be a fevv percent5, while the cold dark matter component represents roughly 85% of the total mass (~33% of the total energy) in the Universe.

A.2

The hierarchical model

This model, also known as the isothermal model, proposes the formation of sinall structures at the beginning and tlien, by accretion of these ones, the largest structures develop. Therefore, it is an hierarchical model with a bottom-up évolution.

It was developed almost parallely to the primordial collapse model [START_REF] Peebles | Origin of the Globular Star Clusters[END_REF]Peebles, 1969b)(see also [START_REF] Rodney | Physics of Our Days: the "hot" Model of the Universe[END_REF][START_REF] Doroshkevich | The Origin of Galaxies in an Expanding Universe[END_REF], and could be seen as the opponent of it if we consider their scale évolution. Its principal idea States tliat almost each fluctuation before the Recombination could give birth to one structure. In this context, the formation of structures has begun just after the Recombination. At such an epoch, the Universe was smaller, and thus its density was a lot much higher. This implies tliat the probabilitv of objects to collide was much more important. Hence the first little objects internet and begin to forrn larger and larger structures until the formation of galaxies, galaxy clusters and so on.

Two important results of this model are the following. The first one is that it predicts that between the first baryonic objects to be formed sonie of them hâve sizes roughly similar to the known globular clusters. Curiously enough, these last are also known to be amongst the oldest objects in the Universe. The second resuit is tliat this model eau explain very well the fast métal increase of the Universe by the action of the first massive stars, or more exactly by the explosion of these ones 4There are also other combinations giving for exam])le a ACHDM model (e.g., [START_REF] Popa | Cosmological Parameter Détermination from Planck and Sloan Digital Sky Survey Data in A Coldi Mot Dark Matter Cosrnologies[END_REF], which includes a cosmological constant different from 0, or even we could also hâve a Warm DM model (e.g., [START_REF] Acedo | A WDM model for the évolution of galactic halos[END_REF][START_REF] Tikhonov | The sizes of minivoids in the local Universe: an argument in favour of a warm dark matter model[END_REF](see Primack T Gross, 2001, for a review).

5some experiments even predict an amount of IIDM which could be unmeasurable.
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Rodney DELGADO-SERRANO the parameters that lead to the better agreernent with the existing data on both large and small length scales, tlie more accepted, adopted by a large part of the scientifie community, is the ACDM model (see figure A.6. and also see figure A.7 for a 3D visualization). It is described below. model. In some cases, tliis model is also called the standard cosmological model, which should not be confused with the standard CDM model mentioned above.

Therefore, the évolution history of our Universe through the ACDM model could be summarized as follows.

After the Big-Bang, we hâve, in principle, four main epochs. First, the inflationary epoch [START_REF] Rodney | Inflationary universe: A possible solution to the horizon and flatness problems[END_REF][START_REF] Linde | A new inflationary universe scénario: A possible solution of the hori zon, flatness, homogeneity, isotropy and primordial monopole problems[END_REF][START_REF] Albrecht | Reheating an inflationary universe[END_REF]Gutli, 1986),

where the seed density perturbations, which are responsible for the formation of the cosmic structures and ail the properties of the Universe we see today, take place. Second, the radiation dominated era, during which the formation of the atomic nuclei ("nucleosynthesis", see below) take place. Third, the matter dominated era, wliere the recombination, the decoupling, and, the formation of larger structures, in that order, take place. Finally, we would be, eventually, A.) (see also [START_REF] Linde | Inflationary Cosmology[END_REF].

Tliis is how the radiation dominated era begins. Given the fact that Einstein energy-matter relation (E-me2) allows us to go from matter to energy, and vice versa, the name of "radiation-dominated" only refers to the idea of a relativistic matter domination. During tliis epoch, the constituent particles (e.g., photons of light or neutrinos) travel at or near to the speed of light. However, it does not mean there is no other constituent. The Friedrnanri équation shows that the principal quantity that governs the expansion rate of the Universe is the density of the different material wliich dominate it in a spécifie epoch. In such a case, the total energy density of relativistic particles dominate, in a large range, over the baryon, dark matter, and dark energy densities. Nevertheless, as the Universe expands, tliis tendency changes. In any case, even tliough by the end of the radiation-dominated era only photons and neutrinos were relativistic, in the earlier moments the Universe was hotter and its ambient energy was thus higher, which could allow other particles to be also relativistic. It is during tliis epoch where the atomic nuclei of hydrogen and helium-4 are formed9 in a process called nucleosynthesis [START_REF] Gamow | Expanding Universe and the Origin of Eléments[END_REF][START_REF] Alpher | The Origin of Chemical Eléments[END_REF], see also figure A.9).

9in less amount, atomic nuclei of deuterium, helium-3, and lithium-7 are also formed. The vertical red line indicates a strong interprétation of the observational data (for more details see [START_REF] Schramm | Big-bang nucleosynthesis enters the précision era[END_REF][START_REF] Copi | Big-Bang Nucleosynthesis and the Baryon Density of the Universe[END_REF].

As the Universe continues its expansion, it becomes coder and bigger, vvith the density of relativistic particles dropping faster than non-relativistic particles density. When the non-relativistic particles (principally, cold dark matter) took over, a long matter-dominated era began. and extending roughly until half of the présent âge of the Universe. Recornbination, decoupling and reionization are key events of tins era. The first makes reference to the process when électrons bind to the atomic nuclei formed during nucleosynthesis. Hence, the Universe becorne gradually populated by atoms, more and more neutral. This phenomena combined to the expansion10 makes the interaction between photons and matter particles negligible, and thus the Universe becomes transparent to radiation. This is the so called decoupling. Before these two process (recombination and decoupling), the compétition between gravity, expansion and radiation pressure induces acoustic fluctuations in the primordial plasma that stop matter over-densities to grow.

However, after these two processes, matter over-densities are amplified by gravity 10the expansion of the Universe decreases the photon energies and the particle densities. The Finally, the other key event during the matter-dominated era that lias been mentioned above is the reionization. This one refers to the formation of the first, massive stars and their supernova explosions, bv wliich considérable amounts of energy are release into the intergalactic medium causing the dissociation of électrons from their atoinic nuclei and ionizating the Universe again. Quasars and active galactic nuclei also contribute to this process, which take place at a redshift value of approximatly ten. After tliis, the formation of structures continues by the influence of gravity, and the Universe arrives to a period wliere the dark energy dominâtes, causing the accélération of the Universe expansion [START_REF] Riess | Observational Evidence from Supernovae for an Accelerating Universe and a Cosmological Constant[END_REF][START_REF] Phd | Measurements of Oméga and Lambda from 42 High-Redshift Supernovae[END_REF][START_REF] Rodney | Evidence of the accelerated expansion of the Universe frorn weak lensing tomography with COS MOS[END_REF] matrix from one pixel to the other, taking into account that eacli pixel could react diferently compared to the ot.hers to a photon arrivai, as well as soirie of them could be dead (with no response at ail). The flatfield image can be obtained inaking ail exposure of a diffuse light source, which is considered to be perfectly uniform.

Then, if, for a pixel z, the bias is noted B,;, the thermal background noise Tj within an exposure tirne t^, the dark D, is defined as, 

B.l Filters and photometric calibration

The principal rôle of a filter is to allow a précisé vision of the observed object in a spécifie wavelength. Then, by combining the images obtained using different (wavelength) filters, we could hâve a better understanding of the object. However, ail the filters do not hâve the saine response, and tins must be taken into account The photornetric calibration lies in finding the relationship between the number of élections detected at each sensor cell. and the luminosity corresponding to each pixel of the image. In astrophysics, it is common to express the luminosity of an object in magnitude, which is a logarithmic unit that allows to work with a wide range of scales. Moreover, the total luminosity of an astrophysical object eau be calculated only if one knows its distance2, which poses sonie observational problems. Thus, the magnitudes are not calculated frorn the luminosity, but from the observed flux, which corresponds to the luminosity received per unit area of of the magnitude System (see below). Rather than calculating theoretically the zéro point value, it is more reasonable to take images of reference stars which one already knows the apparent magnitude. It must be stressed that, the image of the reference star must be achieved through the saine filter as the image we want to calibrate. In addition, we must take into account the atmospheric absorption différence between the image to be calibrated and the reference image. Indeed, the atmospheric absorption is directly proportional to the height (called "airmass") of the observed objects, so to the lengtli of atmosphère that lias been crossed (bv projection, it is smaller at the zénith than at the horizon). It is unusual that the image to be calibrated and the reference image are taken at the saine height. The magnitude Systems 209 wavelengths, rallier than coinparing the response curves of the filters.

As a resuit, an object magnitude through a given filter is defined as rn = srTw-hWd\\ f0°°T(\)-Bd\) -2,5

, f.lTT(1') ' SAv)di>\ °9\ f"T(v) f'Jdv ) (B.5) where A is the wavelength of the received light, y its frequency, fA(A) or îv(v) the monochromatic flux3, T(A) or T(//) the response curve of the used filter, and f\ or fv ^1G monochromatic flux of reference.

In here, the observed monochromatic flux iriust be expressed in the sanie units than the reference one, and it is this last which defines the magnitude System.

Eveil if équation B.5 cornes from a different technique (i.e., the spectroscopy) to measure the inonochromatic flux, rather than the photometry, in both cases there are two different Systems to express the magnitude of an object. These are the Vega System and the AB System.

The Vega System is the more ancient, and it is based on the measure of the magnitude of the star Vega (a Lyrae)4 which is consider as equal to 0. The Vega System thus uses this définition for any employed filter, taking the respective Vega star magnitude (or the monochromatic flux in équation B.5) as the reference.

Differently to the Vega System, the AB System [START_REF] Oke | Absolute Spectral Energy Distributions for White Dwarfs[END_REF] does not dépend on the observation of a particular object. The AB System is defined by having a constant monochromatic flux as reference expressed per frequency unit as follow 5: 

C.2

The kinematic analysis using GIRAFFE This is a topic well developed by [START_REF] Puech | Contraintes apportées par la spectroscopie intégrale de champ à la for mation et à Tévolution des galaxies[END_REF][START_REF] Neichel | Etude des galaxies lointaines et optiques adaptatives tomographiques pour les ELTs[END_REF]. However, during my tliesis I also had the opportunity to make the kinematic analysis of 15 galaxies using ail the observed lines in each galaxy spectrum, and not just the 0[II]À3727 line. The procedure is the following.

First, we must accentuate that the spécial size of the pixel in the GIRAFFE IFU rnakes the width of the detected lines to be the resuit not onlv of the random movements of gas particles, but the product of the convolution between tliern and the tidv movements at larger scales (for example, the rotation in the case of spiral galaxies; Puech et al., 2008). Thanks to the résolution of FLAME/GIRAFFE (R~9 000), we can deblend the 0[II] doublet (see figure 5.5) for galaxies having Rodney DELGADO-SERRANO PhD tliesis a uniform movement (RD; see Puech et ai, 2008;Yang et al., 2008;Flores et al., 2006). If the convolution of large and small scale motions beconie inore important, even with the liigh résolution of FLAMES/GIRAFFE, the Unes are blended.

Such cases are related to the signature of perturbed movements inside the galaxy [START_REF] Puech | Contraintes apportées par la spectroscopie intégrale de champ à la for mation et à Tévolution des galaxies[END_REF], and makes impossible to calculate a barycenter for each line of the doublet. In kinematic studies of local galaxies, only those spatial pixels with S/N (signal to noise ratio) > 3.0 are taken into account (Flores et al., 2006). In those studies the S/N is defined as the ratio between the barycenter flux and the pseudo-continuum noise. As a resuit of the facts cited in the above phrases of tins paragraph, a such S/N définition would severely under-estimate the signal to noise ratio in our case because of the trough separating the two fines of the

[OU] doublet. We hâve lience chosen to define the signal to noise ratio as the total flux in the doublet normalized by the root rriean square déviation of the pseudo-continuum (noise) surrounding the doublet. We then normalized again this S/N by the number of spectral résolution éléments (N), over which the doublet y~>jv S'

[OUj émission fine is spread, to obtain the mean S/N ratio: < S/N > =

where Si is the signal in the pixel i and <7 is the dispersion of the noise in the continuum of the spectra. For simplicity, we call this 11 < S/N >" simply "spectral S/N" or even "S/N". We fit the OJII] doublet with a double Gaussian function satisfying the following eonstraints: distance between the fines = 2.783 (X\ -À2 = 2.783 at rest), saine FWHM for botfi fines (<Ti = <72), and ratio between the two fines of the PhD tliesis Rodnev DELGADO-SERRANO spectroscopy doublet free (see figures 5.5 and C.2). Therefore, the resuit from the fitting gives us the doublet position, the common FWHM, and the line ratio. In the case the fitting fails, we set the line ratio equal to 1.4, which is the médian value observed in the integrated spectra (Puech et al., 2006b;Weiner et al.. 2006)(R(3729/3727) = 1.4 is also a good approximation for the maximum line ratio in gas régions, as estimated from [START_REF] Osterbrock | Astrophysics of gaseous nebulae and active galactic nuclei[END_REF]; see more details in Puech et al.

(2006a) and référencés therein)1. This fitting failure is caused either by the low S/N, or by the difficulty to de-blend the [OII| doublet in some complex Systems.

It affects only ~10-15% of the measured pixels and thus cannot significantly alter our conclusions (Flores et al., 2006;Yang et al., 2008). In eacli case, we hâve checked by eye if the derived fit was acceptable. In some cases, we found blended

[OII] spectra, in spite of the relatively higli spectral resolution (R ~10 000). This effect is indépendant of the S/N and is tlius not an instrumental/observational artefact [START_REF] Puech | Contraintes apportées par la spectroscopie intégrale de champ à la for mation et à Tévolution des galaxies[END_REF]. This could be due to high local velocity gradients, multiple structures in the velocity field and/or high local extinction. Blended doublets are présent in most of the complex kinematic Systems, rather than in the more regular ones (rotating disks and perturbed rotation) (Flores et ai, 2006;Yang et al., 2008).

Then, after interactively fitting the spectrum coming from each IFU pixel (see 1Ot,her works concerning the [OU] line ratio are présentée! by Ivingsburgh & [START_REF] Kingsburgh | Distances for galactic planetary nebulae using rnean forbidden O II doublet ratio électron densities[END_REF] and [START_REF] Barlow | The détermination of the masses of Magellanic Cloud planetary nebulae using forbidden O II doublet ratio électron densities[END_REF].

Rodney DELGADO-SERRANO PhD thesis In short, following the above procedure, I constructed 3 dimension data-cubes (see figure C.3) using ail the observed émission fines in each galaxy spectrum with and without background subtraction. For this, an IDL procedure lias been implemented. Subsequently, from these data-cubes, the velocity fields, sigma-maps and S/N maps hâve been build also using IDL procedures that follow the définitions and explanations detailed before.

C.3 Some preliminary results

From the sample of 15 galaxies, 12 of them are kinematically exploitable. They The Projects

The first projects to be developed witli our first génération of instruments are tlie following:

• 1. Imagery and photometry of tidal strearn in nearby galaxies (see prospec tive 2 in chapter 7).

• 2. Follow-up of lunar events: to the hunt of lunar flashes. It is an inter national project integrated by different observatories (see figure D.3) to track meteoroid impacts on the rrioon. Its principal scientific issues are, for example, to dérivé the arnount of kinetic energy being radiated and the fraction being transmitted through seismic energy at eacli impact, as well as measuring the crater dimensions in function of the produced flash. This data will be very important in order to be compared with the information that lias been and will be obtained by different missions on the moon (measurements "in situ" with spectrometers, magnetometers, seismic detectors, gravimeters, etc.). Undoubtedly, any other project and/or collaboration is happily welcome.

A long (but not so long) terni project is the installation of an observatory, hosting a bigger (at least 1 m diameter) telescope. at an altitude higher than 1300 ni in Panama, and having an automatic control System. The Evolution of the Hubble Sequence: morpho-kinematics of distant galaxies a reliable view of the distant Hubble sequence, and its évolution over the past 6 Gvr.

To achieve this goal, we hâve created a new morphological classification method which

(1) includes ail the available observational data, ( 2) can be easily reproduced, and ( 3)

présents a negligible subjectivity. This method allows us to study homogeneously the morphology of local and distant galaxies, and lias the main advantage of presenting a good corrélation between the morphological type and dynamical State of each galaxy.

The first step lias been to study the évolution of galaxies using the IMAGES survey. This survey allowed us to establish the kinematic State of distant galaxies, to study the Chemical évolution of galaxies over the past 8 Gyr, and to test important dynamical relations such as the Tully-Fisher relation. Kinematics is, indeed, a crucial information needed to guarantee a robust understanding of the different physical processes leading to the présent day Hubble sequence. Using Intégral Field Spectroscopy, which provides a complété kinematic diagnosis, we hâve been able to test our new morphological classification against the kinematic State of each galaxy. We found that the morpho-kinematic corrélation is much better using our classification than other morphological classifications. Applying our classification to a représentative saniple of galaxies at s ~0.6, we found that 4/5 of spiral galaxies are rotating disks, while more than 4/5 peculiar galaxies are not in a dynamical equilibrium.

Applying our morphological classification to a représentative sample of both local and distant galaxies, having équivalent observational data, we obtained a Hubble sequence both in the local and distant Uni verse. We found that spiral galaxies were 5/2 times less abundant in the past, which is compensated exactly by the strong decrease by a factor 5 of peculiar galaxies, while the fraction number of elliptical and lentieular galaxies remains constant. It strongly suggests that more than half of the present-day spirals had peculiar morphologies, 6 Gyr ago.

Finally, I présent further studies concerning the history of individual galaxies at 2 < 1, combining kinematic and morphological observations. I also présent the first everestimated distant baryonic Tully-Fisher relation, which does not appear to evolve over the past 6 Gyr. In the coming years, our morphological classification and these studies will be extended to galaxies at 2 >> 1, thanks to the future ELTs.

Keywords: Galaxy Formation and Evolution -Galaxy Morphology and kinematics.

Abstract: The main objective of my thesis was to provide us, for the first time, with
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 11 Figure 1.1: Top: plot showing the Universe évolution scénario (see details in appendix A). Buttom: an artistic view of the Universe history, from the Big-Bang, through the inflation and t he émission of the présent Cosmic Microwave Background
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 14 Figure 1.4: Comparison of galaxy redshift distribution between simulations (in red)
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 15 Figure 1.5: Left: Comparison between the température anisotropy power spectrum derived from the ACDM model and values from WMAP5, BOOMERANG and
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 1617 Figure 1.6: The différence in depth of images of the same object could irnply a different morphological classification. As an example, I show liere the same galaxy image frorn the SDSS. Only by playing with the contrast, we could think they are two different galaxies.

  types galaxies (spirals). The final Hubble sequence thus consisted of four galaxy 10n-1.2.....7 indicates the ellipticity of the galaxy 11B identifies a spiral galaxy with a bar in the center 12in his book The Realm of the Nebulne PhD thesis Rodney DELGADO-SERRANC)
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 19 Figure 1.9: This is "The Sequence of Nebular Types" diagram published bv Hubble
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 110 Figure 1.10: This is "The Sequence of Nebular Types" diagram published by de Vaucouleurs in 1959 as part ol' his article Classification and Morphology of Extern al Galaxies.
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 113 Figure 1.13: Images of NGC 300. Left: band blue (À = 440 mu) from dss. Middle: band red (A = 640 nm) from dss. Right: color image from the Wide-Field Imager (WFI) on the MPG/ESO 2.2-m telescope at the La Silla Observatory (Image Crédit: ESO).
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 114 Figure 1.14: Images of NGC 1300. Left: band blue (A = 440 nm) from dss. Middle: band red (A = 640 nm) from dss. Right: color image from HST/WFPC2 (Image Crédit: NASA, ES A, The Hubble Heritage Team -STScI/AURA. Acknowledgment: P. Knezek -WIYN).
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 21 Figure 2.1: Redshift évolution of the red-sequence luminosity function, in straight line, fromBell et al. (2004b). Here, we notice the increasing faint end froni z~l to z~0.25. For comparison thev plot, in dotted line, the LF of a local sample they select from the SDSS EDR (Early Data Release,Stoughton et al., 2002).
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 22 Figure 2.2: Color contamination from Bell et al. (2004a). Tins figure shows the morphological types of galaxies as a function of their rest-frame V-band absolute magnitude and U-V color over the last half of the cosmic history. Blue open circles
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 23 Figure 2.3: Schematic scénario of two bar épisodes, and the corresponding phases
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 25 Figure 2.5: Major merger simulation from Robertson et al. (2006).
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 26 Figure 2.6: Illustration of the spiral rebuilding scénario.
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  a. )Peirani et al. (2009) simulated a giant and star-bursting bar induced by a 3:1 merger, and reproduced botli the morphology and kineinatics of the observed galaxy.b. )Yang et al. (2009) showed that a giant disk with two embedded cores resuit s
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 32 Figure 3.2: Expected distribution of the different morphologies within the Asymmetry (A) vs central Concentration (C) plane.
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 33 Figure 3.3: Distribution of a galaxy sample in the A-C plane froin Abraham et al. (1996b). Their plot symbols and colors correspond to the visual classification by an expert (Sidney van den Bergh). Symbols are as follows: compact, SO and elliptical galaxies are shown as red ellipses; spiral galaxies are shown using blue spiral symbols; and galaxies classified as irregular, peculiar, or mergers are shown as blue asterisks.
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 34 Figure 3.4: Top: Expected distribution of the different morphologies within the Gini (G) vs M20 plane. Boltom: Distribution ofa local galaxy sample in the G-M20
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 36 Figure 3.6: Example of color maps from Zheng et al. (2005).
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 41 Figure 4.1: SDSS 3-dimensional map of the galaxy redshift distribution. Each point represents a galaxy, and colors are according to the âges of the galaxy stars (with the redder points showing galaxies that are made of older stars.). Botli slices contain ail galaxies within -1.25 and 1.25 degrees déclination. (Crédit: M. Blanton and the Sloan Digital Sky Survev.)
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 42 Figure 4.2: Distribution of galaxies in the M(Bab) ~z plan from Brinchniann et al. (1998). As it can be noticed in the histograms at the right-bottoin, the fraction
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 51 Figure 5.1: SFR évolution with redshift showed by Le Floc'h et al. (2005)Le Floc'h et al. (2005).
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 52 Figure 5.2: Top\ TFR scatter at high redshift frorn Conselice et al. (2005b). Bottom (frorn left to right): 1.) TFR scatter in the local Universe frorn Verheijen
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 53 Figure 5.3: Détection of anomalous rotating curves in local galaxies by Kannappan et al.(2002). We can see the waves in the part corresponding to the "plateau" of
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 54 Figure 5.4: Rotating curves obtained by[START_REF] Vogt | Optical Rotation Curves of Distant Field Galaxies: Keck Results at Reshifts to Z approximately 1[END_REF]. One coiumn shows the spectroscopic long-slit arrangement overplotted on the galaxy image, while the other coiumn shows the respective rotating curves.
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 55 Figure 5.5: Measurement of the line wavelength and its full width at lialf maximum (FWHM) using the GIRAFFE line analysis interface.
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 57 Figure 5.7: Instruments used by IMAGES and the related observed quantities.
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 58 Figure 5.8: Right: schematic view of the CDF-S (Chandra Deep Field -South) amongst other surveys. Left: a zoom of the HST/ACS observation.
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 510 Figure 5.10: Nurnber couiits (in logarithmic scale) of selected galaxies versus AB absolute magnitude in J-band. In tins figure, tlie GTO sample refers to Flores et al. (2000); the IMAGES sample refers to this paper. The vertical dotted line indicates the lirait of the IMAGES program. Two luminosity functions derived from Pozzetti et al. (2003) are shown (full line: z = 0.5; dashed line: z = 1). The galaxies of IMAGES sample hâve redshifts ranging from z = 0.4 to z = 0.75. This implies

B

  .Neichel et al.: IMAGES. 11. 

  this context, we are pursuing an ESO Large Program us ing the intégral field capability of G1RAFFE (LP: IMAGES) to gather a complété and représentative sample of velocity fields and dispersion maps of intermediate-mass galaxies at intermediate redshift. Galaxies are selected in different fields by their absolutc J band magnitude (My(AB) < -20.3 -see Ravikumar et al. 2007, for more details). A first part of this sam ple was observcd during the FLAMES/GIRAFFE guaranteed lime and is described in Flores et al. (2006), Puech et al. (2006a), Puech et al. (2006b), and Puech et al. (2007). The other part was observed in the frame of the large program IMAGES and is de scribed in Yang et al. (2007, hereafter Paper I). Based on this unique sample, Flores et al. (2006) and Paper I hâve developed a robust classification scheme to divide the sample into three dis tinct classes based on dynamical characteristics. Paper I finds that the whole sample can be distributed between these three kinematical classes because 43 ± 12% of the galaxies hâve com plex kinematics, 25 ± 12% hâve perturbcd rotation, and only 32 ± 12% are consistent with pure rotation. Interestingly, ob jects supported by pure rotation ail lie in the local Tully-Fisher relation (Puech et al. 2008 -hereafter Paper III), whereas ob jects identified as having perturbcd or complex kinematics possess dynamical properties (spécifie angular momentum, V/cr)

  the first part of this paper, we try to understand to what extent the morphologieal appearance of a galaxy reflects the underlying dynamical State. By combining the high-resolution, multi-band HST imaging with the 3D spectroscopy, we ex plore whether a corrélation between morphology and kinematics exists, like in the local universe. After describing the sample in Sect. 2, we présent our dérivation of a morphologieal classifica tion of the sample in Sect. 3 and compare this classification with the kinematical classification in Sect. 4. In Sect. 5 we compare the morphologieal method developed in this paper with automatic morphologieal elassifiers. This morpho-kinematical anal ysis will lead us to focus on one spécifie group: the rotating spiral disks. In Sect. 6, we discuss the properties of these objects that dynamically and morphologically correspond to the local class of rotating spirals. In this paper we adopt the "Concordance" cosmological parameters of Hq = 70 km s-1 Mpc~\ Hm = 0.3 and Q,\ = 0.7. Magnitudes are given in the AB-system.

  served with the intégral field units of FLAMES/GIRAFFE on the ESO-VLT. This data set cornes from Paper I, and it com bines theFlores et al. (2006) sample with the IMAGES large program sample, using the same sélection criteria: My(AB) < -20.3 and £W([OII]) > 15 Â. TheFlores et al. (2006) sam ple includes 28 galaxies. Originally, spectra from the CFRS(Hammer et al. 1997) and from FORSl and FORS2 data for the HDFS(Vanzella et al. 2002;Rigopoulou et al. 2005) were used to select galaxies with the [OII] émission fines detected. This first run of observations demonstrates that the FLAMES/GIRAFFE instrument was able to detect ail galax ies with £W([OII]) > 15 Â and /ab < 23.5 after 8 to 13 h of intégration time (seeFlores et al. 2006, for more details). In the préparation of the IMAGES large program,Ravikumar et al. (2007) obtained spectra of 580 galaxies in the GOODS-South field from VIMOS observations. From this catalog, combined with VVDS (Vimos VLT Deep Survey, LeFèvre et al. 2004) and FORS2(Vanzella et al. 2006) spectroscopic data,Ravikumar et al. (2007) were able to draw a repré sentative sample of 640 galaxies at z < 1 with /ab < 23.5. They show that, within the redshift range of 0.4 < z < 0.75, /ab < 23.5 galaxies include almost ail intermediate-mass galaxies (e.g. at least 95% of Mj{AB) < -20.3 galaxies). The 35 galaxies of Paper I corne from this sample.TheFlores et al. (2006) sample and the IMAGES sample are merged by applying the Mj(AB) < -20.3 and £W([OII]) > 15 Â sélection criteria. This merged sample of 63 galaxies is repré sentative of the luminosity function in the z = 0.4-0.75 range, with a confidence level >99.99% (see Fig. 1 in Paper I).

2. 1 .

 1 Kinematic observations A first part of the original sample (28 objects) was observed during FLAMES/GIRAFFE guaranteed time (ESO runs 07LB-0322(A), 072.A-0169(A), and 75.B-0109(A)). The other part (35 objects) was observed in the frame of the large pro gram IMAGES (ESO run 174.B-0328 -PI: Hammer). The [OII]/M3726, 3729 doublet was used to dérivé both velocity fields and velocity dispersion maps. These maps were used to (livide the sample into three distinct classes based on their dynamical characteristics:

fields: 13

 13 objects in the 03h field, 6 objects in the 22h one. As mentioned above, the CFRS was only partially observed by HST and only low-resolulion, ground-based images (taken at CFHT. 0.2"/pix, Schadc et al. 1996) are available for 4 objects in the 22h field and 1 in the 03h. We do not include these objects in the working sample, as low-resolution data could lead to mor phological misidentifications. The 2 remaining objects in the 22h field only hâve F814W images and are also not included in the working sample. The 12 remaining objects located in the 03h hâve either F606W and/or F450W images in addition to the F8J4W images and are included in the working sample (typical exposure time ~6400 s). Finally, it is noteworthy that one object (CFRS031032) in the Ü3h field has been observed with ACS (F8J4W and F555W filters -ü.05"/pix) during a gravitational lense program (Prop. 9744 -PI:C. Kochanek).

Fig. 1 .

 1 Fig.1. FS50LP image, Galfit modcl image, residual image. For these two objects (J033237.54-274848.9 on the left and 1033214.97-275005.5 on the right), the software gives a similar confidence level in the fitting process (y2 = 1.4). For J033237.54-274848.9 (left), the y1 is high due to spiral arms, whereas it is due to the two clumps îoeated southeast of the center for J033214.97-275005.5 (right).

3 and 4

 34 for examplcs). These maps were constructcd by combining three flux-weighted band images (B -V -z or B -V -I

  the obvions merging/interacting Systems, i.e., objects showing tidal tails, multiple cores, two components, etc.

Fig. 4 .

 4 Fig. 4. B -V -z color images of six galaxies représentative of the six morphological classes used in this study. From top to bottom and left to right: spiral disks, Peculiar/Irregular, Peculiar/Tadpole, Peculiar/Merger, compact galaxies, and major mergers.

Fig. 3 .

 3 Fig. 3. B -V -z color images of nine galaxies selected in the CDFS sample with B/T< 0.4. The three galaxies in the first column are classified as spiral disks, those in tlie second column are Peculiar/lrregulars, and those in the third column are Peculiar/Tadpoles.

Fig. 5 .

 5 Fig. 5. Comparison between the morphological classification and the kinematical classification. Morphological classes are quoted in the bottom of X-coordinate, kinematical classes in F-coordinate. RD refers to rotating disks, PR to perturbed rotations and CK to complex kinematics.

Fig. 6 .

 6 Fig. 6. top: log(,4) -log(C) diagram. Bottom: Gini-M20 diagram.

Fig. 3 ,Fig. 7 .

 37 Fig.3, they are clearly inconsistent with our spiral disk criterion. It could be then difticult to define a criteria to isolate the spiral disks from other morphological types. As an example, we add the limits defined inAbraham et al. (1996) andLotz et al. (2008) in both diagrams. These limits hâve been calibrated on lo cal samples and are generallv used to distinguish three or more

  . Around half of these objects hâve B/T < 0.1 consistent with Sc type or later, and the other half are in the range 0.1 < B/T < 0.2, consistent with Sb type.

  CDFS) and V606 -/«I4 (for CFRS and HDFS) observed colors al different redshift. The 3 spectral template are (i) an instantaneous burst corresponding to elliptical type objects; (ii) an exponentially decaying star formation rate {SFR) with e-folding time scale of IGyr, corresponding to S0 like objects; (iii) an exponentially decaying SFR with e-folding time scale of 7 Gyr, corresponding to late type like object. Ail these models assume a solar metallicity and an epoch of formation at z = 5. We also compute the theoretical color of a young starburst assuming a power law spectrum Lv oc tT1 and add the évolution curve of an Sbc galaxy from Benitez et al. (2004) templates. Figure8shows these évolution curves, as well as the integrated color of each galaxy. For comparison, we include ail the morphological classes.

Fig. 8 .

 8 Fig. 8. #435 -eS5o (top) and -/814 (bottom) observed color as a function of redshift. Three solar metallicity, beginning their évolution at z -5 galaxy niodels, inciuding an elliptical galaxy (single burstfilled red curve), SO galaxy (r = 1 Gyr -orange dotted line), and late type galaxy (r = 7 Gyr -blue dotted line) are plotted for coniparison. A young starburst (assuming Ll oc e"1 -cyan dotted line) is also plotted. Different morphological classes are represented by blue circles for spi ral disks, green squares for peculiars, black diamonds for compacts, and red triangles for mergers. The mean error for #435 -Zsso plot is 0.03 mag (0.01 mag for Vu» ~Asm respectively), much smaller than the symbol size.

Fig. 10 .

 10 Fig.10. Top: three color images of three rotating spiral disks for which we hâve identified the star-hursting régions (B -z < 1 or V -/ < 0.4).

(

  1998) calibration based on the rest frame 2800 Â and the SFR\r from Spitzer observations. To dérivé the SFRir we used the 24 fim MIPS data. Al z ~0.6, this llux roughly corresponds to the rest-frame 15 pm flux so we can use the Chary & Elbaz cali bration to dérivé the total IR luminosity, and then use the classical Kennicutt calibration to dérivé the SFR\R. Although the SFR

  . A low fraction of rotating spiral disks atz~0.6

  uncertainties. However, each of the 4 different fields taken independently give the same distribution in morphological as in kinematical numbers. A simple y1 lesl between the different fields confions this trend. Moreover, the sample follows the luminosity function in the z = 0.4-0.75 range (see Fig.1in Paper I). This

  7.1). Based on their morphology, kinematics, and color distribution, the rotating spiral disks identified in this paper share many properties with local spirals. They ail show regular patterns, with a red central bulge surrounded by a blue disk, and ail hâve integrated colors between lhe late type and Sbc models.

  creasing mass-doubling time from the center to the edge, which suggests an inside-out disk growth; however, this conclusion is severely dépendent on the assumption that IR light follows the UV light, which is difficult to verify given the limited spatial res olution of Spitzer. An independent argument is provided by their location along the Tully Fisher relation (TFR, see Paper III).They delineate a TFR that is 0.34 dex shifted towards lower stel lar masses than are local spirals. This is in remarkable agreement with the évolution of lhe stellar mass metallicity (0.3 dex on M-Z,Liang et al. 2006). It may mean that the rotating spi ral disks hâve to double their stellar masses to reach the local TFR and the M-Z relationship. Combined with the rapid for mation of their stellar disks prior to their redshift epochs and w ith the fact that they show rccent starbursts in their outskirts, it seems likely that their stellar disks are still growing inside-out (and their BfTvalues are decaying) during the 6 Gyr elapsed time since z = 0.6. Such a conclusion is also in good agreement w'ith results fromTrujillo et al. (2005).

h

  Bulge fraction derived front Gallit. c Quality factor: I = secure; 2 = possibly secure; 3 = fit failcd or unrcliablc. rl Morphological galaxy type: Sp = Spiral Disk; Pec/Irr = Pecuîiar-Iregular; Pec/T = Peculiar-Tadpole. Pec/M -Peculiar-Merger; C = Compact; M = Merger. e Half-light Radius (kpc). 1 Disk radius (kpc) derived front Galfit. 0 Kinematical type: RD = Rotating Disk; PR = Perturbed rotation; CK = Coinplex kinematics.

Fig. 12 .

 12 Fig. 12. F850LP/F8I4W image, color map. Exploitations are given at the end of this figure. Rotating spiral disks aie marked with an asterisk near their naine.

Fig. 12

 12 Fig. 12. continuée!

  growing consensus that most of the décliné of starformation density since z = l is relatcd to the strong évo lution in the intermediate-mass galaxy population, with MsK\ from 1.5 to 15 x 1010 M0(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 Galaxy 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 morphokinemalical classification and find a strong évolution of the frac tion of well-relaxed spiral rotating disk in the last 6 Gyr. We also point oui that intermediate-mass galaxies hâve doubled their stellar mass since z -0.6 according to the évolution of the Article published by 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, outllow 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 sinceLequeux et al. (1979).Tremonti et al. 

  ibrations such as /?23 which uses [Ourj,[Ou] and W{3 or N2, which uses [N TT J and Htr. Several parameters affect the nteasurement of line ratios: extinction and underlying Balnter absorption in the case of R23, 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 | [END_REF] observed 56 galaxies from the Gemini Deep Deep Survey with flux-calibrated spectra, but the S/N of the data were insuflicient to measure extinction for individual galaxies.The aim of this papcr 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 R23 abundance déterminations. The high qual ity spectra were taken with the VLT/FORS2. The paper is organized as follows: Sect. 2 describcs 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.Throughout this paper we adopt a A-CDM cosmological model (Ho = 10 km s"1 Mpc"1, £2m -0.3 and QA = 0.7).Ail magnitudes used in this paper are in the AB System, unless cxplicilly noted otherwise. The adopted solar abundance is 12 + log(0/H) = 8.66 fromAsplund et al. (2004).

Fig. 1 .

 1 Fig. 1. Redshift distribution (bin = 0.02) of the FORS2-1MAGES 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 Â'-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 = I 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 saniple A galaxies, J033210.92-274722.8. Grey boxes delimit the wavelength région where spectra may be affected by strong sky Unes. Top panel: spectrum with the location of strong émission lines. Bottom panel: spectrum and synthetic spectra usingJacoby et al. (1984) templates plotted with dashed line. The position of the absorption lines are marked with dashed vertical lines.

  H> \ =/W\ jQ-c(/(Hy)-/{H/ft) y is calculated followingSeaton (1979):Av = E(B -V)R = (cR)/1.47 where R = 3.1. The médian ex tinction of the sample is Ay = 1.53.

  ratio of the uncorrected extinction SFRiia and SFR\k allows us to estimate the amount of extinction. The two SFR hâve bcen computed assuming the Kennicutt (1998) calibrations and both use the saine Salpeter initial mass function (IMF) (Salpeter 1955). The Ljr is estimated from the Chary & Elbaz (2001) relation and 24/im observations (Le Floc'h et al. 2005). The L"ir has been estimated from the (lux of H/? and assuming WtJW(3 = 2.87[START_REF] Osterbrock | Astrophysics of gaseous nebulae and active galactic nuclei, Research supported by the llniversity of California[END_REF]. The H[i flux was correeted by an aperture factor derived from photometric magnitudes at /ab and Va b and spectral magnitudes. Finally, the ratio was correeted using the average interstellar extinction law:

Fig. 4 .

 4 Fig. 4. Relation between the extinction A y values derived front the Balmer décrément and by SFRir and SFRH",K ratio. We plot the 37 galaxies from Sample A having reliable Hy détection and the 13 galaxies from Sample B with Ay(Balmer) and Ay(IR) measure ments. The objects with infrared détection aie plotted with filled red circles. The arrows are the 21 objects the Sample A with only Ay(lR) 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 galaxy J033212.39-274353.6.

Fig. 5 .

 5 Fig. 5. Diagnostic diagram for the Sample A. Galaxies with only Av(IRiim) are plotted with down arrows. The objects with log ([Ne ni],I3868/[0 H],13727) >-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 deliinits the Seyfert 2 and LINER from the Hit 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 Kewley et al. (2001 ). The dashed line represents the empiricaî démarcation separating star-formation galaxies from AGN from Kauffmann et al. (2003).

  photo-ionization model can reach 0.5 dex[START_REF] Ravikumar | New spectroscopie redshifts from the CDFS and a test of the cosmological relevance of the GOODS-South field[END_REF]Rupke et al. 2008; Kewley & Ellison 2008). As the aim of this work is to compare metallicities at different redshifts, we hâve adopted the calibration fromTremonti et al. (2004) to avoid a bias related to calibration: 12 + log(0/H) = 9.185 -0.313.x-0.264.r -0.321 a3,(3)where x = log /Gv Indeed, we want to compare sample A + B with the SDSS sample from which the Tremonti calibration is based.The /?23 calibration présents some limitations in abundance détermination, it is double valued with 12 + log(0/H). At low metallicity /?23 scales with métal abundance. But from 12 + log(0/H) = 8.3, gas cooling occurs through metallic lines and /?22 decreases. The calibration fromTremonti et al. (2004) is valid only for the upper branch of the ft23 vs. 12 + logO/H relation. We 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 and are associated

  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/H/i line ratio to estimatc the error on Av(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 errons on Av(Balmer) and AV(1R) are not correlated. Thus, 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 at z~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.

Fig. 7 .

 7 Fig.7. Stellar mass-metallicity relation for the SDSS galaxies in con tours and dots (z = 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 iVfstdiar < 10 are plotted with open symbols. The objects in sample A with log R2% > 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-" 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.

Fig. 8 .

 8 Fig.8. 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 Panel, the 38 galaxies from the 0.55 < z < 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 circîes. Objects with log(/?23) > l and AGN are not plotted. The médian of each bin is marked in dashed rcd line, see Table3

  for the A[12 + log(0/H)]. The local relation fromTremonti et al. (

  ple A + B(Zhcng et al. 2005) and plotted them in the M-Z plot, but no etfect was found.Finally, we focused particularly on the study of LIRGs.Rupke et al. (2008) found that LIRGs and ULIRGs are métal under-abundant by a factor of two comparcd 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 tind any shift. The small métal overabundance found byLiang et al. (2006) was due to a sélection etfect: 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 thèse results in the Sect. 6. 4.2. 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 + 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 calculatcd 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

  photometry.

(Fig. 9 .

 9 Fig.9. Stellar mass-metallicity relation for the SDSS galaxies in con tours and dots (z = 0,Tremonti et al. 2004; Bell et al. 2003) and the 58 intermediate-; 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 inblue: inverted blue trian gles indicate the 7 star-forming galaxies of Shapley et al. (2004); blue stars indicate the 5 stellar mass bin of Erb et al. (2006). The z > 3 sample of Maiolino et al. (2008) is plotted in green squares.

  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. Kewley & Ellison (2008). However, these conversions hâve been derived from local samples and may be not valid at higher redshift. Liu et al. (2008) hâve suggested that at z ~1 the metallicities of galaxies are overeslimated by ~0.16dex due to different physical conditions in Hll régions at higher redshift: violent starformation, shocks, higher ionization parameters. No evidence of such different conditions of Hll régions hâve been found in our sample, according to the diagnostic diagrams.

5. 2 .Fig. 10 .

 210 Fig. 10. The mctallicity shift from the local relation of the 4 high-z samples as a function of the lookback time is plotted as blaek open squares. The metallieity 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(0/H)] = 0 at z = 0. The évolution found by Savaglio et al. (2005) in the frame of a closed box mode) is indicated with a dashed line for log AT.tc|iar -10.45 galaxies.

Table 4 .

 4 Identified systematic uncertainties that could impact on the shift of the M-Z relation between local and z ~0.6 galaxies. (2004) calibration instead of theDenicolô 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 constraincd at z ~0.6, the bias in the high-z sample will not change the shape of the évolution function but only the slope. Eveil accounting for ail the systematics shown in Table5. the observations front intermediate and high redshift samples are not compatible with the évolution found by[START_REF] Savaglio | [END_REF].

1 .

 1 Discarding the closed-box modelWe first compare our observations with a simple model of galaxy évolution: the closed-box model(Searle & Sargcnt I972;Tinsley 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 asLiang et al. (2006) and proposed byKobulnicky & Kcwley (2004). The métal abundance Z is related to the gas mass fraction by Z(t) = T ln l//i(r),

  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 signifîcant évolution of the /f-band TFR zéro point, which they attribute to an average brightening by 0.66 mag. Aftcr 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 lowcr 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 extemal gas supply, probably métal enriched

6. 2 .

 2 Comparison with previous models of galaxy Chemical évolution We compare our results with galaxy évolution simulations by de Rossi et al. (2007); Buat et al. (2008); Mouhcineet 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 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 ^stellar > 3x 1010 A/e reached the local relation well before z = 1.

  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 significant 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 byHammer 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 Ms,eiiar > lOloA/0 hâve not evolved since z ~1.2.

  from 0.4 to 0.7 (which limits technical problems like lines out of range), we find that 96/136 galaxies are émission line galax ies (31 with EQW(OII) < 15 and 65 with EQW(OIl)> 15) and

6. 4 .

 4 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 deftciency in métal compared to other local galaxies and delineate the sanie 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

  the outer régions to l'ail 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 on supply 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(Rupke et al. 2008(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.

  ity 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.

  [START_REF] Savaglio | [END_REF] et al. They found that the évolution of galaxies at fîrst order can be expiained by a closcd box model and that galaxies with logMstdiar > 10'°Me hâve already reached local metallicities at z ~0.6. On the contrary, we hâve discarded the closed box model as a valid approximation of galaxy évolution. We suggest that this discrepancy is due to the low S/N quality of the[START_REF] Savaglio | [END_REF] data. We notice however that the[START_REF] Savaglio | [END_REF] results hâve been widely used to construct métal content évolution simulations, explaining why our results arc not reproduccd by these models. We are calling for a new génération of modelling able to account for ouiobservations.
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 061 Figure 6.1: Distant galaxies. They présent a huge variety of sliapes and physical properties.

Figure 6 . 2 :

 62 Figure 6.2: Galaxy parameters. They are define as follow: a = semi-major axis, b = semi-minor axis, (x,y) = center coordinates, P.A. = position angle (which goes from 0 to 9Ü degrees. Positive within the left of the grand y axis, and négative in the other direction), ellipticity = l-(b/a), inclination = arccos(b/a).

  the lialf light radius, Ee the surface briglitness at re, k a constant5 6, and n being the sersic index. The différence between the bulge and the disk lies then in the sersic index. For the bulge the sersic index is let free5, vvhile for the disk the sersic index is fixed to 1. Tliis last, case is équivalent to the exponential function[START_REF] Freeman | On the Disks of Spiral and so Galaxies[END_REF]7, S(r) = Y,0exp[--} (6.2) Td with Eo being the central surface briglitness and r^the e-folding scale length.

Figure 6 . 3 :

 63 Figure 6.3: Examples of Sersic profiles. In red a Sersic, profile with n-4, which correspond to a bulge. In blue a Sersic profile with n=l. modeling a disk.

Figure 6 . 4 :

 64 Figure 6.4: Example of a galfit simulation for one galaxy in our sample. Top: display of the components profiles over-plotted to the original galaxy profile in magnitude units. Middle: saine as before, but the profile are in flux units. Bottoin: from left to right we hâve (a) the observed galaxy image; (b) the best rriodel; (c) the residual image, constructed bv taking the différence between the real and the modeled light distribution; (d) the "error" image.

Figure 6 . 5 :

 65 Figure 6.5: HST/ACS GOODS image frorn the ESO/GOODS project (Retzlaff et a/., 2010) (Crédit: http://areliive.eso.org/cms/).

Figure 6 .

 6 Figure 6.7 shows an example of the structural parameters values resulting from the fitting procedure detailed in the previous subsection. Furthermore, a sériés of images and plots, also resulting from the galfit fitting procedure, are shown in figure 6.4.

Figure 6 . 7 :

 67 Figure 6.7: Example of Galfit resuit parameters from our morphological analysis. Cl represents the bulge and C2 the disk. [x,y\ indicates the center position in pixel values, Sersic is the sersic index value (n in équation 6.1), F* is the component flux to the total flux ratio (B/T and D/T respect ively), b/a is the semi-minor axis to the semi-major axis ratio, and Inc. is the inclination in degrees.

Figure 6 . 8 :

 68 Figure 6.8: Measuring Ri/2-Top: display of the progression of the ellipses with different radii overplotted on the galaxy image. These animations are used to better visualize. in real time, the ellipses régions being mesured, as well as the selected région to dérivé the sky background value. Bottom: from left to right we hâve (a) the plot of the flux content witliin ellipses of different radii with a step of one pixel, (b) the magnitude profile, (c) the flux profile.

  is information of great significance, as it is the comparison of the light in different wavelengths coming from the galaxy. It can be obtained by comparing its magnitude in two or three different bands. It is even possible to get a color of each galaxy features (similar, for example, to a picture of Rodney DELGADO-SERRANO PhD thesis
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 11610 Figure 6.10: Examples of color images we use in our morphological analysis methodology. Top: linear intensity scale. Bottorn: Logaritlim intensity scale. Left: image with a spatial scale of 50x50 kpc. Right: image with a spatial scale of 25x25 kpc.
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 613 Figure 6.13: Our morphological classification decision tree.

Finally, I want

  to reinark that the morphological classification used by Sheth et al. is very different from the accurate methodology I hâve presented in this chapter. Moreover, even if the présent results are limited by the Poisson statistic, I hâve showed that our samples are représentative of local and distant galaxies.

Figure 6 .

 6 Figure 6.15: Sheth et al. (2ÜÜ8) results are présentée! by straight lines. The blue straight line takes only into aceount galaxies with strong bars. Such bars are defined arbitrarilv as having an ellipticity higher than 0.4. The black straight line includes ail bar détections (weak -F strong bars). Results from our représentative local and distant sainples are shown as red and green circles. The red circles can be compared to Sheth et al. as they are calculated using a similar criteria (bar détections within spiral galaxies). The green circles represent the fraction of barred Sp and Sü galaxies within the whole population. Error bars are calculated using a Poisson statistics.
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 617 Figure 6.17: Local and Distant, Hubble sequences. Each galaxv image represents ~5% of the whole galaxy population at each respective epoch.

  How was the Hubble sequence in the past? The Hubble Space Telescope (HST) revealed the morphologies of distant galaxies, and a simple inspection of the deepest observed lïelds shows how galaxy morphologies hâve evolved(van den Bergh 2002). Indeed, we do not lack morphological details as the HST/ACS instrument allows investigation of the details of 200 pc at z ~1. However, this does not suffice to establish the past Hubble sequence. First, the cosmological dimming is so severe that only long exposures, such as in GOODS or UDF, can detect the optical radius of a Milky Way like galaxy at z = 0.4-0.5 and 1.3-1.5, respectively. Second, the past Hubble sequence has to be made of galaxies that can be connected with the present-day ones: sporadic events such as galaxy collisions could hâve dramatically affected this link. Third. although dis tant galaxies are linked to present-day ones through the isotropie principle, it needs a simple (and preferentially single) criterion in selecling them in two different redshift slices.The motivation of this study is to establish the Hubble se quence in the past and to verify to what accuracy it can be linked to the sequense at the présent epoch. A considérable advantage would be to compare local galaxies to those at moderate redshifts, in order to limit most of the complexities discussed above. At z = 0.65, corresponding to an epoch of 6 Gyr ago, the GOODS imagery -after correction for cosmological dim ming -is as deep as or deeper than the SDSS imagery at z -0.

Finally, when comparing

  galaxy morphology at different redshifts, one must pay attention to ail possible biases linked to the use of different instruments and, more importantly, nuist min imise morphological /.-corrections. In the présent paper, after considering the above effects, we generalized the morphological classification method front Neichel et al. (2008) and we applied it to a local sample of galaxies observed by SDSS and to a distant sample of galaxies observed by HST/ACS, in order to compare their properties. Samples and their sélection are described in Sect. 2. Methodology and data analyses are shown in Sect. 3. Results of our morphological classification are prcsenled in Sect. 4, and Sect. 5 discusses to which accuracy one may establish the past Hubble sequence. Finally, in Sect. 6 we summarize our conclu sions. Throughout this paper we adopt cosmological parameters with Ho = 70 km s-1 Mpc~', fîA = 0.7. Magnitudes are given in the AB System.2. Représentative samples of nearby and distant galaxiesThe first sample represents the local galaxies, constructed from SDSS survey. The second one represents the distant galaxies selected from GOODS. To gather both samples, we used a sin gle sélection criterion, i.e., the absolute magnitude in J band (Mj < -20.3). However for practical reasons we further restricted our sample to the galaxies possessing a good quality spectrum to measure [0II]/13727 émission line, as well as having high resolution images in at least three optical bands. These fur ther limitations are only rejecting objects for technical reasons1 2 in the local Universe since data from SDSS hâve reached an in comparable homogeneity. While the GOODS image quality and 1 This include bad quality imagery and bad pixels near the [on]/t3727 émission line.

Fig. 1 .

 1 Fig.1. Galaxies of theFukugita et al. (2007) sample in the Mj versus z plane. The red points are those included in the selected représentative sub-sample of 218 galaxies with 0.02 < z < 0.03. This eut in red shift was detemiined to optimize the representativity in ternis of the LF.

2. 1 .

 1 Local galaxy sample Galaxies were selected from the Fukugita et al. (2007) sam ple. It includes 2253 galaxies with Petrosian magnitude lower than rP = 16, that are lying in a 230 deg2 rectangular area in the équatorial area of the northern sky. From this sample we only kept galaxies with available spectra and imaging from the Sloan Digital Sky Survey (SDSS; York et al. 2000) Data Release thrcc (DR3, Abazajian et al. 2005). Ail the objects hâve im ages in u (3551 Â), g (4686 Â), r (6165 Â), i (7481 Â) and z (8931 A) bands. Relative magnitudes were retrieved from the 2MASS (Skrutskie et al. 2006) and SDSS-DR3 catalogs. It re sults a sélection of 2113 galaxies. We then considered only the 1665 galaxies with an absolute magnitude Mj < -20.3, following our sélection criterion. Figure 1 shows the Mj vs. redshift plane of the local SDSS catalog from Fukugita et al. (2007).

Figure 1

 1 shows that at z < 0.03, ail Mj < -20.3 are included in theFukugita et al. (2007) sam ple. It represents a sample of 218 galaxies (red points). Finally, from these 218 galaxies, we only kept those whose spectra in clude the [on]43727 émission line, further reducing the sample to 116 galaxies. These galaxies hâve a redshift of 0.0207 < z < 0.030.

Figure 2 (

 2 Figure2acompares the distribution of the 7-band abso lute magnitudes of these galaxies with the ./-band luminosity

  1 mag. Our sample follows the same distribution of the luminosity function (Kohnogorov-Smirnov test, w'ith a probability of 97%), as illustrated in Fig. 2b. Il confirms the Yang et al. (2008) and Neichel et al. (2008) results that the IMAGES survey is représentative of distant starbursts.Distant quiescent galaxies: This subsample compléments the previous subsample, as il includes only galaxies with (£W([OlT]/î3727) < 15 À). It was selected in the GOODS area, using spectroscopic data collected from (I) observations made by VLT/FORS2 by IMAGES(Rodrigues et al. 2008), (2) FORS2 observation in the frame of ESO follow-ups(Vanzella et al. 2005(Vanzella et al. , 2006)),[START_REF] Hamnier | The Hubble sequence: just a vestige of merger events?[END_REF] observations made by VLT/VIMOS[START_REF] Lauger | Evolution of morphology in the Chandra Deep Field South[END_REF]. For the VVDS survey, only secure redshift were used (with zllag = 3/4), which correspond to more than 95% of confidence. The first step was to detect those spectra with a wavelength coverage including the [OIIJ.13727 line (the same criterion that is applied to the local sample galaxies). We then took only those galaxies with £VF([Oii],13727) < 15 Â) and an absolute magnitude Mj < -20.3 within the redshift range gram). Finally, we kept only the galaxies having GOODS(ACS) v2.0 images in at least 3 bands, leading to a sample of 94 quies cent galaxies. A high fraction (77% of the sample) hâve spectra observed with VLT/FORS2 ensuring the best accuracy in measuring[Oil]43727 EW. Figure2cshows the corresponding distri bution of the 7-band absolute magnitudes that is compared to the luminosity function fromCirasuolo et al. (2007) for red galaxies in the redshift range 0.25 < z < 0.75. The J -K magnitude cor rection was donc in the same way as in the previous subsample.

3. 2 .

 2 Light profile analysisHalf-light radius and bulge-to-total ratio (B/T) are derived from the surface brightness profile analysis. In this work, instead of fitting simultaneously ail neighboring objects within 5.0 arcsec of the target, they were masked to avoid any llux contamina tion. To measure the half-light radius, we hâve developed our own IDL procedure, which allows us to visually analyze differ ent profiles of the galaxy at the same time: (1) the flux profile;(2) the magnitude profile; and (3) the flux content within ellipses of difFerent radius with a step of one pixel. The first two let us détermine a reasonable sky value and the last one gives us the half light-radius when a real "plateau" is visualized.Each galaxy is decomposed as a combination of a bulge and a disk. This décomposition is a two-dimensional modeling based on light (flux) distributions. We then modclcd each galaxy light profile with a combination of two Sérsic laws. The first one would represent the bulge with a Sérsic index that is left free, and the second one would represent the disk with a Sérsic index equal to one. B/T is derived from the GALFIT décomposition of the galaxy.

  lution. Their possible impacts are examined in Appcndix A. It tums out thaï the past Hubble sequence displayed in Fig.5pro vides a rcasonable snapshot of the past history of galaxies populating the Hubble sequence today. The link between the two Hubble sequences is marginally affected by very recent mergers or by stellar population évolution. Some very spécifie star formation historiés could, however, complieate the link: for ex ample a galaxy forming ail its stars at z = 1 in a so-called monolithic collapse would show an évolution of its Mstc\\u/Lf; ratio by about 0.4 dex according to population synthesis modcl. Such objects, if they exist, would bc found in slightly greater numbers in the past Hubble sequence than in the present-day one. Besides this, the proposed link between past and présent sequence is also well adapted to various models of galaxy évolution(Bruzual & Chariot 2003). For example, let us consider a secular évolution model in which a galaxy gradually accretes gas from the intergalactic medium. Observations(Hammer et al. 2005; Bell et al. 2005) suggest a stellar mass increase by 0.3 dex since z = 1, or 0.15-0.2 dex since z = 0.65. By selecting local and distant galax ies through A/,(AB) < -20.3, one would catch both progenitor and descendant because the observed évolution of the Msici\ar/Li< ratio is 0.15 dex.

Fig. 5 ,

 5 Fig. 5, Present-day Hubble sequence derived from the local sample and past Hubble sequence derived from the distant sample. Each stamp represents approximately 5% of the galaxy population.

Fig. 6 .

 6 Fig.6. r absolute magnitude of the bulge vs. bulge radius of E (red crosses) and of SO (yellow squares) galaxies. Top: local sample for which the solid line represents the best fit, while the dotted line cornes from the[START_REF] Kauffmann | Stellar masses and star formation historiés for IIP galaxies from the Sloan Dig ital Sky Survey[END_REF] study of elliptical galaxies. Micldle: same for distant E and SO galaxies with the dashed line showing the best fit of the relation. There is approxiamtely 0.5 mag between the local (solid line) and distant best-fit of the M, -R)W\lx-relation. Bottom: same as above but after correcting for a passive évolution of the stellar pop ulation. We assume a single star formation burst, 12 Gyr ago. Other star formation historiés could be considered, but this indicates that the

Fig

  Fig. A.l. Two possible merging effects that could affect the link be tween distant and present-day galaxies. Bottom: two galaxies with Mj(AB) < -20.3 inerge after; = 0.65 suppressing one galaxy with Mj(AB) < -20.3 at ; = 0.0: Top: two galaxies with A//(AB) > -20.3 merge after ; = 0.65 giving one galaxy with M/(AB) < -20.3 at • = 0.0.

Fig

  Fig. A.l).

2 .

 2 Fig.A.2. Stellar and baryonie mass of a gaîaxy. Left: galaxy with Mj{AB) < -20.3 in the local Universe; Right: gaîaxy with Mj(AB) < -20.3 aî z = 0.65.

  2.3). The stellar mass to /Gband light ratio is evolving quite significantly with the redshift, which is simply related to the évolution in color or in star formation. For exam ple, applying theBell et al. (2003) correction to the Mstc\i-dr/LK ratio,Puech et al. (2008) find an average évolution of 0.15 dex wheti comparing local spiral galaxies to distant émission line galaxies. In other words, by selecting more and more starbursts in the past Universe, we pre-select galaxies with îower stellar masses than those in the local Universe. Such an effect might be non negligible because there are 9% of distant starbursts that hâve -20j575 < Mj(AB) < -20.3. Interestingly a part of this bias is compensated for when considering the baryonie mass rallier than the stellar mass (seeFig. A.2).Hammer et al. (2009) 

Figure 7 . 1 :

 71 Figure 7.1: IMAGES results diagram froiri different instrument observations (Courtesy of M. Puech).

  (A-C plane. Gini and M20 coefficients, etc.) Rodney DELGADO-SERRANO PhD thesis 7.1. Merger events and the baryonic Tully-Fisher relation • Further results. concerning the kinematics of Mbv .. . < -16.4 galax-.25 (see appendix C), allow us to State tliat galaxies witli complex kinematics présent the saine signature in émission lines of the saine ionization (e.g., [OUI]A1959 and [OUI]A5007), while émission lines of different species (e.g., Hd and [OUI]) show different complex kinematics. In contrast, rotating disks hâve the saine kinematic signature using any émission line. This

  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 zmodian = 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 F. Hamrner et ai.: The Hubble sequence: just a vestige of merger events?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 difïers in direction and ampli tude from those of the progenitors. The prédictions ofHopkins et al. (2009a) reiy 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 reshapcd 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 & Hemquist 1992) to late type spirals. In fact, the orbital angu lar momentum provided by major mergers could solve the angu lar momentum problem(Mallcr 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 reproduce 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.

  found that 60% of 'médian = 0.65 galaxies hâve spectra with VVo(OII) > 15 À and aie classified as starbursts. Référencés are Neichel et al. (2008): NOS, Zheng et al. (2004): Z06, Nakamura et al. (2004): N04 and Hammer et al. (2005): H05. a z = 0.667 galaxy. Pcirani et al. (2008) idenrified a giant and starbursting 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 l'ormed bar has condensed into young and blue stars. Hammer et al. (2009b) identilied a com

  inclined orbit.Puech et al. (2009a) demonstrated that the prés ence of ionised gas without stars near a highly asymmetric disk can be only reproduced by a remnant of a merger.These studies hâve been successful because they compared simulations of the gas phases to observations of both the morphology and the ionised gas motions. Morphologies of slarbursts -especially the numerous blue or dusty régions -are mostly relies of gas phases recently transformed into young stars that ionise the gas. Thus a common physical mechanism should reproduce them together with the observed large-scale motions of the ionised gas. Within most starbursts, the light is indeed dominated by <100 Myr-old stars and at large distances, spatially-resolved kinematics only detect large-scale motions, with typical scales of ~3 kpc. A lypical motion of 100 km s-1 would cross such a length scale for ~50 Myr (32 Myr for mo tions parallel to the sky plane). Thus, many morphological features with blue colors (bars, rings and helixes, see Pcirani et al.

Fig. 1 .

 1 Fig. 1. b + v, i and z 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

  morpho-kinematical classification (RD: rotating spiral disks, NR: non relaxed Systems and SR: semi-relaxed Systems, see Sect. 1).

Figure 3 (Fig. 3 .

 33 Fig.3. Top: distribution of the logarithm of the mass ratio, with Ml representing the mass of the galaxy observed by IMAGES. The full black histogram corresponds to the 24 galaxies, the nature of which

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). The 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 expccted to affect less and in a more sporadic way, kinematics, morphology and star formation

Fig. 4 .

 4 Fig.4. Distribution of the merger phases for the modelled distant star bursts. The full black histogram corresponds to the same galaxies as in Fig.3(robust mergers/interactions and isolated rotating spirals).Phase l corresponds to the approaching phase until the first passage, phase 2 corresponds to the time 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, always 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 tields and a dispersion peak centred on the mass centre (e.g.Flores et al. 2006).

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 fui 1 black histogram corresponds to the 12 objects for which we hâve robustly identified the orbit. The .v-axis represents the different orbits displayed in the figure.

  , the derived gaseous mass is in principle an IMF independent quantity. By accounting for the uncertainties in the SFR derived from Spitzer/MIPS 24 yum measurements (SalpeterIMF Kennicutt 1998),Puech et al. (2009b) derived error bars ranging from 0.04 to 0.4 dex for gas mass estimâtes.Ironically, the wealth of UV to rnid-IR data in IMAGES does not provide yet a better accuracy in estimating the stellar masses. Indeed at ail wavelengths, most of the émission are due to massive stars and not to the main sequence stars thaï constitute the bulk of the stellar mass. The results are heavily dépendent on the IMF, the assumed history of star formation and on various recipes for the extinction law'.Puech et al. (2008) (see theirAppcndix A) analysed the systematic effects of adopting differ ent schemes for the stellar mass estimâtes. They adopted stellar masses (A/stciiar.Bos) calculated from rest-frame /C-band magni tudes, using the methodology ofBell et al. (2003) to correct for massive stars and assuming a diet-Salpeter IMF. By comparing the évolution of M,teiiar/Cx to that from comparable studies, they found that at Zmedian = 0.65 theBell et al. (2003) method overestimates the stellar mass by ~0.1 dex when eompared to that derived from Bruzual & Chariot (20()3)(BC03). FurthermoreMaraston et al. (2006) showed that by including TP-AGB stars, the M^çw-JLk is overestimated by an additional -0.14 dex. Thus stellar-mass estimâtes fromBell et al. (2003) (Msu-h^bc») appear to be maximal estimâtes for the stellar masses of the IMAGES galaxies considered here. It also gives an approximation of what could be estimated front a combination of the Salpeter IMF andBruzual & Chariot (2003) models (see arrows in Fig.6): the IMF effect (+0.15 dex) is compensated by the overestimate due to theBell et al. (2003) methodology when eompared to Bruzual

Fig. 6 .

 6 Fig. 6. Gas mass derived front Pnech et al. (2009b) as a function of the stellar mass obtained front the Bell et al. (2003) prescriptions. The atxows in the upper left corner indicate how the stellar mass inay 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 (S55 and K02 show the change due to the adoption of an IMF front Salpeter 1955 or front Kroupa 2002, respectively). The full and dashed îines indicate a gas fraction of 50% and a gas fraction front local galax ies (HI gas, Schintinovich 2008), respectively. The various symbols correspond to the morpho-kinematic classes defined in Sect. I: rotating spirals (blue circles), heavily non-relaxed Systems (red triangles) and semi-relaxed Systems (green squares). Only error bars lower than 0.3 dex hâve beat 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 indicaîe the time during which the observed starbursts are involved in the merger (médian value for each phases 1 to4), as obtained from the simulations.It slightly decreases at phase 4 because the masses of the 4 rebuilding disks (médian value, 2.1 x 10)0 M,0) are lower than the mass of the 9 galaxies in phase 3 (médian value, 6.3 x 10,ü M0).

«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 galaxy 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 warm 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 elliplicals 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

Fig. 10 .

 10 Fig.10. Gas distribution in merger remuants fromBarnes (2002) for 3:1 mergers, and for four different orbits, at the end of the simulations.

  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 projcct 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

  3, which roughly corresponds to A/stciiar > 1.5 x 10l(> Mo, using a "diet" Salpeter IMF and Bell et al. (2003) simplitied recipcs for deriving stellar mass from Jband luminosity. Addilional practical constraints were imposed on their rest-frame [OU] équivalent width (i.e., EWq > 15 Â) and redshift (i.e., z between 0.4 and 0.75), by observing with the multi-integral-field unit spectrograph FLAMES/GIRAFFE

  et al. (2009b).

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+ 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.

  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 Ho 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 quantifies given bySchiminovich (2008).

  erate a set of images with Hat 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 highresolution 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 [011] GIRAFFE images were renormalized in lerms of flux using the observed IFU-integrated[OII ] 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, seeFlores 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-Iight radius. However,

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 w'ere changed front RD to CK compared to P08 (see Sect. 2.1). The black line is the local smTFR, w'hile the blue dash-line represent a linear fit to the z ~0.6 smTFR. Left: sanie relation but using 5. The black and blue-dashed lines are the same as in the left panel.

3. 1 .Fig. 4 .

 14 Fig. 4. Comparison between the [OII] and UV radii for the CDFS subsample of galaxies. The tw'o insets on the left (30-arcsee wide) show MIPS imaging at 24 /an of .1033228.48-274826.6 (itpper one) and J033244.20-274733.5, while the tw'o 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. 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 5-TFR. This is the first direct observational év idence of the transfer of energy dcscribcd 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 clcarly 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).

5 . 6 5. 1 .

 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 VflaI and(amongst others) theBell 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 5-band luminosity to dérivé stellar mass, which is a less accuratc tracer than tf-band luminosities. Hence, we rederivcd stellar mass from A'-band luminosities by cross-correlating theMcGaugh (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 (Mbaryome/A/o) = 2.10 ± 0.42 + (3.74 ± 0.20) x log (Vflat) has a residual scatter of <x = 0.25 dex. In the following, we checkcd that by instead using the McGaugh (2005) stellar masses derived from the fl-band luminosity (see his Table2with 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 from

Fig. 5 .

 5 Fig. 5. Evolution of the baryonic TFR in the CDFS subsample (see text). 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

  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 convcrted into Mbaryonic. Regarding the stellar mass, we identificd in P08 two possible systematic effects, which are an évolution in the IMF (+0.05 dex), and an évolu tion in the /f-band mass-to-light ratio (+0.1 dex) with redshift (see Appendix of P08). Finally, concerning gas masses, the only possible systematic effect could be an évolution of the SK law with redshift, sincc we argued in Sect. 2.3 that this quanlity 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 would 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.

• 4 .

 4 ) Kinematic studies of quiescent intermediate redshift galaxies. Since kine matic studies in our sample are based on star-forming galaxies (arbitrary defined as galaxies having an EW[OIIjÀ3727 > 15A), a complementary study of our quiescent galaxies (EW[OII]À3727 < 15A) is needed.Yang et al. (2009) lias shown it is possible, as the z~0.4 galaxy they kinetically studied

• 5 .

 5 ) Hydrodynamical simulations. The comparison of the observations with such simulations will allow us to constrain the different dynamical process that play an important rôle during the merger phases, as well as the progenitors stage. For each distant galaxy, we hâve at our disposai a complété description of its physical properties, including morphology, kinematics, and mass. As lias been demonstrated in five explicit examples (see subsection 2.3.1), this allows us to model distant galaxies in a way similar to what is Rodney DELGADO-SERRANO PhD thesis currently doue for nearby galaxies. Restricting the simulations with ail the information we dispose for eaeh galaxy through the IMAGES survey (especiallv the morphological and kinematic information) is a promising way to model, with high accuracy, the formation of structures and substructures within dises.

Figure A. 2 :

 2 Figure A.2: Cosmic Microwave Background (CMB) map observed by COBE

  PhD tliesisRodnev DELGADO-SERRANO satellite GOBE on large seales. scientists hâve fourni tliat a Universe dominated by neutrinos would not contain enough power on srnall seales to fit the observed Uni verse properties.As a resuit, any purely HDM model of the Universe is excluded.For this reason, when scientists talk about HDM model today, they mostly refer to a "Mixed Dark Matter" model, which combines "Cold" and "Hot" dark matter (CHDM, for Cold-f Hot Dark Matter; see for example[START_REF] Primack | Cold + Hot Dark Matter Afier Super-Kamiokande[END_REF] Clioi &: Ryu, 1998)4. A huge fraction of the dark matter is cold, while the hot fraction is tiny.

Figure A. 4 :

 4 Figure A.4: CDM model simulations (Jenkins et ai, 1998; Thomas et ai, 1998. for the Virgo Collaboration).

  PhD thesisRodney DELGADO-SERRANO lead to large-scale density energy perturbations. As the inflation continues, smaller density energy perturbations are generated, with the srnallest ones near the end.Hence, when the Universe finishes its inflation, tlie density energy perturbations coexist in a very vvide range of length scales, and the quantum nature of the flrst fluctuations are no longer important as perturbations can be considered to follow classical physics laws. The transition from quantum to classical nature is called "decoherence".

Figure A. 8 :

 8 Figure A.8: Illustration of the primordial scalar field fluctuations (Crédit: Linde,

Figure A. 9 :

 9 Figure A.9: The abundance of the main four light éléments vs. baryon density in the Universe, as predicted by the theory. The baryon density is given in //g/km3.

  first reduces the probability of photons to internet, and the second reduces the probability of two particles to meet.Rodney DELGADO-SERRANOPhD tliesis because the radiation pressure of photons can not stop it any more. As we can imagine, recombination and decoupling take place in a range of redshift (~200) that is narned, abusively, surface of last diffusion. During tliis period, the radiation is still not totallv decoupled frorn rnatter, interacting with the first over-densities in formation. What we see on the CMB rnap (see figure A. 10) are tliose fluctuations.

Figure A. 10 :

 10 Figure A. 10: Cosmic Microwave Background (CMB) see by WMAP. The fluctu ations in température, as determined from five years of WMAP data, are of the order of 10 n, and the température lias an average value of 2.725 K(Hinshaw et ai, 2009)(see also[START_REF] Challinor | Lecture notes on the physics of cosmic microwave background anisotropies[END_REF]. for a general explanation).

  I0 the original image taken bv the CCD sensor with an exposure time t0, F the flatfield image taken with an exposure time t/r, and mp the mean value of the (F -D xt/r) image, the final corrected image (I) for each pixel i would be:

Rodney

  Figure B.2: Example of response curves. These correspond to the available fil ters for the Mo net telescope at McDonald Observatory (Crédit: Monet telescope webpage).

  the detector. 2Lmninosity refers t.o the mount of electromagnetic energy a body radiâtes per unit of time. and can be calculated as L -4nr2F. Where, r is the object distant and F the flux rneasured at the distant r.PhD thesisRodney DELGADO-SERRANO photometryBeing ADU (Analog-to-Digital Unit) the number of électrons detected per pixel for a given object, and te the used exposnre tinie, the observed magnitude or "apparent magnitude" m of such object is calculated as follow: is called the image "zéro-point". It contains various infor mation including the area of each pixel, the atmospheric absorption, the physical nuits used to represent the observed fluxes, or even the normalization constant

  Tlien, let ADU* be the number of électrons detected per pixel for the reference star, m* its apparent magnitude, t* the exposure tinie of the reference image (in the saine unit as te), a the airmass of the image to be calibrated, a* the airmass of the reference image, and ca the coefficient of atmospheric absorption which dépends on the telescope and the instruments used for the observation. Like tins, the zéro-point can be calculated by Z mentioned before, it is important to ensure that ail magnitudes across the different filters are expressed in the sanie System. There are several Systems of magnitude, each one characterized by a different normalization method. The magnitudes normalization, which is nothing more than the division of the observed flux by a reference flux, is performed for two main reasons: to overcome the physical units used to express the observed flux, and to overcome the response curve of the used filter (see above). This last point is absolutely necessary if one wants to reallv compare the luminous properties of the object in different range of Rodney DELGADO-SERRANO PhD tliesis B.2.

  Figure C.l: From top to bottom: Rotating disk, perturbed rotation, and complex kinematics. From left to right: HST/ACS image, measured velocity field, measured FWHM map, S/N map, simulated velocity field, simulated FWHM map.

Figure C. 2 :

 2 Figure C.2: jOIIj GIRAFFE data-cube détections.

figure 5 . 5 )Figure C. 3 :

 553 figure 5.5), we get a 3 dimension data-cube as shown in figure C.3 (I show here anexample of low redshift, galaxy, using the 0{III)\5007 émission line). Finally, we can thus construct the respective velocity field (see figure C.4), and, in the saine way, the FWHM iriap and the S/N map. A 5x5 linear interpolation is also applied to the velocity field and the FWHM map. However, this linear interpolation only lias a visual impact, as its only utilization is limited to the visual interprétation of the internai kinematics of the galaxy.(Puech et ai, 2008) shows tliat the rotation velocities retrieved through the IFU pixels of GIRAFFE hâve a systematic uncertainty within ~0.02 dex (see also the independet study ofEpinat et ai, 2010).

Figure C. 4 :

 4 Figure C.4: Left: Example ol'a velocity field vve ean get witli FLAMES/GIRAFFE.Right: Linear interpolation, for a better view of the velocity field. In the sarne way, we can also get the FWHM map (sigma map) and S/N map.

  Figure C.5: From left to l'ight: HST/ACS image of the galaxy, velocity field, FWHM map (sigma-map), and S/N map.

Figure C. 7 :

 7 Figure C.7: For each galaxy in the sarnple I présent here their HST/ACS image, measured velocity field. measured FWHM map, S/N map, simulated velocity field, simulated FWHM map (in that order), corresponding to each émission line tliat could be analyze.

Figure

  Figure D.l: How to arrive to the Panama observatory.

Figure D. 2 :

 2 Figure D.2: Architectural scheme of the Panama observatory building.

• 3 .Figure D. 3 :

 33 Figure D.3: Observatories international network to study the lunar flash.

Figure D. 4 :

 4 Figure D.4: Images of the observatory during Mardi 2010.

  rate, which could explain by themselves most of the stellar mass formed since z=l. Hammer et al. also sliowed that in such LIRGs the star formation must be produced in consecutive épisodes, because if it, is not the case they would evolve

	into local massive galaxies.	This would lead to an over-population of massive
	elliptical galaxies. Nevertheless, observations show that the number fraction of
	elliptical galaxies is quite constant since z~l.	Taking these main results as a
	basis. Hammer et al.	tlien describe ail the above évolution trends as due to a
	recent merger origin of 50-75 % of spirals. Therefore, a majority of intermediate
	mass spirals could hâve experienced their last major merger event (leading to the
	disruption of the disk) witliin the last 8 Gyr.

(Luminous Infra-Red Galaxies). These galaxies are characterized by a higli star forination

Table 4 and

 4 Fig. 12 are only available in electronic form at

	represent 70% of the intermediate-mass galaxy population,
	which itself includes at least 2/3 of the present-day stellar mass
	(see Hammer et al. 2005, and references therein).
	http://www.aanda.org

Table 1 .

 1 Number of objects per field. From the 63 galaxies that hâve been observed with GIRAFFE, we restrict ourselves to the 52 objects with multi-band HST data.

	# of obj.	03h	22h	HDFS	CDFS	Total
	Original Sample	13	6	9	35	63
	Working Sample	12	0	5	35	52

Table 2 .

 2 Fraction number of the different morphological classes.

	With EB/([OIIl)< 15	À	With EW([OII]) > 15	Â
	E/SO	RSpD		RSpD	Pec	C	M
	23%	17%		16%	28%	10%	6%
	6.2. Fractional number of rotating spiral disks
	Over the 52 galaxies of the working sample, wc find 14 ob-
	jects (27%) with both a spiral disk morphology and a simple
	rotational velocity tield. As discussed in Sect. 2, the sam
	ple is représentative of intermediate-mass galaxies with
	EWUOII]) >15 A at intennediate redshift. Let us now con-
	sider the general population of galaxies at z = 0.4-0.8, with
	Mstcll > 1.5 x 10lü Mq, including those with £W([OII]) < 15 À.

Following

Hammer et al. (1997)

, the fraction of intermediatemass galaxies with £W([OII]) > 15 Â represents 60% of intermediate-mass galaxies. Then, the fraction of rotating spiral disks dépends on how we distribute the remaining 40% of those galaxies with £W([OII]) < 15 Â between the different morpho logical classes. To do so, we rtrst assume that these quiescent galaxies are mainly E/S0 and evolved spirals (see for instance Table

1

in

Cassata et al. 2005)

. We then assume a population of 23% of E/S0 consistent with a similar morphological study based on a sample of 111, 0.4 < z < 1 intermediate-mass galaxies (?). This fraction is also consistent with other several studies (e.g.

van den Bergh et al. 2001; Brinchmann et al. 1998; Cassata et al. 2005; Conselice et al. 2005; Lotz et al. 2008

).

Table 3 .

 3 Stellar niasses, star forming rates and M^di/SFR for the rotating spiral disks.

	ID	Log1()(Mslc,i)	SFRVW	SFRir	MMll/SFR
		Log10 (M/M0)	yr"1	Me yr 1	Gyr
	J033212.39-274353.6	10.61	1.0	16.2	2.4
	J033219.68-275023.6	10.88	5.1	18.6	3.2
	J033230.78-275455.0	10.66	2.9	<10	>3.5
	J033231.58-274121.6	10.16	3.2	<10.5	> 1
	J033237.54-274838.9	10.70	7.9	22.3	1.7
	J033238.60-274631.4	10.53	2.1	<7.5	>3.5
	J033226.23-274222.8	10.72	3.2	17.5	2.5
	J033248.28-275028.9	10.09	2.0	<3.5	>2.2
	HDFS4020	9.82	-	-	-
	CFRS030046	10.64	3.9	<15	>2.3
	CFRS030085	10.21	2.3	50.9	0.3
	CFRS030619	10.63	1.6	<13	>2.9
	CFRS031353	10.85	4.1	<25	>2.4
	CFRS039003	-	12.12	94.95	-

  Restricting the distant TF relation to dynamically well-relaxed RDs. the local and distant relations hâve compara ble dispersion (e.g.Pizagno et al. 2007, for the local reference).

	It suggests that both distant RD and local spirals are comparably
	kinematically relaxed. Of course, some kinematically distorted
	or even complex velocity tields may also fall on the TFR (see for
	instance Fig. 8/9 in Flores et al. 2006), but they represent a very
	small fraction. Then, a significant change between distant and

show' that, at low z, large TF otfsets are produced by kinematically anomalous objects. At higher redshift, Paper III find a siinilar resuit as they observe that thc dispersion around the TF rela tion increases from RDs (0.31 mag) to PRs (0.80 mag) and CKs (2.08 mag).

Table 4 .

 4 Catalog of derived parameters for the working sample.

	IAU ID	Our ID	ai	B/T1'	r	Q	Type''	R\ne	<	Cl3
	0)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)
	J033212.39-274353.6	3400803	0.4213	0.12 + 0.01	1.45	1	Sp	6.0	3.8	RD
	J033219.68-275023.6	3202670	0.5596	0.02 + 0.00	1.52	1	Sp	5.4	3.2	RD
	J033230.78-275455.0	2102060	0.6857	0.04 ±0.01	1.18	1	Sp	7.6	4.2	RD
	J033231.58-274121.6	2500322	0.7057	0.02 ±0.01	1.32	1	Sp	7.6	3.5	RD
	J033237.54-274838.9	2300477	0.6638	0.06 ±0.13	1.38	1	Sp	6.0	3.4	RD
	J033238.60-274631.4	2301047	0.6201	0.02 ±0.01	1.26	1	Sp	5.7	3.5	RD
	J223256.07-603148.8	HDFS4020	0.5138	0.17 ±0.03	1.32	1	Sp	6.1	3.2	RD
	J030228.72+001333.9	CFRS030046	0.5120	0.12 ±0.06	1.56	1	Sp	8.3	6.3	RD
	J030225.28+001325.1	CFRS030085	0.6100	0.02 ± 0.03	1.27	1	Sp	7.6	4.5	RD
	J030246.94+001032.6	CFRS030619	0.4854	0.17 ±0.09	1.15	1	Sp	3.9	2.5	RD
	J030248.41+000916.5	CFRS03I353	0.6340	0.13 ±0.03	1.38	1	Sp	6.4	4.5	RD
	J030232.16+000639.1	CFRS039003	0.6189	0.08 ±0.03	1.23	1	Sp	4.9	3.2	RD
	J033226.23-274222.8	3401338	0.6671	0.05 ±0.01	1.15	1	Sp	10.2	6.5	PR
	J033248.28-275028.9	1202537	0.4446	0.04 ± 0.03	1.43	1	Sp	7.2	4.4	PR
	J033213.06-274204.8	3500001	0.4215	0.16 ±0.05	1.32	1	Sp	6.6	3.9	CK
	J033234.04-275009.7	2300055	0.7024	-	-	3	Pec/Irr	4.5	-	RD
	J033210.25-274819.5	4301297	0.6087	-	-	3	Pec/Irr	4.6	-	PR
	J033214.97-275005.5	3300063	0.6665	0.01 ±0.00	1.46	2	Pec/Irr	5.8	2.8	PR
	J033233.90-274237.9	2401349	0.6180	-	-	3	Pec/Irr	3.1	-	PR
	J033239.04-274132.4	2500233	0.7319	-	-	3	Pec/Irr	3.3	-	PR
	J033249.53-274630.0	1302369	0.5221	0.02 ±0.00	1.18	2	Pec/Irr	3.1	2.1	PR
	J033250.53-274800.7	1301018	0.7360	0.04 ±0.02	1.17	1	Pec/Irr	4.3	2.3	PR
	J223252.74-603207.3	HDFS4040	0.4650	0.12 ±0.02	1.54	1	Pec/ItT	5.3	3.9	PR
	J030249.10+001002.1	CFRS031349	0.6155	0.39 ± 0.09	1.27	1	Pec/Irr	3.8	1.8	PR
	J033250.24-274538.9	1400714	0.7310	-	-	3	Pec/ItT	4.8	-	CK
	J030242.19+001324.3	CFRS030488	0.6069	-	-	3	Pec/Irr	6.4	-	CK
	J030239.38+001327.1	CFRS030523	0.6508	0.82 ±0.01	1.1	2	Pec/Irr	3.6	0.8	CK
	J030245.67+001027.9	CFRS030645	0.5275	0.42 ±0.09	1.62	2	Pec/Irr	4.6	0.8	CK
	J033241.88-274853.9	2300404	0.6670	0.07 ±0.01	1.70	2	Pec/T	3.5	-	RD
	J223302.45-603346.5	HDFS5I50	0.6956	-	-	3	Pec/T	4.1	-	PR
	J033217.62-274257.5	3401109	0.6457	0.16 ±0.02	1.16	2	Pec/T	3.2	1.45	CK
	J033219.32-274514.0	3400329	0.7241	0.20 ± 0.04	1.14	2	Pec/T	3.9	-	CK
	J033225.26-274524.0	3400279	0.6648	0.23 ± 0.02	1.20	2	Pec/T	3.6	2.3	CK
	J033219.61-274831.0	3300651	0.6699	-	-	3	Pec/M	3.1	-	PR
	J033230.43-275304.0	2200433	0.6453	-	-	3	Pec/M	4.7	-	CK
	J033234.12-273953.5	2500971	0.6273	-	-	3	Pec/M	5.0	-	CK
	J033239.72-275154.7	2200829	0.4151	-	-	3	Pec/M	3.5	-	CK
	J223257.52-603305.9	HDFS5030	0.5821	0.26 ±0.01	1.46	2	Pec/M	4.3	2.7	CK
	J030240.45+001359.4	CFRS030508	0.4642	-	-	3	Pec/M	3.3	-	CK
	J033245.11-274724.0	2300800	0.4346	0.21 ±0.01	1.77	7	C	1.8	0.5	RD
	J033232.96-274106.8	2500425	0.4681	-	-	3	C	1.5	-	PR
	J030238.74+000611.5	CFRS031032	0.6180	-	-	3	C	1.8	-	PR
	J033220.48-275143.9	3202141	0.6778	0.01 ±0.03	1.10	2	c	2.6	1.2	CK
	J033228.48-274826.6	3300684	0.6686	-	-	3	c	2.3	-	CK
	J033240.04-274418.6	2400536	0.5220	-	-	3	c	2.4	-	CK
	J033244.20-274733.5	2300750	0.7360	-	-	3	c	1.7	-	CK
	J223256.08-603414.1	HDFS5140	0.5649	0.42 ±0.01	1.87	2	c	2.8	2.1	CK
	J033210.76-274234.6	4402679	0.4169	-	-	3	M	4.4	-	CK
	J033224.60-274428.1	3400618	0.5368	0.09 ± 0.03	1.19	2	M	3.8	2.5	CK
	J033227.07-274404.7	3400743	0.7381	-	-	3	M	4.5	-	CK
	J033230.57-274518.2	2400243	0.6799	-	-	2	M	9.2	-	CK
	J030252.03+001033.4	CFRS031309	0.6170	-	-	3	M	9.6		

-CK " Redshift measured by [OU] émission.

  Kobulnicky & Kewley 2004; Liang et al. 2006; 

	Savaglio et al. 2005; Lamareille et al. 2007), 1 < z < 2 (Liu et al.

2008;

Erb et al. 2006;Shapley et al. 2004; Maier et al. 2006) and Z > 3 (Maiolino et al. 2008)

. A significant évolution is found as a function of redshift: z ~0.7 galaxies show on average a gaseous abundance with a factor of two less than local counterparts at a

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[START_REF] Van Dokkum | On the Assembly History of Early-Type Galaxies in the Hubble Deep Field-North[END_REF] 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 randontly 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,

Table 6 .

 6 We hâve completed our sample with 30 galaxies from

	Liang et al. (2006), referred hereafter as sample B. These
	/ab < 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
	Hammer et al. (2005) and Liang et al. (2004a) for a complété
	description.

1 Ms observations

(Giacconi et al. 2002) 

and radio détection from the Australia Telescope Compact Array 1.4 GH/.

[START_REF] Afonso | [END_REF] 

hâve been used to identify Active Galactic Nuclei (AGN), see Sect. 3.3. The rest frame magnitude in 7, Â'-band and the luminosity at 2800 A hâve been derived by modeling galaxy SEDs using 1SAAC 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, /ab from the ACS. MK, Mj, L\r is given in

Table 2 .

 2 Number of galaxies (208 galaxies + 4 QSO) by spectral type in the IMAGES and selected sample: [O II], HjS, [O lit] and H,, émission

	lines detected (El); [On], H/>\ [Olit] detected (E2); [Ou] out of the
	wavelength range (E3); H/? or/and [O m] 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 wre 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							

Table 2

 2 

	),

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 5 .

 5 Identified systematic uncertainties that could impact on the shift of the M-Z relation between z ~0.6 and high-^galaxies.

	Possible bias	Z	Comments	
	Metallicity calibration	0.3	Systhematic between N2 and	3 calibrations
	Properties of HII région	-0.16	For high-f. sample with N2 calibrations
	Extinction	-0.3	/?23 estimated sample without extinction correction
	Stellar mass	-0.05	See Sect. 5.4	
	only 40 are absorption line galaxies. From the 65 émission lines	
	galaxies with EQW(OII) > 15,40 hâve been studied, the rest be-	
	ing rejected mainly for instrumental reasons (sky lines, instru	
	ment artifacts, etc.).			
	Thus existing modeling hâve difîiculties in reproducing our	
	observations, i.e. a strong évolution of the métal abundance of	
	intermediate mass galaxies over the last 6 Gyr.			
	6.3. The star-formation efficiency of intermediate mass		
	galaxies atz~0.6			

Table 8 .

 8 continued.

	Name	z		log 122111 lue H/.'	loal*4Iül 1Uë lOili	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
	.1033245.51-275031.0	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 2

 2 

				summarizes the obser-
	vational conditions resulting from both SDSS and GOODS. We
	are interested in verifying whether the analysis of distant galax
	ies is based on data as deep as or deeper than those used for local
	galaxies:			
	SNRhst	I FWHMHST	/ 7'HSI	Dhst
	SNRsdss ~V FWHM30^* V TSDSS * DSDSS
		gSDSS f^S	|
		^HST * y-SDSS * (ïTzf'	(0

It tums out that, after accounting for cosmological dimming and A-correction (the last term in Eq. (T)), the GOODS imaging is

Table 1 .

 1 Wavelength comparison of different bands in SDSS and GOODS(ACS).

	Survey	-	u band	g band	r band	i band	z band
	SDSS	-	3551 Â 4686 Â 6165 Â	7481 Â	8931 Â
	-	B band	V band	/' band	z band	-	-
	GOODS	4312 À	5915 À	7697 Â	9103 À	-	-
	rest-frame	2582 Â	3542 Â	4609 Â	5451 Â	-	-

Table 2 .

 2 Observational parameters for both SDSS and GOODS( ACS) imaging.

			SDSS			GOODS ACS	
	D = telescope diameter (m)		2.5			2.4		
	Band	H	S	r	B	V	i	Z
	T = Expo-time (s)	53.907456	53.907456	53.907456	7200.00	5450.00	7028. (XI	18232.00
	B = sky background (mag)	22.15	21.85	20.85	23.43	22.74	22.72	22.36
	Filter FWHM (À)	567.00	1387.00	1373.00	728.95	1565.50	1017.40	1269.10
	Filter range (A)	-1000.00	-1800.00	-1500.00	8780.00	2570.00	1910.00	>3080.00

Table 3 .

 3 Fraction of the different morphological types for local and distant samples.

			Local			Distant	
	Type	Total (%)	Quiescent (%)	Starburst (%)	Total(%)	Quiescent (%)	Starburst (%)
	E	3 ± 1	3 ±2	0±0	4 ± 1	11 ±3	0±0
	SO	15 ±4	14 ± 4	20 ± 10	13 ±2	33 ± 6	0±0
	Spiral	72 ±8	76 ± 10	55 ± 17	31 ±7	31 ±6	31 ±8
	Peculiar":	10 ± 3	7 ± 3	25± 11	52 ±9	25 ±5	69 ± 12
	P/lrr	4 ± 2	2 ± 1	15 ±9	26 ±7	21 ±5	29 ± 8
	P/Tad	0 + 0	0±0	0±0	6±3	0±0	10 + 5
	P/Mer	4 ± 2	4 ± 2	5±5	20 ±6	4 ± 2	30 ±8
	P/C	2± 1	1 ± 1	5 ± 5	0±0	0±0	0±0

Table 1 .

 1 Morpho-kinematical classification of 52 zmet|jan = 0.65 galaxies.

	Redshift	ïmalian -0.65	£mcdiüii -0.65	Mnedian	0.65	z = 0
		Starburst (60%)	Quiescent (40%)	Ail		local
		VVo(OIl) > 15 Â	Wo(OIl) < 15 À	Ail		Ail
	référencés	N 08	Z06	NOS		N04
						H05
	type					
	E/S0	0%	57%	23%		27%
	Rotating spiral disks	23%	43%	31%		70%
	Non-relaxed &	77%	0%	46%		~3%
	intermediate Systems					
	Galaxies with					
	anomalous	68%	0%	41%		
	kinematics					
	From Neichel et al. (2008) (see their Table					

Table 2 .

 2 Classification of the quality of the mode! in reproducing mor phology and kinematics.

	IAU name	Class"	Cl*	A	Cl* C'IFH		Cl*		FC
	J033210.25-274819.5	NR	212	5	222		222	6	6
	J033212.39-274353.6	RD	-	-	-	-	-	-	6
	J033213.06-274204.8	SR	221	5	122		211	4	5
	J033214.97-275005.5	NR	101	2	111		111	3	3
	J033217.62-274257.4	NR	022	4	212		122	5	5
	J033219.32-274514.0	NR	112	4	202		112	4	4
	J033219.61-274831.0	NR	121	4	121		121	4	4
	J033219.68-275023.6	RD							6
	J033220.48-275143.9	NR	111	3	110		010	1	2
	J033224.60-274428.1	NR	222	6	122		222	6	6
	J033225.26-274524.0	NR	120	3	Ml		MO	2	3
	J033226.23-274222.8	SR	-	-	-	-	-	-	6
	J033227.07-274404.7	NR	222	6	122		222	6	6
	J033228.48-274826.6	NR	111	3	120		220	4	3
	J033230.43-275304.0	NR	122	5	211		212	5	5
	J033230.57-274518.2	NR	010	1	101		100	1	1
	J033230.78-275455.0	RD							6
	J033231.58-274121.6	RD							6
	J033232.96-274106.8	NR	121	4	122		221	5	5
	J033233.90-274237.9	NR	212	5	221		222	6	5
	J033234.04-275009.7	SR	211	4	121		121	4	4

Table 1 .

 1 Principle properties of the sample of 35 galaxies used in this study, in order of increasing RA (see Sect. 2.5).

	IAU ID	Z	D.C.		AVflai	log ( A,/Sjej|ai / A/©)	SFRuv	sfr]R	SFR	A SFR	Ruv	A/?uv	R[OII]	AR|om	log(Mm/M0)	A log
	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	11.44	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	0.11
	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
	.1033220.48-275143.9	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	0.3.3
	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
	J033227.07-274404.7	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	0.11	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	11.24	47.57	58.8	0.7	8.85	0.11	10.28	0.52	10.68	0.05
	J033230.7S-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	0.11	11.99	3.47	9.89	0.39
	.1033239.04-274132.4	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
	.1033240.04-274418.6	0.5223	CK	470	214	10.77	1.67	15.38	17.1	0.4	1.95	0.09	5.11	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
	J033245.11-274724.0	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	110	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
	.1033250.24-274538.9	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	110	26	10.01	2.10	-	6.1	4.0	3.83	0.12	6.85	0.18	9.77	0.19
	Notes. From left to right: IAU 1D, redshift (front Ravikumar et al. 2007). dynamical class (front Yang et al. 2008), rotation velocily and associated uncertainly (front P08), stellar mass log (
	(front P08). SFRuv (in M0/yr), SFRIK (in A/0/yr), total SFR and associated uncertainty ASFR (in MJyr), rest-frame UV half-light radius Ruv and associated uncertainty ARlJV (in kpc), fOU] total
	radius R[0h] and associated uncertainty AR[0ii] (in kpc), and mass of gas log (A/gus/Af0) witlt associated uncertainty A log (Afst(.uar/M0).				

cruciale nécessaire pour garantir une compréhension solide des différents processus physiques conduisant à la séquence de Hubble actuelle. En utilisant la spectroscopie intégrale de champ, qui fournit un diagnostic cinématique complet, nous avons été en mesure de tester notre méthode de classification morphologique en fonction de l'état cinématique de chaque galaxie.En utilisant notre classification, nous avons trouvé une corrélation morpho-cinématique bien meilleur qu'avec d'autres classifications. En appliquant notre classification à un échantillon représentatif de galaxies à z ~0.6, nous avons constaté que 4/5 des galaxies spirales sont des disques en rotation, tandis que plus de 4/5 des galaxies particulières ne sont pas en équilibre dynamique.En appliquant notre classification morphologique à deux échantillon représentatif de galaxies locales et distants, disposant des données observationnelles équivalentes, nous avons obtenu une séquence de Hubble dans l'Univers local et dans l'Univers distant.

However, the problem of the cosmic variance still remains to be solved.Rodney DELGADO-SERRANOPhD thesis

PhD thesisRodney DELGADO-SERRANO

PhD thesis

Ravikumar et al. (2007).From the /Ab < 23.5 mag objects we hâve selected 74 galax ies that hâve [O II], H/3, [Oui] émission fines, in order to evaluate their metallicities. Table2describes the construction of the working sample by the availability of spectral fines. From the sample of 74 galaxies, we hâve excluded 6 objects because of 1 1RAF is distributed by the National Optical Astronomical Obscrvatories, which is operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation.

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

It is the moment when the decoupling of photons and matter take place (see more details in section A.2).Rodney DELGADO-SERRANOPhD tliesis

Spécial thanks to the "Uranoscope de France", the French Embassy in Panama,

Table 8. Some important émission line ratios, the oxygen abundance in the ISM and stellar mass. The uneertainties of the line ratio and metallicity are from uneertainties of extinction and émission line flux measurement. Galaxies in which extinctions hâve been estimated only with Av(JR\im) are lower limits of metallicity. When log/î^> 1 the oxygen abundance is indicated with1). 2 for the classification of the modelling and Table 3 for the general properties of these galaxies. In the observable Universe, the gravitational force is the principal responsible for the formation of structures.

One little mass overdensity can resuit in an aeeretion process. It is the beginning of the formation of structures. Then, other forces show up, while the aeeretion process is in action, and they could finally drive the System to equilibrium. The final spatial scale of the object will dépend on the amount of mass accreted or that could be accreted. Two examples of forces that could counteract gravity, in the case of small scales, are the thermal radiation and the nuclear forces. For large scales, the conservation of angular momentum is crucial in the way to the equilibrium.

In anv case, the new structure can be considered as an isolated set of compunents wliich do not follow the general Universe expansion, but its own évolution. However, the lirst thought, before studying those sets as isolated, is how the Universe lias evolved to form ail the different objects or structures at different scales as we can see today through the best télescopes in the world. This is not so well known until now. Nevertheless, two théories confront eacli other to try to explain the Universe évolution, and find an answer to how the different structures at different scales hâve been formed. Botli of them are based on observational and theoretical results, but tliey présent two different ways of the Universe évolution.

formation of structures

A.l The primordial collapse model

The primordial collapse model, also known as the adiabatic scénario, proposes the formation of smaller structures after the formation of the largest ones. This is the reason why it is known as the top-down model (see figure A.l). As a conséquence, this model predicts the formation of massive galaxies very soon after the big-bang (z ^3) when a primordial collapse of matter is produced. Sunyaev k [START_REF] Sunyaev | Small seule entropy and adiabatic density per turbations -Antimatter in the Universe[END_REF] give the principle (see also Zeldovich, 1967;Zel'Dovich, 1970;[START_REF] Doroshkevich | The Origin of Galaxies in an Expanding Universe[END_REF]Peebles, 1970;Peebles k Vu, 1970;Shandarin k Zeldovich, 1989). First, little adiabatic perturbations take place in the beginning of the Universe. Then, onlv the inost important perturbations survive the because those smaller than a limit mass were smoothed by the photon diffusion. Finally, large structures are formed with ellipsoid shape (z ~5), to be then fiattened following the minor axis and forming what Zeldovich called "pancakes". These pancakes segment and forrri the galaxies. One of the principal results of this theory is that it is consistent, as a natural conséquence, with the scale of the large structures.

So far, the model takes care onlv of the barvonic matter assuming that the baryons dominate the Universe, and thus predicts that the perturbations during the Recombination are of the order of 3xl0~3. Nevertheless, with satellite GOBE it lias been found that those perturbations could not be larger than 2x10 ~5 (see During the first tliree minutes of the Bing Bang, wliile the Universe goes from its spectacular 1032 kelvin to roughly 109 Kelvin, takes place the production of neutrinos among the reactions which produce photons. The theory also predicts a decoupling of neutrinos from rnatter, similar to the photon-matter decoupling which créâtes the today well known CMB (Cosmic Microwave Background). However, the neutrino-matter decoupling happens before the Recombination. Therefore, a cosmic neutrino background as dense as the photons of the CMB is also predicted.

One of the problems of the HDM rnodel is the inability to account for the galaxy distribution observed in the Universe (e.g., [START_REF] White | Clustering in a neutnno-dominated universe[END_REF]. The neutrino density was very high in the early Universe, and added to their greatly relativistic velocities, they could then smooth out any fluctuation in rnatter density and make the formation of any overdense région impossible. This implies tliat tliose overdense régions could be formed only later wlien neutrinos notably slow down (called neutrino "cooling") as a conséquence of the decreasing température Similar to the adiabatic model, the hierarchical model needed to be adapted to the new results Corning from COBE and those about the dynamic of galaxies, among others. It then became the Cold Dark Matter (CDM) model (Primack fc Blumenthal, 1984). The dark (non baryonic) matter, in tliis case, travels relatively slow, and this is the reason why it lias been called "cold". In the CDM model, very early in the Universe history (before the Recombination), the dark matter follows the little fluctuations and began to forai structures of very small mass, then by coalescence the bigger structures forai.

One weakness of the cold dark matter tlieory is that it does not make any pré to be a kind of massive particles. There is no known particle within the standard model of particle physics with the required properties (similar to HDM particles, but with higher masses and rnuch slower velocities)7. Researches continue in the particle accelerators. The second ones (MACHOs) would be coinposed of very compact objects like black holes, neutron stars, white dwarfs, very faint stars, or even objects such as planets. However, until now, the studies, using gravitational microlensings, show that such objects do not represent a significant percentage of the required amount of mass. Finally, particles called axions are still hypotheticals and are being searched.

In any case, according to the different (assumed) nature of the dark matter, a family of CDM models lias been developed during the past three décades: SCDM (Standard-CDM), OCDM (Open-CDM), rCDM, i/CDM, HCDM, WCDM, and the ACDM (see Dodelson et al.. 1996, for a quick review about the CDM models)(see figures A.4 and A.5)8. Nonetheless, nowadays, looking for the combination of °Just. for curiosity, the name "Axion" was adopted from a brand of detergent., making allusion to the fact that one of the QCD problems had been "cleaned" with their assumption.

7Nontheless, in supersymmetry théories, the neutralino is a possible WIMP (e.g., [START_REF] Braun | Searches for WIMP Dark Matter from the Sun with AMANDA[END_REF], and references therein)(see also [START_REF] Bertone | Particle dark matter: evidence, candidates and constraints[END_REF], for a review).

8Concerning the topologv of the Universe, there are also a subclass of big bang models that are Friedmann-Lemaitre solutions in which the space topology is multiply-connected instead of being simply-connected. One example is the Wraparound Universe tlieory ( Luminet, 2001, 20081)), which proposes a positive spatial curvature within a Poincaré Dodecahedral Space (PDS) topology [START_REF] Luminet | Dodecahedral space topology as an explanation for weak wide-angle température corrélations in the cosmic microwave background[END_REF]Luminet, 2008a). In this tlieory, the Universe lias a finite spatial extension without edge. The Wraparound Models hâve only implications on space geometry, and not on an expanding Universe composed of baryonic and cold dark rnatter. This cold dark inatter. as it lias been said before, is dissipationless and collisionless, which means, respectively, that it can not be cooled bv pilotons and that CDM particles can interact between them and with other particles only through gravitation. The real innovation of the ACDM model is the assumption of a non-zero cosmological constant (A) [START_REF] Peebles | Tests of cosrnological models constrained by inflation[END_REF]. This last is associated with a vacuum energy or dark energy, which would explain the current accélérâting expansion of space against the attractive effects of gravity. In the ACDM model the Universe is described by a hot big bang cosmology, where the Einstein's general relativity describes how gravity works, while the standard model of particle physics, with the addition of dark inatter and dark energy, explains the material content and the way particles [START_REF] Hubble | Extragalactic nebulae[END_REF][START_REF] Harrison | Fluctuations at the Threshold of Classical Cosmology[END_REF][START_REF] Zeldovich | A hypothesis, unifying the structure and the entropy of the Universe[END_REF]. More precisely, if one would hâve access to a map of the perturbations, one

would not be able to distinguish whether the map is one kiloparsec across, one megaparsec across, the size of the whole observable Universe, or even zillion times larger than the whole observable Universe. The Harrison-Zeldovich perturbations are adiabatic, which corresponds to a perturbation in the total density shared amongst the different components (they hâve the sanie profile, e.g., where the DM density lias a maximum, the densities of ail ot.her materials hâve also a maximum).

These adiabatic perturbations are density perturbations (point-to-point variations in density) eoming from earlier quantum fluctuations in the original scalar field that dominated the Universe during inflation. Tins scalar field is known as "the inflaton" and could thus be considered as the original material that later decays to create the material filling the présent Universe. In such a case, the Universe, in its origin, présents a thermal equilibrium during which energy is exchanged between the different "materials" until the adiabatic conditions are satisfied. Such a thermal State is important as it forces the perturbations in any kind of material participating in the thermal equilibrium to become adiabatic perturbations. Two properties characterize these perturbations, their lengtli scale (e.g., peak to peak distance) and their amplitude. Then, when the quantum fluctuations begin, they Rodney DELGADO-SERRANO PhD thesis formation of structures

In short, we hâve that the ACDM model is called hierarchical because structures grow by successive fusion of dark matter halos, whicli are follow by their baryonic content. When the cold dark matter is decoupled from the primordial plasma, it becomes insensitive to the interactions that bind the other components of that primordial plasma. Hence, it begins to condense, by the action of gravity, to forrn the dark matter halos. Later, as baryons become free, they are gravitationally caught by tliese halos, which make the growth of baryonic over-densities easier.

At the moment these over-densities exceed the Jeans' mass, their gravitational and kinetic energies cari then compensate each other, reaching the equilibrium and fixing their macroscopie properties (e.g., size, température), to finally condense by different cooling process [START_REF] Miralda-Escudé | The Dark Age of the Universe[END_REF]. The first baryonic structures to be formed like tliis hâve then a typical size of the présent globular clusters (105-10G MQ) [START_REF] Abel | The Formation of the First Star in the Universe[END_REF][START_REF] Bromm | The First Stars[END_REF]. Inside these halos will forin the first stars, which are metal-free and very massive (> 100 Me), at redshift 20-30.

These are named population III stars, and will live for a very short time, exploding in extremely energetic supernovae which may destroy the halos and, at the saine time, disperse their metals throughout the universe. The next star générations (populations I and II) are thus métal rich, less massive and hâve a longer live.

Their supernovae being less strong do not, destroy the dark matter halos, making the formation of larger gravitational structures possible (galaxies and clusters, for example; see figure A.ll).

Figure A.ll: Simulated galaxies in the ACDM model [START_REF] Rasera | The history of the baryon budget. Cosmic logistics in a hierarchical universe[END_REF]. the cycle return to step 1 (until there is no more line to read).

It is noted tliat the reading time can represent a substantial constraint for the observers, and may be greater tliaii the exposure time. In any case, sorne corrections must be applied to the CCD images before use them, in order to rectifv sonie instrument imperfections. The most important are descri lied below:

The bias: tliis is the residual background noise, whicli is a constant noise received by the instrument. An image of the bias can be obtained making an instantaneous exposure with the shutter closed (i.e., in the dark).

The dark: tliis corresponds to the bias plus an intrinsic thermal background noise produced by the instrument. It is proportional to the exposure time. and can also be irnaged with the shutter closed.

The flatfield: it allows to normalize the different responses that could hâve the 1This appendix B has been written thanks to the more detailed description presented in Lainareille (2UU6). The first 3D kinematic studies of a représentative sample of intermediate redsliift galaxies, using FLAMES/GIRAFFE (see figure 5.6 and section 5.1), were carried out by Flores et al. (2006) and Yang et al. (2008). Here I présent a short description of the kinematic analysis, as well as some preliminary results of a small sample I studied during my PhD.

C.l Toward a kinematic classification of distant galaxies Flores et al. (2006) developed a simple kinematic classification scheme for distant galaxies based on tlieir 3D kinematics and their HST optical images. It relies on the fact that at low spatial resolution, a rotating disk sliould show a well defined peak in the center of the cr-map, which corresponds to the convolution of the large scale motion (i.e., the rotation) with the (relatively small) dispersion of the gas in the disk or in the bulge. Indeed, the central parts of the galaxy, wliere the rotation curve rises most quickly, are not spatially resolved with ground-based optical spectroscopy and our classification fully accounts for its convolution with the actual PSF (point spread function). To summarize, we distinguish between the following classes:

• Rotating disks (RD): the VF shows an ordered gradient, and the dynamical major axis is aligned with the morphological major axis. The <r-map indicates The Uranoscope then let them know about the Uranoscope idea to help the interested people in Panama to construct an astronomical observatory there.

With this in mind, the Uranoscope proposed to offcr a telescope to Panama.

However, Panama should take the responsibility to build the appropriate structure.