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Introduction

Today, to a wide consensus, the Active Galactic Nuclei (AGNphenomenon is con-
sidered to be the manifestation of accretion of matter ontauper-massive black holes
(SMBHSs). However AGN can be as well de ned in a more cautiousay, as referring
to energetic phenomena in the central regions of galaxies ian are not attributed
to stellar activity.

The following introduction will rst summarize the princip al observational char-
acteristics which are usually present in the objects classil as AGN, the inter-
pretation given to them and the di erent selection techniqes characterizing AGN
surveys. It will then explain the purpose of the work preseetd here.

1.1 The main classes of AGN

Di erent sub-classes of objects are regrouped in the famiyf AGN: quasars, QSOs,
Seyfert galaxies, LINERS, BL Lac objects, etc ... The exigtee of these di erent

names is re ecting the history of AGN discovery rather than anecessary di erence
in the physical nature of these sub-classes of objects. Fbid reason, | present here
a brief historical summary of the AGN study before presentimp the main class of
AGN.

1.1.1 Short historic
Seyfert galaxies

Although being a low luminosity class of AGN, Seyfert galags were the rst to

be discovered. It seems that the rst AGN spectrum to be takerwas, in 1908,
the one of the \spiral nebula” NGC 1068. It was noticed to havestrong resolved
emission lines [(Fathl 1908[ _Slipher 1917). But it was_Seyfe(1943) who real-
ized rst that they were a special class of galaxies presen§ an unresolved cen-
tral bright core with spectra dominated by high excitation nuclear emission lines.

lKha.QthLa.n_&AALeedma.ﬂl (1974) de ned two sub-classes of Sestfgalaxies from their

spectral properties: [...]The Seyfert galaxies are either in class 1,
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in which the Balmer lines are broader than the forbidden line S, or class
2, in which the forbidden lines and Balmer lines are the same w idth [...]"
This de nition is now generalized to permitted emission lies in comparison to for-
bidden emission lines.

Quasars and QSOs

If the most luminous class of AGN, formed by Quasars and QSOisas only been
discovered 40 years ago, it is because these objects are earé appeared in direct
images to be normal stars, until some of them where remarkesd laeing radio sources.

In the 50s, with the development of the radio techniques a newabservational
window opened itself to astronomers. Most of the detected de sources at high
Galactic latitude were associated with galaxies. Using iatferometric techniques,
IMatthews & Sandagk|(1963) reported the rst unambiguous cocidence of the radio
source 3C 48 with a stellar like object. However they did notnd an interpreta-
tion for the strange spectrum they obtained. A few months lar, [Schmidkt | )
identi ed the emission lines of another stellar-like radiosource, 3C 273, with the
Hydrogen Balmer series, redshifted by = 0:16. He concluded that this object was
either a star with a high gravitational redshift, or an extragalactic object with a
large cosmological redshift. It was then possible to idefyi the emission lines seen
in the spectrum of 3C 48 and to measure its redshift of 0.37. €hdistance cor-
responding to this considerable redshift implies a lumindg which is 100 times
larger than that of a bright spiral galaxy. Particular attention was immediately
drawn to these conclusions and other similar objects wereigkly found. Since the
physical nature of these objects was not understood, they ete called "quasi-stellar
radio sources', which was shortened to 'quasars’. It was lead later { by apply-
ing other selection techniques { that most of the objects ofis class did not have
high radio luminosities. For this reason, the term QSO, stating for '‘Quasi-stellar
object' was introduced. Nowadays, both terms are in generaked regardless of the
radio-loudness of these objects or of their morphology.

1.1.2 Nomenclature
Seyfert, Quasars and QSOs

In fact, the only di erence between a quasar and a Seyfert gaty is the luminos-
ity contrast between the compact central source and its hogjalaxy. As previously
reviewed, historically, the appearance of quasars did noiggest identi cation with

galaxies, since only the non-resolved nuclear source wasedted. This morpho-
logical property (point-like object) has been later used aa selection criterion to
nd quasars, contributing hence in leaving a large luminosi gap between Seyfert
galaxies and quasars. Nowadays both ground based and HSTvays have shown
that all quasars with redshift up to 0.5 are embedded in the raleus of a galaxy
(Eloyd et all 2004) and it is clearly established from the siitarity of their spectra

and of most of their properties which vary continuously fronthe faintest Seyfert
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Figure 1.1: Example of diagnostic BPT diagrams for galaxies of the SloarDigital Sky Survey

(Source:[Kewley et al.l 2006Figure 1).

galaxies to the most luminous quasars that Seyfert galaxieshd quasars form a
single class of objects.

Traditionnally, following Schmidt & Green (1983), objectswith Mg < 23 are
referred to as quasars or QSOs, while objects witdg > 23 are referred to as
Seyfert galaxies.

There are two main classes of Seyfert galaxies and QSOs. Thset one, called
hereafter type-1 AGN, has two distinct sets of emission lise one set of lines {
referred to as \broad emission lines"{ corresponds to pertteéd atomic transitions
and has width of several thousands km$; the other set of lines {referred to as
\narrow emission lines"{ correspond to forbidden atomic tansitions which have
widths of a few hundreds kms!. In the second class, called type-2 AGN, both
permitted and forbidden lines are \narrow". Type-1 AGN exhbit a continuum
emission which can be well approximated by a power law speatn but type-2 AGN
continua are very faint in the optical wavelength and are domated by the stellar
emission of their host galaxy. For this reason, in optical gttroscopy, one needs
to compare the intensity ratio of two pairs of emission lineg order to distinguish
type-2 AGN from normal HIl regions. Such diagnostic diagramare referred to as
'BPT' diagrams from Baldwin, Phillips, & Terlevich| (1981).

There are examples of AGN with intermediate type where a weairoad-line
component is detected underneath prominent narrow lines. @lassi cation scheme
was proposed by Osterbrock (1981).

A sub-group of type-1 AGN (10 to 20%) are observed to have brdabsorption
lines blueward of the emission redshift and are characteed by out ow velocities
reaching up to 60 000 kms'. They are referred to as Broad Absorption Line QSOs
(BAL QSOs).

The work presented in this thesis is based on a type-1 AGN seyv This is as
well the case of most of the studies | will mention in this irdduction. For this
reason, | will often use the terms \type-1 AGN"\QSQO" or \broad line AGN" rather
then the more general \AGN" term.
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LINERs

\Low-ionization nuclear emission-line region galaxies"rd_INERs form a very com-
mon class of AGN with very low nuclear luminosities. They migt be present in
almost half of nearby spiral galaxies.(Ho et al. 1994). As Seyt-2 galaxies, they
have narrow emission lines; but relatively strong low-iomation lines, and can be
distinguished from HIl regions and Seyfert-2 with a BPT diagam. Figure[I gives
an example of such diagrams.

OVVs, BL Lac Objects and Blazars:

Optically Violent Variables (OVVs) form a subset of AGN with large ux variability

( 10%) within a few days. OVVs are often highly polarized objés These prop-
erties are shared by another class of AGN called \BL Lacertag¢BL Lac) objects
which are distinguished by the absence of strong emissionatrsorption lines in their
spectra. OVVs and BL Lacs are referred to as \Blazars" and thyeare all found to
be strong and variable radio sources.

Radio Galaxies:

Strong extragalactic radio sources, if not quasars, are tigally identi ed with giant
elliptical galaxies. Some of these objects show emissiareb from the nuclear region
indicating AGN activity. Analogous to the situation with Seyfert galaxies they
come in two types; broad-line radio galaxies (BLRGs) and nesw-line radio galaxies
(NLRGs). These can generally be considered to be radio-lotgpe 1 and type 2
Seyfert galaxies, except that they are not found in spiralske most Seyfert.

X-ray Bright Optically Normal Galaxies (XBONGS):

Recent X-ray surveys unveiled a class of X-ray-bright galées which do not show
evidence of AGN activity in their optical spectrum. These ofects have a large X-
ray to optical ratio and a hard X-ray spectrum which excludesX-ray binaries or
hot gas as being the X-ray powering sources (Fiore et|al. 20®brnschemeier et al.
2001;| Barger et all 2001). This category of objects is of pamtlar interest since
they constitute a large fraction of the X-ray point-like pomlation (  50% of the
S, skev > 10 Pergscm?s 1) and might contain the population of obscured AGN

needed to model the X-ray background (Comastri et al. 2002).

1.2 Observational properties

1.2.1 Small angular size

One of the most striking properties of AGN, is their very sméalapparent angular
size which remains in general unresolved. This is a rst indator of small physical
size of the AGN region.
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More precisely, this point-like aspect depends on the lunosity contrast of the
AGN over its host galaxy and of the observed wavelength. Ramioud AGN, in
addition to an unresolved compact source have often brighkended lobes which can
exceed the size of the host galaxy by signi cant factors. Inptical wavelengths, the
narrow emission lines region (NLR) of close-by AGN can be mged and corresponds
to a scale of 100 parsecs.

1.2.2 Variability

Flux variability is seen across the entire observable eleomagnetic spectrum of AGN
on time-scales from minutdbto years (Kralik et all 1991;[Edelson et A1 1996). In
general, brightness levels slowly increase and decreasamnirregular, non-periodic
fashion, with typical ux variations of  10% on the scale of years. Superimposed on
this variation there can be occasional outbursts of varyindurations and magnitudes.
Major e orts to study the variability of QSOs, at optical wavelength, pinned
down a complex set of correlations with di erent parametergluminosity, rest-frame
wavelength, redshift, etc ...). Those trends are potentialools to constrain or

rule out AGN theoretical models (e.g. Cristiani et al| 1996Kawaguchi et al.|1998:;
Vanden Berk et al.l 2004, see Helfand et lal. 2001 for a review).

More speci cally, variability is used to probe the size of uresolved inner regions
of AGN: since some AGN are variable over a few-days period,€ih size can not
exceed a few light-days. It is also observed that the broad éwion-line uxes vary
with the continuum ux, but with a short time delay (some weeks), whereas the
narrow emission-line uxes do not vary on short time scalesFrom this it can be
inferred that the broad emission lines region (BLR) is a faly small region of gas
which is photoionionized and optically thick to ionizing catinuum radiation. At the
contrary, the narrow line emission comes from clouds of gaguting and blurring
the continuum variations over large volumes and large recdmmation timescales.

1.2.3 Radio emission

The radio properties of AGN can be markedly di erent from onebject to the other.
Strittmatter et al.l(1980) found in the case of QSOs a dichotay between radio-loud
and radio-weak QSOs which was con rmed later by various stigs (Kellermann et al.
11989 Miller et alli199B). This dichotomy could not be explaid by a single orientation-
based scheme (s€e_1.B.2). QSOs were then de ned as \radiodlbwhen their radio-
to-optical ux ratio, R, was exceeding a certain value (e.g R 10, [Kellermann et al.
@b). The remaining objects are quali ed as \radio-quiet” Only 10 to 20% of type-
1 AGN are radio-loud. Radio-quiet QSOs are associated witheak di use emission
while Radio-loud QSOs are of two kinds: at-spectrum core@minated sources or
steep-spectrum lobe-dominated sources (Miller et lal. 19%8ellermann et al.|1994).
However, there is still a controversy in the literature abouthe existence of a
bimodality in the distribution of radio loudness of QSOs: whe llvezt et all (2002),

1This is only true the X-ray range.
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based on the deep radio survey FIRST (Becker etlal. 1995) coiméd with the large
optical SDSS surveys, found evidence for a \radio-loud"/\adio-quiet" dichotomy,
White et all (2000), based on the FBQS survey, and Cirasuola al] (2003), based
on a merged set of QSOs surveys, found a population of radidermediate QSOs
which suggests that this dichotomy has been overestimated even does not exists.

1.2.4 Other properties

Apart from being unresolved variable sources, AGN are charerized by a wide
spectral range of emission, from the radio to the-ray. All AGN seems to be
infrared and hard X-ray emitters.

One can as well quote that the optical polarization of QSOs is general higher
than the one observed in stars (from 0.5 to 2%).

1.3 The actual paradigm

1.3.1 Accretion onto a super-massive black hole

The most generally admitted interpretation given to the melsanism behind this
huge wealth of energy (up to 1 ergs ') emitted from such a small volume (a
few parsecs) is accretion on to a super-massive black holé/1@H) and liberation
of the gravitational energy associated with the infalling ratter through dissipative
processes (Zel'Dovich & Novikov 1964; Salpeter 1964; LymdBell 1 Rees 1984).

Since the gravitational force applied on the gas falling oatthe central engine
has to be larger or equal than the radiative pressure, one cank the luminosity L
emitted by the central engine to its masdv. Under the hypothesis of a spherical
symmetry:

L e GMm,
4cr? r2
where . is the Thomson cross section anth, the proton mass. One can see that
this relation is independent of the last parameter, standing for the distance to the
central massM .
From relation[L, a lower limit on the mass of the hypothetial SMBH is obtained
considering that the AGN is emitting light at the Eddington limit, i.e. the limit
where the radiative pressure is balancing the gravitatiomgotential:

(1.1)

M 8 10PLuM (1.2)

where L 44 is the luminosity in units for 10* erg.s !, typical for a luminous Seyfert
galaxy.

A further evidence supporting this interpretation is that SMBH are possibly
ubiquitously present in the centers of galaxies. The obsetwnal evidence for this
is mostly based on gas and stellar kinematics of close-by @etic cores which imply
large amounts of non-luminous mass (80 10°M ) concentrated in parsec-sized

volumes [Richstone et all 1998).




1.3. THE ACTUAL PARADIGM 7

Figure 1.2: Constraints on the nature of the observed dark mass in the Galctic Center

(Schedel et all 2008, Figure 12). The horizontal axis is thesize, and the vertical axis the den-
sity. Filled circles denote the various limits on the size/density of the dark mass derived from
kinematical studies discussed in_Schadel et al.|(2003) andhe grey shaded area marks the con-
straints on the size of the variable X-ray emission from Bagao_et al.|(2001). Large lled squares

mark the location of di erent physical interpretation to th e central object. The up-to-date available

measurements exclude all con gurations but those of a blackole and a boson star.

The Milky Way itself contains such a \dark" object coinciding with the radio and
X-ray source Sagittarius A*. The tight constraints of the mas distribution of the
galactic center given from the orbit of individual stars clee to it (Schedel et al. 2002)
and the size of its variable X-ray emissior (Bagano_et al. Z01) exclude most of the
interpretation for the nature of this objects alternative to the SMBH hypothesis (see
Figure[L2).

The Milky Way however, and most galaxies, do not show signiant nuclear
activity. This has raised the idea that AGN might be a temporay phenomena
ignited at certain times when the central SMBH of a galaxy getuelled. It is not
clear which event would dominate this triggering of AGN: magr or minor galaxy
mergers? galaxy-galaxy interaction? some in ow processtiimsic to a galaxy? In
fact the way in which a highly luminous AGN (e.g. QSO) can be &iwated probably
di ers from the way in which a faint AGN (e.g. LINERS) is initi ated.
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1.3.2 The uni ed model

Figure 1.3: Sketch of the uni ed model in the case of radio-loud AGN (Urry & Padovani 1995).

In this scenario a dusty torus is surrounding the broad line egion. For an observer looking at
the AGN in the plane of the torus, the continuum emission produced by the accretion disk and
the broad emission lines coming from dense gas clouds closethe SMBH ( 0:03 0:3 pc), are
obscured. Narrow emission lines are emitted from low densjtclouds ionized by the central source
at much larger distances ( 100 pc) and remain visible in all orientations. Blazars are iterpreted

as AGN observed from a line of sight close to the radio jet axis In the case of radio-quiet AGN,

the radio jet would be absent.

As reviewed in sectioiI11, there is a large variety of AGN phemena with some
overlapping properties. If the same physical process is abwk in all of them, the
various classes of AGN might only be the result of observatial e ects.

Although di erent uni cation schemes were explored, the atial standard model
explains how the di erent classes of observed AGN can be prackd by the same
physical object viewed from di erent anglesi|(Antonucti 199 Urry & Padovani1995).
In this scenario, there are only two distinct classes of AGNadio-loud and radio-
quiet AGN. Figure [I.3 gives an outline of this model. The basiidea is that the
continuum and broad-line emission component of the AGN carr mot be obscured
by dust depending on the relative orientation of the observeo the accretion disk.
The absorbing dust component is in general assumed to form artis surrounding
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the accretion disk and the broad line emission region on a @&c scale. Narrow
emission lines are emitted on a much larger scale (100 pc) and therefore remain
visible in all orientations. AGN observed with the accretia disk and BLR obscured
by the dust torus will then be seen as type-2, while the ones tiwia non-obscured
accretion disk will be seen as type-1. The large ux and polemation variability of
blazars can be interpreted by this scenario, consideringahwe observe the object
close to the axis of the radio jet.

Spectropolarimetry has played an important role in estaldhing this uni ed pic-
ture: some type-2 AGN were revealed as type-1 AGN when obsedvin polarized
light. This is attributed to scattering of broad-line emisson above the poles of the

dust torus (e.g.lAntonucail 1982} Antonucci & Miller| 1985).

The rst observation of an AGN with a spatial resolution clo® to the size of the
torus inferred by the models, was recently given by the intégrometric mid-infrared
observation of NGC 1068's central AGN|[(Ja e et al. 2004). Thee observations
reveal a well-resolved warm-dust (320K) structure of the ate of 3 parsecs sur-
rounding a hot structure (800 K) of 0.7 parsec. However, a midetter resolution
is still required to distinguish between the heuristic homgeneous torus model from
a patchy structure formed by individual clouds that would beneeded to explain the
dust temperature derived from these observation@@).

1.4 AGN selection techniques

Determining the properties of the AGN population as a functn of redshift requires
large and unbiased samples.

The rst di culty for building such catalogs is that AGN are f aint and {if one
excludes the local LINERS{ AGN are rare: at optical wavelerths QSOs constitute
only 1% of the faint population of sources.

For this reason it is necessary to pre-select AGN candidataad make a compro-
mise between a certain preselection e ciency and completess rate. The e ciency
being the fraction of bona de AGN inside the AGN candidate ctalogs and the
completeness being the fraction of AGN full- lling the seletion prerequisites.

It is important to realize as well that AGN are observed in a lege variety of
forms, connected by a complex set of overlapping propertiest is therefore not
possible to make a census of the complete AGN population in mgle homogeneous
survey. Obviously the di erent survey described hereafteare focusing on specic
sub-classes of the AGN population. In particular most of tha {and this is aswell
the case of this thesis{ are QSOs surveys.

Before describing some of the main AGN selection technigyese can remark
that the number of known AGN exponentially increased in the ecent years, as is
illustrated for QSOs in Figure[T#. Table[Tll lists some exates of recent AGN
surveys for which di erent selection techniques are used.
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Figure 1.4: Evolution of the number of QSOs published in the \eron & \er on catalog

(Meron-Cetty & Veron|2006).

1.4.1 Optical surveys
Multicolor Techniques

In general, QSOs surveys are pre-selecting their candidatevith the UV excess
technique: quasars are brighter in the ultra-violet than mst stars. Combined with
a morphological preselection of non-resolved objects, $his the most e cient way to
build large samples of QSOs (hereafter UVX). The Two-Degrdgeld QSO Redshift
survey (2Qz) is the largest UV-excess-selected survey, lidn e ciency above 50%
|2004). It contains 20000 spectrocopically con rmed QSOs and is

the second larger QSOs sample after the SDSS quasar sampée (fable[T1L). The
drawback of this technique is a bias at low redshift againsthe objects for which
the host galaxy is detected and resolved. Furthermore, thiechnique is not able to
select QSOs with redshift larger than 2.3 as the Lyman alphank is shifted out of
the UV passband.

Multi-color techniques are now used to overcome this limiteon and isolate QSOs
from starlight-dominated objects. The currently largest GO survey, the SDSS QSO
survey, desmonstrates the high e ciency of this multi-colo preselectiond.

Higher redshift QSOs ¢ & 5:7) are targeted by dedicated surveys using near-IR
wavelengths (Fan et all 2006).

To probe the faintest magnitude the COMBO-17 project identes AGN based
on the photometry in a set of 17 lters (Wolf et all [200B8). The pectral-energy-
distribution tting technique developed by this team leadsto a good redshift accu-
racy ( z 0:03) without the necessity of spectroscopic follow-up, at thprice of a

2The complex selection algorithm of the SDSS is mostly basedroa multi-color photometric
catalog but takes into account radio emission and morpholog as well.
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small fraction of wrong identi cation and 'catastrophic' redshift measurements.

In general, QSOs with peculiar spectral energy distributizs (SED) will tend to
be under-sampled in color selected surveys. This might beetltase of BAL QSOs,
heavily dust-reddened QSOs or Seyfert-1 galaxies contamaiad by their host light
contribution.

Slitless spectroscopic survey

Due to their non-stellar continuum and jutting broad emissin lines, type-1 AGN
can be e ciently selected from slitless spectroscopic sueys as demonstrated by the
pioneer work of Markarian (1967) and_Smith[(1975). Two receillustrations of this
technique are the Large Bright Quasar survey (LBQS, Hewettt@ll1995%) and the
Hamburg/ESO Survey (HES, Wisotzki et al. 2000).

At the contrary of the UV-excess technique, slitless spectscopy has the advan-
tage of being very e cient for redshift larger than 2, via thedetection of the strong
CIV and Ly emission lines.

Most of slitless spectroscopic surveys are combining twonsplementary selec-
tion techniques: (1) identi cation of objects with a blue sgctral continuum; (2)
identi cation of emission line objects; This results in a copletness function which
is not varying dramatically with redshift as in the case of U selection.

These advantages Ieamm&) to recognize the evidefmr a decrease in
the space density of quasars at redshifts larger than 3.5.

Another major reward of this technique is its ability to selet groups of quasars
or lensed quasars, since all observed objects in the eld leaa spectrum.

A bias can result from the fact that there is no clear limitingmagnitude for
the detection of emission lines: strong emission lines car lenti ed in very faint
objects. This can be resolved by imposing aposteriori a litimg magnitude from
a broad band image. Special care needs also to be taken to dvoonfusions in
the case of superimposed spectra. In any case, the main limg factor of slitless
spectroscopy is the fact that the sky is integrated over thenéire eld of view. For
this reason, it is crutial to avoid the bright sky emission lhes and the spectral range
in those survey is volontary limited to . 5500A.

Variability and zero proper motion

Since:

1. It seems that {if observed on the scale of a few years{ all @S are variable
with time;

2. QSOs can be distinguished from galactic stars from theadk of proper motion;

variability and zero proper motion, are two alternatives m#hods to select QSOs.
Although they are expensive in terms of observing time, thegarry a strong case:

they might lead to the selection of QSOs that would have beenigsed by other selec-

tion criteria, giving thereby an independent handle on theicompleteness function.
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These criteria can complement the traditional UVX techniges to select AGN in
crowded stellar elds. In general, these two selection mebkls are in general com-

bined with other selection criteria (e.g. Cimatti et all 199;|Brunzendorf & Meusinger
2002; Rengstorf et al. 2004).

Optical selection of type 2 AGN

Because of their possible confusion with star forming regis, type-2 AGN are
more di cult to select than type 1 AGN in the optical wavelengths. However,

Djorgovski et all (2001) could select some type 2 quasars asior outliers in the

Digital Palomar Observatory Sky Surveyl Zakamska et all (ZI8), used the spectro-
copic data of the SDSS survey to select 291 type 2 AGNs at redsh0:3< z < 0:83,

on the basis of their emission-line properties.

1.4.2 The puzzle of X-ray surveys
It was already observed 30 years ago (see for example Tanambaet all [1979) that

guasars are strong X-ray emitters and that they contributeigni cantly to the cosmic
X-ray background (CXRB) discovered by Giacconi et al.

In fact, X-ray emission might be the most common and distincte feature of
AGN. But owing to technical challenges, X-ray space missierdid not have, until
recently, the sensitivity and spatial resolution needed teonduct surveys of AGN.

Thanks to ROSAT, and more recently to the Chandra and XMM mis®ns, the
selection of AGN in the soft 0.5-2 keV band yield the highestusface densities of
AGN in all wavelengths and techniques|(Miyaji et all 2000; Heginger et al.l 2005).

A major advantage forseen for X-ray selected samples is thability to select at
the same time type-1 AGN and type-2 AGN.

In the framework of the uni ed AGN scheme presented Sectidn32, constraining
the ratio of type-2 to type-1 AGN is of great interest: to repoduce the observed
CXRB, and in particular its observed hard X-ray peak at 30 KeV, from the
population synthesis of obscured and non-obscured AGN, omeeds to invoke a
ratio of type-2 to type-1 AGN as large as 4:1. In particular, ne expects to nd a
substantial population of luminous type-2 AGN, so-calledtype-2 quasars” or \type-
2 QSO" (e.g..Gilli et all [2001). Another requirement of thesenodels, to conciliate
the slope of the observed CXRB with the one of individual AGNis to consider a
peak of the redshift distribution for AGN at a redshift of 2, as observed in optical
samples.

The resolved fraction of the 2-10 keV hard X-ray background it the Chan-
dra Deep Field-North (CDFN |Giacconi et al/2002) and Chandr®eep Field South
(CDFS |Alexander et al.|2003) is as large as 85-90%, and intens ort of optical
identi cation of these faint sources lead to samples of reasable statistics with
good completeness Hasinger etlal. (2005). Despite this sition, the picture of the
AGN population and evolution is not as clear as forseen.

The bulk of the X-ray selected AGN is found to be low redshifteven if one takes
into consideration X-ray sources with no optical counterpd, this translates into
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evidence for a luminosity dependent density evolution of A8 (Miyaji_et al.| 2000;
Hasinger et al[2005), contrasting with the pure luminosityevolution model which
can describe optically-selected AGN LF.

It was a surprise to observe, how in the soft X-ray band 0.5-2&¥/, type-1 AGN
constitute the major population of bright sources. Thoughat fainter luminosities
type-2 AGN constitute the main population (Barger et all206).

Only a few examples of type-2 QSOs where uncovered by deepay-observation
(e.g.INorman et al! 2002) but the large absorption column dsities inferred for these
objects (Ny > 107 2%) makes them extremely di cult to detect or identify in soft
X-ray surveys. Conveniently, this leave some room for the palation of hidden
extreme objects required by the background models.

To detect these \Compton thick" objects,|Fiore et al. (1999)undertook a hard
X-ray AGN selected survey the High Energy Large Area Surve\HELLAS).

1.4.3 Radio surveys

If radio observations led to the discovery of the rst quasas, radio-selected quasar
are quite expensive in term of telescope time: one needs a evigky coverage with
excellent positions. The two largest radio survey are the NKO VLA Sky Survey
(NVSS) and the Faint Images of the Radio Sky at Twenty-cm (FIBT) survey
(Becker et al.|1995] Condon et al._1998). The FIRST Bright Qusar Survey is a
relatively large ( 1000) quasar sample selected from the FIRST radio obserais
combined to Automated Plate Measuring Facility (APM) optical catalog.

A major advantage of the radio selection technique is that cho wavelenth are not
a ected by dust extinction. For this reason, the chalenge afonstructing a complete
radio selected sample free of optical color pre-selectiomsvundertaken: an intense
spectroscopic observational programme for 878 at-speaim radio sources selected
from the Parkes catalogues yield a near-complete identi tan of these sources and
allowed to constitute the Parkes quarter-Jansky (PQS) atspectrum sample: it
comprises 379 QSOs of which 355 have measured redshifts kdan et al. 2002).

This survey found no evidence for a subsequent population\oéd-quasar”. But
since the radio-loud quasars selected in this sample copead only to 10-20% of
the QSO population, this leaves room for the hard X-ray and inared searches for
those objects.

1.4.4 Infrared and mid-infrared selection

AGN show infrared (IR) excess and, as in the case of radio, egtion of AGN in the
infrared facilitates the discovery of sources whose opticamission is extinguished
by dust.

The Spitzer mission is provi the p055|b|I|t\ to select &N from their mid-
infrared emission (e. gLLa.QLe.t_dE-;ﬁb 4: Sajina etlal. 2005Jhe rst results suggest

that indeed a signi cant population of obscured AGN is presd and is partially

missed in X-rays (Martnez-Sansigre et dl. 2005; Treisteet all 2006).
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Redshift

Survey Selection technique AGN() Limiting ux range Reference
2Qz u;b;r + morphology 23 338 b < 20:85 z. 23 ICroom et al. (2004)
u;g;r;i;z + radio + mor- I <191forz. 3 ] -
SDSS ohology 76483 | oo ra 3 z. 58 RRichards et al. (2000)
COMBO-17 tSOEr?eatrt_'I”F?’ 17 lters: UV 192 R < 24 12<z< 48 | Wolf et all (2003)
LBQS sﬁglg;;“””“m tEL+mor- 1 4055 B,. 185 02 z 34 |Hewett et all (1995)
HES SS: continuum + EL 415 B,. 175 z< 32 \Wisotzki et all (2000)
CFRS I -band ux limited 6 lag < 225 z<5 'Schade et al. [(1996)
VVDS | -band ux limited 56 | ag < 225 z<5 Gavignaud et al. (2006)
| -band ux limited 74 lag < 24 z<5
Foe oy > Alexander et al.  {200B);
CDFS-N ) 10 14 2 Barger et all (2008);
CDES-S Soft X-ray 400 3:10 Seggs cm { Gi : i ‘E_Qb);
14 Eiore etal )d 9
) Fs 10kev > 3:10 . 199 ),
HELLAS Hard X-ray 38 ergscm?2 s 1 { lLa Franca et al. (2002)
FBOS radio + blue color + optical 957 81;62217_815233/’ <4 White et all (000y;
morphology R < 189 Becker et al. (2001)
PQJ radio at spectra 379 S,7n,  0:25 Jy z< 4 Jackson et al. (2002)

(*) Number of AGN with an optical spectral identi cation (excep in the case of COMBO-17 sample).
- SS: Slitless spectroscopy;
- EL: Emission lines.
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1.5 Some open questions

Many interesting question concerning AGN are open: how dichée initial black hole
seeds form? How did these seeds grow into the super-massilelbholes observed
in local galaxies? Which event triggers the AGN phenomena?

But interest for AGN is as well triggered by the important roke that they are
playing for their environment and describing AGN evolutioary history can provide
fundamental insight into the theories of structure formaton in the universe.

In particular, the discovery of a tight relation between blak-holes mass and
velocity dispersion of their host galaxy [(Ferrarese & Mertil 2000; [Gebhardt et al.

) suggests that AGN feed-back possibly regulate coetddck-hole growth and
host galaxy evolution (e.gl Granato et al. 2004).

To trace AGN evolution it is fundamental to collect large sarmles of AGN as
free as possible of selection e ects and covering a largeroaslook-back time. This
ph D explore various properties of an optical spectroscopgample of AGN which
meets these requirements. An other important characterist of this sample is to
have a very faint limiting ux. Previous to the proper ph.D. thesis work we will
present the survey from which our data are selected. The rdask of the ph.D, was
to determine the selection function of this sample. The diot application of this
study was to derive the surface density of AGN observed on theky as a function
of magnitude. We then interested ourselves to the redshiftistribution, and to the
morphological, color, and spectral properties of this sartgg The preliminary results
concerning the luminosity function of this sample are thenre y described.

1.6 Conventions

In this work, observed magnitudes are including correctiofor galactic extinction
using the dust map provided b)thl 98).

Absolute magnitudes are computed from the observddband. The K-correction
is computed considering the SED of the SDSS composite speatr; except in the case
of the luminosity function, in which the LBQS composite spacum is considered.

A Hubble constantHy =70 km s * Mpc ! and a at cosmology with  =0:3
and = 0:7 have been used throughout.

Dominant emission lines such as ©® 1549, Gii] 1909, Mgi 2798, [Qii] 3727
or [Oiii] 4959,5007 are plainly referred asi€, Ciii ], Mgii, [Oii] or [Oiii ] doublet.
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Contexte scienti que

Il est aujourd’huietabli de facon consensuelle que le pgnonene d'AGN est la
manifestation qui esulte de l'accetion de matere sur un trou noir super-massif
(d'un milliona plusieurs milliards de masses solaires) & au centre d'une galaxie
(Zel'Dovich & Novikovl 1964;|Salpetet 1964; Lynden-BEell 196/Rees 1984).

Depuis la cecouverte au cebut des anrees soixante par Magen Schmidt des
guasars, forme la plus extréme de noyaux actifs de galaxiegs objets, longtemps
consiceles commes rares et exotiques, ont suscie beaup d'inerét.

On pense aujourd’hui, au contraire, que la plupart des galées, du moins celles
qui contiennent une composante splerodale, traverserdu cours de leur formation
plusieurs phases au leur trou noir central est nourri en garzeclenchant le prenonene
d'AGN. L'ineraction au cours de ces phases entre 'AGN et& galaxie hdte permet-
trait d'expliquer ainsi une croissance co-eguke entrérous-noirs et bulbes de galaxie
comme le suggere les observatiofs

Il reste aujourd'hui un certain nombre d'interrogations : @mment ces trous noirs
super-massifs se sont-ils fornes et quelleevolution otils suivi ? Par quel mecanisme
ces trous-noirs et leurs galaxies hétes s'in uencent-ilswtuellement? Au deh de
la quéte proprea la connaissance du phenonene d'AGN lewetude estegalement
importante pour esoudre certains probemes cosmologiges. Par exemple : quand
et comment I'Univers s'est-il e-ionie ?

La eponsea ces dierentes questions passe par letudestatistique de ces objets
et pour cette raison, il est recessaire de constituer de grdsechantillons qui soient,
au mieux, repesentatifs de la population sous-jacente deAGN.

Mais d'une part les AGN sont des objets faibles et rares, etalitre part la spec-
troscopie est uneetape indispensable pour con rmer leurature : dans le cas des
AGN de type-1, ils ne constituent qu'environ un pour cent desbjets du ciel profond
ceteces en imagerie optique. Pour cette raison, il ae¢ re@ssaire de cevelopper des
techniques de pe-lection qui permettent d'isoler desandidats QSOs avant leur ob-
servation spectroscopique. La nmethode la plus e cace, lag-%lection de candidats
par des crieres de couleurs, a permis ces derneres am® une augmentation sans
peadent du nombre de QSO connus. Notamment, le SDS$_(Riards et al.|2002)
et le 2Qz (Croom et all 2004) rassemblent chacun plusieurszdines de milliers de
QSO et ont permis uneetude cetailee des AGN de type-1.

Cependant ces etudes portent sur des objets relativementilbants, de plus, la
pe-xlection de candidats QSO sur la base de leurs coulsucause potentiellement
un biais vers certains types de QSO, plus facilement slémhres que d'autres. En
e et la compktude de cesechantillons, c'esta dire le rdio entre d'une part le nombre
de candidats pe-slectionres et d'autre part la populdion des QSOs prise dans son
ensemble, varie de facon complexe suivant le redshift (©alage cosmologique vers le
rouge) consicee et la distribution spectrale denerge des QSOs consickes.

3En particulier, la corelation obsenee localement entr e la masse des trous noirs super massifs

et la dispertion e ective de vitesse stellaire [Ferrarese &Merritt |2000; Gebhardt et al.l ) ou

bien encore la corelation entre la masse des trous noirs ger massif et la masse lumineuse du

bulbe galactique (Magorrian et all{1998; McLure & Dunlop [204; IMarconi & Hunt| 2003).
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Dans ce contexte, lechantillon d'AGN de type 1 issu du VIMGB-VLT Deep Sur-
vey (VVDS, ILe Fevre et all[2005b) pesente un inerét unique, de part la simplicie
des crieres de pe-lection de ces QSOs (une simple lita en magnitude) ainsi
que par la profondeur en magnitude atteinte : il fournit d'ue part un apercu des
proprees des AGN de type 1a des magnitudes encore peu ploees spectroscopi-
quement (les AGNetudes ici sont jusqua cent fois plus fibles que ceux du SDSS)
et il permet d'autre part de quanti er les biais qui seraientintroduits par des crieres
classiques de slection.

Avant d'entrer dans la description du travail proprea cette trese nous cecrivons
dans un premier chapitre lechantillon du VVDSa partir du quel nos donrees ontees
lectionrees. La premere ealisation du travail de doctorat aee de ceterminer la
fonction de lection de cetechantillon. L'applicationdirecte de cetteetude aet la
mesure de la densit d'AGN projete sur le ciel. Nous nou®smes ensuite inereses
a la distribution en redshift et aux proprees morpholo giques, de couleurs ainsi que
spectrales de cetechantillon. Finalement, nous peseans les esultats peliminaires
obtenus sur la fonction de luminosie et sur la nature des trus noirs galactiques de
cetechantillon.
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Chapter 2

The VIMOS VLT Deep Survey

2.1 Survey goals and strategy

The VIMOS VLT Deep Surve;ﬂ (VVDS) is a survey aiming at studying the evolution
of galaxies, large scale structures and AGN with a coherenproach, over a large
volume and a large cosmic-time base.

It aims to be the complementary deep and high redshift counteart of the
massive e orts undertaken with the 2dF and Sloan surveyd (Qless et al.| 2001;
\Abazajian et all [2008) which are mapping the distribution ad establish the prop-
erties of several hundreds of thousands of galaxies in thedb universe.

To reach its scienti ¢ goals the VVDS adopted the strategy otonstructing a
purely | -band magnitude limited spectroscopic sample obtained in w&ide and in
a deep survey. The absence of morphological pre-selectioitecia aims at keeping
QSOs and compact galaxies in the sample. Setting a magnitudimit obviously
leads to a Malmquist bias, with increasingly luminous objés being selected towards
higher redshifts. However, it allows to perform in a given yome of the universe a
complete census of the galaxy or AGN population. The choicétbe | -band selection
was made to allow selection upon the ux emitted by the \old" sellar content at
wavelengths longer than 4009 up to z 1. Above redshift 1, galaxies are selected
from the rest-frame continuum emission at wavelengths sher than 4000QA. In the
case of QSO, thisl -band selection is sensitive to objects with redshifts ranty
fromz=0upto z 55. At higher redshifts the rest frame UV ux is strongly
extinguished by the intergalactic medium, with the so-cald Lyman alpha forest
entering the observed -band Iter. To reduce the impact of cosmic variance, the
wide survey is carried over 3 independent elds, VVDS-1003+01¥DS-1400+05
and VVDS-2217+00. Thedeepsurvey is mainly carried out in VVDS-0226-04 and
supplemented by an additional eld in the Chadra Deep Field &uth, called hereafter
VVDS-CDFS.

To obtain the required spectroscopic data the VVDS consottim has built the
Visible Multi Object Spectrograph (VIMOS) for the ESO-VLT Melipal Unit Tele-

Yhttp://www.oamp.frivirmos/vvds.htm
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Figure 2.1: Typical layout of spectra in the 4 quadrants of a VVDS-Wide pointing; more than

550 are observed on average (Le Fevre et al. 2005b)

scope (UT3). This instrument allows to observe with 600 skt simultaneously at a
spectral resolution ofR 230 (see Figuré2]1). The data presented in this thesis
were obtained during the Guaranteed Time Observations.

2.2 Observations and data reduction

The spectroscopic VVDS survey consists of the VVDS-deep,r¢gting objects in
the rangel g = 17:5 240, and the VVDS-wide, targeting objects in the range
lag =17:5 225.

The purely magnitude-limited selection of spectroscopiatgets was carried out
from a catalog based on deep photometry. This catalog is cotafe down tol g = 25
in all elds. In addition, deep multi-band photometry was oliained, providing
comprehensive multi-wavelength information for the objeés. The B, V, R, and
| photometry was obtained on the full elds of view andU, K, and J in smaller
areas. For a detailed description of the photometric catagpwe refer the reader to
lLe Fevre et all (2004). A comprehensive description of theada reduction and nal
data quality of the deep imaging survey can be found in_McCrken et all (2008).

Spectroscopic observations were performed with the multbject spectrograph
VIMOS installed on Melipal (seel Le Fevre et all 2003), the thd 8-meter telescope
at the Paranal Observatory. We present results based on thest spectroscopic runs
only (Epoch One), obtained during October and November 2002 hese observations
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Table 2.1: Summary of the spectroscopic data available on VVDS rst epah elds.

Field Mode TSR N spectra A
[deg]
VVDS-0226-04 deep 25% 9622 0.48
VVDS-1003+01 wide 26% 2092 0.33
VVDS-2217+00 wide 22% 5651 0.81
VVDS-CDFS deep 23% 1716  0.13

Target sampling rate: fraction of objects in the photometig catalog inside our
targeted areaA, which have been spectroscopically observed.

Geometrical area in defjof the spectroscopic rst-epoch data that are used in
this work (see Fig.[ZR).

and the reduction procedure are presented in detail in_Le Kee et all (2005b) for
the deep survey and in_Garilli et al. [(2006) for the wide surye

2.2.1 The VVDS multi-wavelength imaging survey

The wide and deep elds were imaged in four band®, V, R, and I. The wide
photometric survey covers 12 dégin three high-galactic latitude elds, each 2x2
deg: VVDS-1003+01, VVDS-1400+05, and VVDS-2217+00. The deephptometric
survey covers a 1.3 x 1 deg area, VVDS-0226-04. Part of the peeld has been
observed in additional bands: U (Radavich et al. [2004),J and K
), u ,g°r%i°z° from the Canada-France-Hawaii Legacy SurvBy(CFHTLS) ,
as well as in the infrared (3.6, 4.5, 5.8, 8 and 24 microns) WwitSpitzer-SWIRE
IRAC (Lonsdale et all [200B), in radio (1.4 GHz) on the VLA [(Bowli et all 2003),
X-ray with XMM _(Rierre et al.| 2004), and UV (1500 and 2308) with GALEX
12005/ Arnouts et all 2005; Schiminovich efl) 2005).

In order to minimize surface brightness selection biaseswdo to the faintest
required spectroscopic limit ofl .5 = 24, the imaging survey was designed to be
complete down tolas = 25 (seelMcCracken et al 3). The, V, R, and |
observations were performed from November 1999 to Octobed(® at the 3.6 m
Canada-France-Hawaii Telescope, with the CFH12K wide- dlmosaic camera.

In addition to the VVDS elds, a deep spectroscopic survey vgalso performed
in 0.13 degd of the Chandra Deep Field South (CDFS) eld and is included irthis
work. This eld is based on the ESO Imaging Survey (EIS) -band catalog described
in |Arnouts et all (2001). The spectroscopic data availablenithe CDFS are public
and are described in_Le Fevre et al.[(2004)

2www.cfht.hawaii.edu/Science/CFHLS
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Figure 2.2: Spectroscopically observed ares in the VVDS rst epoch elds: the grey scale
indicates the number of VIMOS passes. The area masked in the hmtometric catalog has been
subtracted to the di erent VIMOS eld of views. Red dots indi cates type 1 AGN identi ed in the

spectroscopic catalog.
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2.2.2 Target selection

To get a fully unbiased spectroscopic sample, one would pickjects at random from
the input catalog. But such a procedure could then provide getra at a less-than-
optimal rate for a given observing time. For this reason a spml target-selection
algorithm SPOC was developed, with the aim of optimizing these of spectroscopic
follow-up time given the constraints of the VIMOS optical an mechanical layout

). In this optimization process, howeve two biases are intro-
duced.

First, objects with a small projected size along the slit arslightly favored for
spectroscopic selection, resulting in a bias against morgtended objects.

Second, the distribution of selected targets is not isotrap as the minimum dis-
tance between targets is about % perpendicular to the dispersion direction and
must be at minimum 2 along the dispersion direction in order to avoid the super-
position of spectra on the same columns. This introduces entation dependent
correlations in the spectroscopic catalog which must be tak into account if one
aims to study properties related to the spatial distribution of the objects, e.g. close
pair statistics, the correlation function or large-scaleteucture (seelPollo et all 2005).
The e ect is smaller in the deep elds as they were covered wit2 to 4 passes (i.e.
2 to 4 sets of slits masks), and stronger in the wide elds cawe with only a single
pass.

2.2.3 Spectroscopy

The area covered by the Epoch One VVDS spectroscopy i€.6 ded in the deep
elds and 1.1 ded in the wide elds and the corresponding numbers of spectraar
11 338 and 7743 respectively. The target sampling rate, i.¢he ratio of selected
objects for spectroscopy to the total number of objects dowto the corresponding
spectroscopic ux limit, is  25% in both the wide and the deep surveys (see Table
[Z7 and FigurelZP for an overview).

We used VIMOS' low-resolution red grism, which covers the walength range
5500 { 950\ with a 7A/pixel dispersion. The slit width was xed to 1% providing
a sampling of 5 pixels per slit and a spectral resolution & 230 corresponding to
a spectral-resolution element of 33 A. The total integration time is 4.5 hours per
mask in the deep elds and 50 minutes in the wide elds. Data uction was per-
formed homogeneously using the VIPGI software which was ddeped speci cally
for the VVDS survey (Scodeggio et al. 2005).

At our limiting magnitudes in both the deep and the wide elds the median
signal-to-noise ratio (S/N) per pixel is measured to be 4 at a scale of 7A pixel.

2.2.4 Spectral classi cation

The process of classi cation and redshift determination dhe reduced VVDS spectra
is described in_Le Fevre et al. (2008b). As an integrated pamf this process, all
objects with broad emission lines are identied and agged.When only narrow
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emission lines are present, it is not straightforward to regnize AGN activity (type-
2 AGN) from starburst activity, especially in spectra with relatively low S/N and
limited wavelength range. For this reason we have chosen rtotinclude narrow-line
AGN in our present catalog.

2.3 Some results of the VVDS

Currently, the VVDS is the only large survey which is not usig complex selection
functions, and, as such it provides a view of the universe umra&ted by theoretical
or simulation predictions. It is probing large-scale strucre, galaxy formation and
evolution in a coherent way fromz 5 downtoz 0:2, going 1.5 to 2 magnitudes
deeper than either DEEP2 |(Davis et dll 2003) or GEMS_(Rix et a2004). | recall
here some of the measurements derived from the VVDS data whiare not in the
focus of this thesis.

2.3.1 Evolution of the galaxy luminosity function

Based on near-UV observations with GALEX of a sample of 1000 VVDS galaxies,
IArnouts et all (2005) could measure the evolution of the reftame 150G\ Luminos-
ity Function (LF). They conrm a higher star formation activ ity in the past, with
a brightening of the parameter MBof 2 magnitudes betweerz =0 and z = 1.

At optical wavelengths, lllbert et all (2005) found as well a tightening of the
M parameter in theU, B, V, R and | rest-frame bands. They observe that this
brightening is stronger toward shorter wavelengths, corsponding to a factor of
2.6 increase in the comoving density of bright galaxies in ¢hU-band, this factor
decreasing toward redder rest-frame bands and being 1.5 imetl -band.

This evolution of the global LF is re ecting the evolution ofthe di erent galaxy
types. In fact, [Zucca et al. (2005) found a strong type-depeent evolution and
identi ed the latest spectral types as responsible for mosdf the evolution in the
UV-optical luminosity function out to z = 1.5.

2.3.2 Galaxy clustering

To measure the galaxy real space correlation lengtly and correlation slope within
the VVDS it is necessary to remove selection e ects, espébyahe biases introduced
by the instrumental slit pattern (see Sect[ZZ2]2). For thigeason, a scheme specic
to the VVDS data has been developed and is describedlin Polibat! (2005).

lLe Fevre et all (2005a) used this work and found the correlan length r in the
VVDS lowest redshift binz = [0:2; 0:5] to be smaller than for any other population
at the same redshift, indicating the low clustering of verydw luminosity galaxies
(ro=2:2h 1 Mpc).

3LF are usually tted with a Schechter function (m @).M is a parameter of this
function and represent a characteristic magnitude under wich the density of more luminous galaxy
is exponentially decreasing.
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To follow the evolution of clutering of the mass in the univese from the observed
galaxy correlation length would require to follow at each shift galaxies descendent
of a well-identi ed original population of matter halos. This is clearly not the case
of the VVDS galaxies which contain a broad population mix eveing with redshift.
The interpretation of the evolution of rg is therefore not direct. But on can remark
that the slow increase of the overall galaxy population clisring up to redshift
z = 1:1 measured in the VVDS (o ' 22 2:9h ! Mpc) diers markedly from
the evolution predicted by Cold Dark Matter simulations, inwhich the dark matter
correlation length is expected to drop steeply with increasg redshift.

2.3.3 Evidence for a constant g with an evolution of the
non-linear biasupto z=1:5

IMarinoni et all (200%) reconstructed the galaxy density al in a cone spanning over
the redshift interval [0.4,1.5] and an angular aperture of:@ 0:4 deg within the
VVDS-0226-04 deep eld. This sub- eld corresponds to an aaewith a homogeneous
spatial spectroscopic sampling achieved with 4 VIMOS passe They derived the
associated Probability Distribution Function (PDF) of galaxy uctuations. The
second moment of the PDF, computed on a scale ofi8'Mpc for galaxies brighter
than M = 20 + 5logh, is found to be well described by a constant value of; =
0:94 0:07 over the redshift interval [0.7,1.5]. The third moment othe PDF, the
skewness, increase with cosmic time: the probability of hiamg under-dense region is
greateratz 0:7thanitwasatz 1.5. By comparing the PDF derived from these
observation to the theoretically predicted PDF, they nd evdence for an increasing
galaxy bias as a function of redshift.

2.3.4 Population of high redshift galaxies

An unexpected discovery from the First Epoch VVDS is the idencation of a sub-
stantial population of bright galaxies in the redshift rang 14 2z 5, based on the
analysis of 1000 galaxies with measured spectroscopic redshifls. _LevFe et al.

) nd that there are 2 to 6 times more galaxies az 3 than previously
thought (Steidel et all [1999). Color-selected surveys ofdti redshift galaxies thus
miss a large fraction of the population of bright galaxies at 3 4 compared
to the VVDS purely magnitude selected survey. This could beagptly due to galax-
ies not being a simple combination of stellar populations buather harboring a
complex mix of stars, dust, and AGN as evidenced by mid-IR ansub-mm surveys
(Chapman et al.|2003). The Luminosity Function built from the VVDS shows a
stronger bright end suggesting a star formation rate highehan previously thought
at these redshifts. The luminosity density that results fran the VVDS is comparable
to that estimated in other studies. However, the relative aatribution of the most
luminous galaxies compared to the fainter ones is at leastitve as large in the VVDS
compared to former estimates (Paltani et al., in preparatio).
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Pesentation du VIMOS-VLT Deep Survey

Le VVDS est un programme exhaustif d'observation en imageriet en spec-
trocopie de I'Univers profond dont l'objectif est detudier levolution des galaxies,
des AGN et des structuresa grandes echelles sur de largeslwmes couvrant une
importanteechelle de temps cosmique.

Il compemente I'e ort impressionnant conduit par les dew surveys majeurs, le
SDSS (Abazajian et al. 2003) et le 2dF (Colless etlal. 2001}jigdans I'univers local,
etablissent les proprees de plusieurs centaines de riiers de galaxies et caracerisent
leur epartition spatiale.

La strakgie adopee pour ealiser ce programme est de e¢struire un catalogue
spectroscopique purement limie en ux dans la bandd. Ce catalogue s'appuie
sur un survey large, lewide surveyavec une magnitude limitel g = 22:5 et un
survey profond, ledeep surveylimiea 1,z = 24. Dans le cas des AGN de type
1, ce choix de la bandd permet la lection d'objets avec un redshift de Oa 5.
Pour eduire les e ets de variance cosmique produits par |lgpesence de grandes
structures, lewide surveyest mere dans trois champs incependants sittesa haute
latitude galactique, le VVDS-1003+01, le VVDS-1400+05 etd VVDS-2217+00. Le
deep surveyest principalement mere sur le champ VVDS-0226-04, congshene par
un champs additionel, le VVDS-CDFS.

A n de collecter les donrees spectroscopiques recessssa ces objectifs, le consor-
tium du VVDS a construit I'instrument VIMOS (Visible Imagin g Multi-Objet Spec-
trograph), capable de produire plus de 600 spectres simuaent. Coupk a la
puissance d'un des Very Large Telescopes (VLT) de huit megs de 'ESO, VIMOS
procure une e cacie unique de machinea remonter le temps

L'aire sur le ciel couverte par les premeres donrees du WS, utilisee dans
ce travail de trese, correspond dans lavide et deep surveyrespectivementa 0.6
deg et 1.1%. Sur cette surface, approximativement un quart des sourceg notre
catalogue photonetrique ontet obseree spectroscojuement, ce qui correspond
a 8000 spectres dans lavide survey et 11000 spectres dans ldeep survey.
Au cours du processus de classi cation spectroscopiqueusoles objets possdant
une raie demission large ontee repees. C'est sur lechantillon de 130 AGN ainsi
colleces que s'appuie letude de cette trese.




Chapter 3

The VVDS AGN sample

3.1 The VVDS AGN sample

The AGN catalog considered in this thesis consists of the sidample of objects in the
VVDS spectroscopic catalog identi ed purely on the basis dhe presence of one or
more broad emission lines. Given our e ective spectral rdstion, we consider that
it contains all objects with detected broad lines full widthhalf maximum (FWHM)
larger than 1000 kms®. We introduce here after the acronynBLAGN for Broad
line AGN, to refer to these objects. This makes it clear therthat only type-1 AGN
with an observedbroad line are selected. For example, peculiar type-1 AGN thi
narrow Balmer lines will not enter our catalog when observedt low redshift.

We makeno distinction between Seyfert galaxies and QSOs based on thesalute
magnitude or morphology of the objects.

The nal sample of BLAGN selected from the VVDS survey consis of 56 objects
from the wide elds (the \wide BLAGN sample"”) and 74 objects fom the deep
elds (the \deep BLAGN sample”). The total number of 130 BLAGN corresponds
to about 0.7% of the objects with a measured redshift in the tal VVDS database.
Not all of the 130 BLAGN have a secure redshift. In some casese have two or
more possible redshifts for a given object (‘redshift degenacy’).

Redshift degeneracy

The exact list of emission lines we expect to detect in any @gm spectrum is a
function of its S/N. In addition, because of the limited wavéength coverage of the
observations, there are some redshift intervals where ondy single broad emission
line may be detected in our spectra (see Figule—B.1). In thesases, where no
other features (e.g. narrow emission lines, absorption $gms, Lyman forest) are
present, several identi cations of the broad line may be pstle, leading thereby to
a degeneracy of solutions for the redshift (see an exampleRigure [3.3).

In order to treat redshift degeneracy in a consistent way, whave taken the

SDSS composite spectrum of BLAGNL(Vanden Berk et al. 2001)pmvolved it to

our resolution, and added noise. For each line we then detamad the S/N which
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Figure 3.1: Visibility in the wavelength range of our data of AGN broad emission

lines versus redshift:  The thick lines trace the observed wavelength as a function bredshift
of the main AGN broad emission lines that we expect to detect m our spectra. The objects in
which we detect only a single broad emission line are expedleto be in the redshift ranges shown
in light gray. We expect to miss BLAGN lying in the narrow redshift range lled in dark gray
since no strong broad emission line is visible at these redgts within our observed wavelength
window. On the right side we note the wavelength ranges in whéh each broad emission line can
be observed as isolated. H and Ly are not reported here as such since they are not a ected by
the redshift degeneracy (we expect to observe them, respeeely, with the [O iii ] doublet and the
Lyman forest).

would provide a 3.5 detection of the line. Following this procedure we have foan
that down to a S/N of 4 per resolution element, we are able to tlect and recognize
as broad the following lines: H 6563, H 4861, Mgii 2798, Gii] 1909, Gv 1549
and Ly 1216.

The visibility windows of these lines within the VVDS obsered spectral range
are shown in Figure[331l as a function of redshift. The redshifanges where we
expect to observe a single broad emission line (in gray) aij@ - 0.13], [1.0 - 1.9] and
[2.4 - 2.6].

Since we always expect to detect the narrow-emission-lineublet [Oiii] 4959,5007
close to H , we consider the detection of H to securely identify the redshift. The
same applies to Ly which can be identi ed from the Lyman forest.

Consequently, for an object with a single broad line, we hawene to three po-
tential redshifts. In addition, a small gap is present at reshift 0.95 (dark gray in
Figure [31) where no broad emission line is visible within owbserved wavelength
window.

A small fraction of spectra ( 15%) fall outside this general scheme, due to a
lower S/N or to technical limitations such as strong fringilg. For this reason some
objects have up to four possible redshifts.

Because of these limitations, a total of 42 BLAGN in our origial sample were
agged as having a degenerate redshift (Flag 19, as de nedreeafter). To solve this
redshift degeneracy we have rst looked for the objects almdy observed in other
spectroscopic surveys in the same areas. From the CDFS optispectroscopic
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data we found the redshifts for 3 of the objects (Szokoly et a2004). Furthermore,
additional observations have been carried out with FORS1 othe VLT in March
2004 and November 2005 to extend the spectral coverage down3800A . From
these observations we have been able to solve the redshifgeeeracy and nd a
secure redshift for another 25 objects.

The fraction of BLAGN remaining with a degenerate redshift arrespondto 10
% of the total BLAGN sample.

Identi cation and redshift quality ags

Based on the above analysis, each entry of our BLAGN catalog$ been assigned a
quality ag according to the following criteria (these ags have been adapted from
the VVDS galaxy ag de nition):

Flag 14: BLAGN with secure redshift measurement (i.e. two lines or nie);

Flag 13: BLAGN with only one line detection but with the redshift secued from
other informations such as:

no other possible identi cation for the given wavelength rage;

an \intervening absorption line" system is detected and legs only one
redshift solution for the BLAGN;

strong iron features, so called 'bumps’, are detected,;
a second line is marginally detected,;

Flag 19: BLAGN with only one detected line and more than one possibledshifts;

Flag 12: Object with secure redshift but for which the broad line natue is uncertain
due to the low spectral resolution, often coupled with low 3 or technical
limitations (i.e. it could be a narrow line object);

Flag 11: Both the redshift and the broad line nature of the target are ncertain.

The statistics of the data quality according to these ags isummarized in Figure
B32. Objects with uncertain broad emission lines (ags 11 anhl2), corresponding
to (10-15)% of our survey objects, are excluded from further alysis, since we
want to avoid contamination by normal galaxies and we do notriow which frac-
tion of these objects are really broad-line AGN. The nal sample of BLAGN with
secure classi cation (ag 14, 13 and 19) contains 130 objext They are presented
in Appendix Table A gives the list of BLAGN in our wide anddeep samples
for which we have a secure redshift, while Tabl[e“A.2 lists thBLAGN for which we
still have a redshift degeneracy (ag 19).

Figure[333 presents some examples of spectra across our ntage and redshift
range. In particular object 220567224 (upper left panel) ithe highest redshift
BLAGN of our sample. This extremely bright object {previousy found by the
SDSS high-redshift quasar survey{ was re-discovered in owide survey. Object
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Figure 3.2: AGN quality ags statistics. Columns (a) corresponds to our original quality
ags, before looking for objects already existing in other gectroscopic samples and performing
re-observations with FORS. Columns (b) correspond to our curent quality ag statistics.

020180665 (upper right panel) is an example of extreme breatsorption-line (BAL)
spectrum. Out of 41 objects for which we observe thei€ line either in the VVDS
original spectra, either in our FORS additional spectra, 9 r@ found QSO to have
broad absorption lines, and two other example of such extrenBAL QSO are found
(objects 220556037 and 100343840). Object 020302785 {rjggmel) is a BLAGN
at z=2.24 in which there are evident absorption features thacan be well tted by
metal absorptions of a system at z 1.727. Object 020463196 is an example of AGN
in which strong [Neiii ], [NelV ] and [NeV] lines are visible. This suggests a hard
ionizing continuum. Object 220098629 is an illustration ofag 19 AGN for which
the redshift was resolved with additional observations obined with FORS1.
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Figure 3.3: Examples of BLAGN spectra across our magnitude and redshifranges. Spectra of
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in Appendix Bl



32 CHAPTER 3. THE VVDS AGN SAMPLE

3.2 Selection function

To study the statistical properties of any sample it is fundemental to understand
qualitatively, and estimate quantitatively its selectionfunction. The selection func-
tion is the function providing the probability for an object meeting with our initial

criteria to be e ectively selected in our BLAGN catalog. If t is possible to esti-
mate this probability, we can, a posteriori, correct our stastical analysis for objects
which will not be selected in our sample. In our sample we netalcorrect for (1) the
BLAGN which have not been spectroscopically observed althght they were part
of our ux limited photometric catalog; (2) the spectrocopcally observed BLAGN
which were not correctly identi ed from their spectrum. This correction is per-
formed by applying to our BLAGN two statistical weights, w"SR and wSSR de ned

following lllbert et al! (2005) as follows:

3.2.1 Treatment of non-targeted BLAGN: wTSR

The Target Sampling Rate(hereafter TSR) is the fraction of objects in the photo-
metric catalog inside our targeted area which have been sprescopically observed.
As already mentioned in SectiolirZ212, the TSR is a functiorf the projected size,
x radius, of the objects along the slits. Objects with a small x-radisi are slightly
favored by the selection process. Figule_B.4 illustrates ahe ects of this parame-
ter: the distribution of x-radii in the spectroscopic catabg is slightly biased towards
smaller values of the x-radius than in the photometric catalg. To balance for non-

targeted BLAGN we apply to our BLAGN the weight w™sR = 2.

Distribution of X_radius in WDS-0226-04
EY T T T T T T T T T T T T

Photometric sources Spectroscopic target AGN

60

in %

Distribution

R A ey

072 092 143 133 154 072 092 113 133 154 072 092 113 133 154

x—radius in arcsec

Figure 3.4: Distribution of x-radius in three catalogs: the photometri c catalog, the spectroscopic
catalog and the BLAGN catalog. The x-radius corresponds to he size of the object projected
along the slit and converted into discrete values, with steg corresponding to the pixel size.

3.2.2 Treatment of misclassi ed AGN: wSSR

The Spectroscopic Success Ra&SR) is the probability of a spectroscopically tar-
geted object to be securely identi ed. It is a complex functin of the BLAGN red-
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Figure 3.5:  Spectroscopic Success Ratéor BLAGN in the VVDS deep (left) and wide (right)
sample as a function of redshift and apparent magnitude. Cotour lines are drawn for 90% and
50% of the identi cation success rate. The location of BLAGN with a secure redshift is reported
with lled dots. BLAGN with a degenerate redshift are plotte d at their di erent redshift solutions
with open circles.

shift, apparent magnitude and intrinsic spectral energy diribution. We evaluated
the SSR with two di erent methods:

Simulations

Twenty deep VIMOS pointings or a total of 2745 spectra have lea simulated in
order to evaluate the SSR. Theses simulations incorporatéide major instrumental
e ects of VIMOS observations, including sensitivity curve fringing in the red-most
part of the spectra, sky background and contamination by zeth-orders. Each
spectrum has been simulated using the SDSS composite speetras a template.
Redshifts and magnitude were drawn at random in the ranges € z 5 and
175 | 24 respectively. The spectra were then analyzed and classi in the
same way as the real spectra, except that we did not try to rebe cases where a
single line was present; we merely checked whether the BLAGTdture of the object
could be detected in the spectrum or not. For the wide eld, weised the same SSR
derived for the deep eld, but shifted by 1.8 magnitudes to tke into account the
di erence in exposure times between the deep and wide partEthe survey.

Because it includes all instrumental e ects and reproducebe conditions of the
VVDS real spectral classi cation, we expect this method to ige a robust estimate
of our SSR. The main limitation of this method is its large tine-consuming nature,
making it impossible for example, to repeat this process fardi erent QSO template.
For this reason we estimated the SSR with a complementary, teely automatic
approach.

Figure[33 presents the resulting SSR as a function of redi&hand apparent | og
magnitude in the deep and wide elds.
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Figure 3.6: Automatic estimation of the spectroscopic success rate The assumed EWs and
FWHM of the broad emission lines in this example are the ones masured in the SDSS composite
spectrum|Vanden Berk et al. (2001).

(A) : Theoretical S/N threshold for detecting a broad emission ine as a function of redshift in
the VVDS (see Appendix[d). The shaded area correspond to the rea where we are not able to
classify a broad line AGN. Individual broad emission line deection thresholds are plotted over the
redshift range where they cross our spectral coverage.

(B) : Median normalized S/N spectrum of 6000 galaxies in the VVDSdeep sample. The humpy
pattern is produced by the succession of series of sky emiesilines. For wavelengths larger than
7800A, the noise is dominated by the non-linear fringing.

(C) : Exponential tting of the rst and second moments of the S/N distribution in the VVDS
measured as a function of magnitudd ag .

(D) : Spectrum mean S/N threshold for detecting a broad emissioriine as a function of redshift
in the VVDS.

(E) : Assumed S/N distribution in the VVDS sample.

(F) : Predicted SSR in the VVDS deep sample.
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Alternative approach

In order to estimate our ability to select AGN with di erent emission line properties,
we developed an automatic method to evaluate our SSR. A schatic overview of
the procedure is given Figurd—316. We detail hereafter the drent steps of the
procedure. All signal-to-noise ratios are expressed in tmf 7 A pixels.

(A)

(B)

S/N threshold for detecting a broad emission line as a funcin of redshift We
assume that a broad emission line is detected when the corecleised by its
FWHM is above the 3.5 noise level. As detailed in AppendiX1, if we assume
a Gaussian pro le, this correspond to the following relatino:

FWHM
d
S:Nlimit 75W (31)
whered corresponds to the number of pixels peiAngstem. EW and FWHM
are respectively the observed equivalent width and full with half maximum.

They evolve with redshift as follows:

EW = EW,(1+ 2) (3.2)
FWHM = FWHM1+ 2) (3.3)

From these relations, we compute the theoretical S/N thresid for detecting
an AGN broad emission line as a function of redshift. Figule@.A presents our
calculation for the SDSS composite spectrum emission li

2001, Table 2).

Median S/N spectrum in the VVDS. For the purpose of spectrophotometric

studies, 6000 galaxies of the VVDS deep sample were tted Wian adapted
version of the plate t software. This software was origindy developed for
the SDSS survey|(Tremonti et all 2004) and was then adapted the VVDS

survey as described in_Lamareille et all (2006). It provides t of the galaxy

stellar continuum and emission lines. We assume that the ridsal spectra of
these 6000 tted galaxies corresponds to our noise spectruriiVe normalize
the obtained S/N spectra and combine them using a median. Thesulting

S/N spectrum is presented Figuré=316.B.

(C) SI/N as a function of magnitude in the VVDS We consider the median value

(D)

of the 6000 S/N spectra obtained previously. As shown Figuk&d.C, our best
exponential t of the rst and second moment of our S/N distribution are
found to be< S=N > = 8365%X[X 0:41 AB) and S=N — 3754exp( 0:32 5p )

We measure a mean S/N of 4 at our limiting magnitude |55 = 24.

Figure[3:8.D corresponds to the mean S/N required in a speam in order to
detect a broad emission line. It is the equivalent of Figureg.A taking into
account the variation of S/N as a function of observed waveigth.
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(E) S/N distribution in the VVDS sample, as derived from the exponential ts de-
scribed in (A).

(F) Map of our expected SSRobtained by convolving our theoretical S/N thresh-
old (D) with our S/N distribution (E).

Discussion

The SSR obtained with this automatic algorithm for the SDSSamposite spectrum
and our deepsurvey (Figure[3®, panel F) is compared to the one derivedofn our
simulations (Figure[35, left panel). The 90% completenessvel outlined by both
method is in very good agreement, however simulations pretlia much sharper
transition between areas with SSR 1, and areas where no objects are selected. In
term of counts (Section[31), the automatic algorithm predit 30 AGN per square
degree less than the simulations.

If the automated approach predict a smoother selection fution it is due to the
dispersion of S/N observed for a given magnitude in our sang(Figure[3®, panel
C). This dispersion of S/N of galaxy with the same magnitudean be attributed to
various parameters: observing conditions, apparent sizétbe galaxy or discrepancy
between the tted spectra and real spectra. Since QSO are nercompact than
galaxies we investigated the correlation between the S/N drthe half light radius of
the galaxies but found no signi cant e ect of this parameter No systematic galaxy
t residual is found. We conclude that our distribution, Figure 38, panel C, is
dominated by variation of the observing conditions (e.g. &g, accuracy of the slit
centering, sky brightness).

On one side, the SSR derived from simulations do not accourdrfthe disper-
sion of the S/N-magnitude relation. On the other side, the IS derived from our
automatic approach do not properly account for the contamiation by Oths order
spectra and for the non-linear fringing noise. Simulationshow that a number of
AGN are probably missed because of these two instrumental ects. For this rea-
sons, we nally decided to adopt as reference for our statisal analysis the SSR
values derived from simulations.

The automated approach is used, in turn, as a tool to investage the in uence
of AGN emission lines properties on our selection function.

In particular, we observe that AGN selected in our sample havin general larger
equivalent width than the SDSS composite spectrum. This isbgerved in our com-
posite spectrum (Sectio=316 and Table—3.2) and in our analgof individual objects
emission lines properties (Sectioh—3.7). We argue (see dssion, Sectiori-3]7) that
this property is not only induced by the bias toward larger ernssion lines expected
for our sample.

We therefore compare the di erences of our SSR for the VVDS mposite spectra
and the SDSS composite spectra. This is illustrated FiguteB

We observe that the di erence between the two estimated of o0lBSR becomes
signi cant only in areas where it is already di cult for our sample to select ob-
jects. For this reason we conserve the SSR derived from siatibns using the SDSS
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Figure 3.7: Comparison of the Spectroscopic Success Rate of BLAGN withicgtrent emission lines
properties: the color scale indicates the di erence of prohbility for selecting a VVDS-composite-
like BLAGN and a SDSS-composite-like BLAGN. Black lines corour area with a di erence ex-
ceeding 20%. Area in blue correspond to magnitude-redshifdomains where the selection of a
VVDS-composite-like BLAGN is favored in comparison to a SDS-composite-like BLAGN. The
opposite is gured in red.

composite-spectrum as a template.

To correct for missed BLAGN we apply to our objects the weightvSSR = SSLR.
Objects for which the broad-line is stronger than that in theSDSS composite spec-
trum will be over-estimated by our method and, on the contray, objects with weaker

broad emission lines will be under-estimated.

3.2.3 Total correction

Correction for our global selection function is obtained bypplying to each of our
objects the product of the two weights, i.ew™SR  wSSR,

This method becomes however not accurate to account for BLAGwith very
low probability to be selected (for example faint BLAGN withz  1).
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Figure 3.8: BLAGN cumulative surface density in the VVDS sample. Error bars represent the
one sigma Poissonian errors. Top panel: Observed surface rty in the individual elds and in
the total sample (solid line). For clarity error bars are reported for every 5 data points. Bottom
panel: Comparison with the CFRS and COMBO-17 surveys.

3.3 Counts

Since the objects to be observed spectroscopically in the W& are selected on
the basis of their \z band magnitude, we have computed the BLAGN cumulative
surface density in this band with the following algorithm:
N | - 1 X TSR,,,SSR
( lag)= A Wi =T W;

il agi  laB

where A is the geometrical area targeted by the spectroscopic suyye.e. the area
covered by the di erent VIMOS elds of view corrected for thearea masked in our
photometric catalogs (see Figur&=2.2); the sum is running evall BLAGN i with
magnitude | pg;i less or equal tdl g .

The upper panel of Figurd=318 presents the cumulative surladensity derived in
the VVDS individual elds with the corresponding Poissonia error bars
@‘S). Although some di erences are visible in the counts a@f erent elds , the
surface densities measured in all our elds akag = 22:5, corresponding to the
magnitude limit of the wide elds, are all consistent, withn the errors, with each
other. We conclude that the error induced by cosmic variancs smaller than our
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Table 3.1: BLAGN number counts as function of 1,5 magnitude. N is the actual number of
BLAGN in the VVDS survey while N ( 1ag ) is the cumulative surface density of BLAGN (objects
/ square degree) corrected from incompleteness.

IAB N N ( IAB)

19 3 10
20 9 22
21 29 71
22 76 196
23 108 327
24 130 472
= 100F . =
= L ®
€ ¢ ¢
g } t
_Ig; 10— % } =
%C/
1 8 o 20 2 2 23 24

lag

Figure 3.9: BLAGN di erential surface density in the VVDS sample. Error bars represent the
one sigma Poissonian errors.

Poissonian noise. We compute a singlegN |,z curve by merging the data
from the four elds into a single coherent samplel.(Avni & Bahall ) using the
following algorithm:

1 X
if | 225: N I = - w SRySSR -
AB ( AB ) Awide + Adeep D e i i
: 1 X
iflag >225: N ( lag)= N ( 225)+ wT SRySSR,

deep i;22:5<I AB:i I AB

At the limit of our deep elds (Iag < 24:0) our measured surface density of
BLAGN is 472 48 per square degree and the correction applied for misclass
ed BLAGN corresponds to  10% of this value. The di erential surface density
computed for the total sample is shown in Figuré=3.9. In thisIpt the di erent
points and associated errors are independent from each athd@his gure suggests
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a signi cant turn-over in the slope of the counts atlag = 215. At I, & 215 the
di erential number counts are still increasing with magniude, but at a much lower
rate than at brighter magnitudes. This e ect is seen, althogh less clearly, in the
continuous attening with magnitude of the integral number counts in Figure[38.

Comparison with other spectroscopic surveys is not straitforward since most
of the optical QSO surveys are based on much shallower B banaix limited samples
and most of them are not complete over the entire redshift ragye due to their di erent
selection criteria. The CFRS is an exception with essentlgl the same selection
function as the VVDS (i.e. a ux limited sample in the | band with no color or
morphological selection). Although it contains only 6 BLAGN at a magnitude limit
of Ias < 225 (seelSchade et al. 1996), the surface density resultingrirahese
objects is in excellent agreement with our current measuremt (see Figure[33B,
lower panel).

The surface density derived from the recent SDSS Faint Quas8urvey (SFQS
Jiang et alll2005) is also reported in the lower panel of FigeiZ8. This survey selects
AGN over the redshift range 0-5 and up tay = 22:5. The surface density, corrected
for completeness, is computed in thg band (Jiang, private communication) and
approximately translated to the | g band assuming the mean color term observed
in our sample: < 1,5 g >= 0:7. The VVDS and SFQS number counts at
Ias 218 are in good agreement.

With a limiting magnitude similar to ours, the only other conparable sample
is the COMBO-17 sample (se2 Wolf et al. 2003), which is howeveased on photo-
metric selection of AGN, with a small fraction of spectrosqoc con rmation. For
comparison with our sample, we have obtained the cumulatieunts of the complete
COMBO-17 sample, without redshift restriction (Wisotzki, private communication).
Since this sample is selected in R-band, we apply a globala@oterm of 0:16 mag-
nitude to translate its surface density to ourl g reference system. This color term
corresponds to the meariag  Ryega COlOr observed for our objects. In addition, a
dozen of BLAGN are observed in both the VVDS and COMBO-17 sangs. The
mean color term of these objects is measured to be:12. The result is presented
in the lower panel of FigurdZ3B. Our number counts are statisally consistent with
those of COMBO-17 for magnitudes brighter than 21.5. At failer magnitudes our
counts are systematically higher by 30 40%. This can be explained by incom-
pleteness in the COMBO-17 at low redshift in the regime wherthe host galaxy
contamination becomes non-negligible. This is the reasorhwthe published version
of the COMBO-17 AGN sample was restricted t@ > 1:2.

Figure 310, compares the cumulated surface density for osample restricted
to z > 1:2 with the COMBO-17 sample inR band. Our total number counts {with
N (R 24)=340 47{compares well to this sample for whiciN (R 24) = 337.
However if we consider these number counts in di erent redghranges, we do not
observe a attening of the number counts foe < 2:2 towards faint magnitudes. This
e ect might result from incompleteness of the COMBO-17 sanip abovez > 1:2 at
the faintest magnitude (we detect in our sample contributio of host galaxy up to
z 1:6: see Figur¢=374). This di erence is observed in the lowezdshift bin of our
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Figure 3.10: Comparison of the BLAGN cumulative density of the VVDS and the COMBO-17
sample in di erent redshift bins.

luminosity function (Section[33).
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Figure 3.11: Redshift distribution of the VVDS BLAGN sample. The shaded histogram corre-
sponds to BLAGN with a secure redshift (ags 13 and 14), whilethe unshaded histogram includes
also ag 19 BLAGN, distributed with an equal weight over the d i erent redshift alternatives.

3.4 Redshift distribution

The redshift distributions of our wide and deep samples areggsented in Figurd_3T1.
BLAGN a with degenerate redshift solution (ag 19) have beerdistributed with
equal weights in the di erent possible redshifts. The absee of objects between
redshift 0.5 and 1 in the wide elds can be attributed to our lav e ciency for
selecting objects at this redshift (see FigureEZ3.5). The nmaiuncertainty resulting
from BLAGN with a degenerate redshift concerns the fractiorof BLAGN at low
redshift.

The fraction of z > 3 objectsis 17% in the wide sample and 15% in the deep
sample. The mean redshift is 1:8 in both the wide and deep samples. Considering
all ag 19 BLAGN successively at their lowest and highest rezhift solution, we nd
that the mean redshift of both deep and wide sample lies betese 1.5 and 2.1. This
shows that, by pushing our magnitude limit from that of the wie to that of the
deep survey, we are not increasing our mean redshift but rahexploring the fainter
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Figure 3.12: Apparent | ag magnitude as a function of redshift in the VVDS deep sample. @lax-
ies are plotted with points, BLAGN with secure redshift are plotted with lled dots and BLAGN
with degenerate redshift are presented at all their redshif solutions with empty circles. The thick
line gives the apparent magnitude of a BLAGN template of abstute magnitude Mg = 23 and
therefore corresponds to the transition between QSOs and $éert galaxies.

part of the luminosity function at all redshifts.

Figure[312 shows the apparent magnitude versus redshifsttibution of BLAGN
and galaxies in the deep sample. We see that some of our BLAGM aampling the
faint magnitudes, well inside the galaxy luminosity funcion. We nd that  35%
of the objects in the deep sample are Seyfert galaxies, rathtban QSOs, having
absolute magnitudes fainter thanMg = 23.
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3.5 Morphology and color properties

The fundamental property of our survey is that it does not suer neither from
morphological nor from color selection biases which are gemt in most optical
surveys. Therefore, using the VVDS deep photometric data,enare able, a posteriori,
to estimate quantitatively the fraction of AGN missed by these standard selection
criteria.

3.5.1 Morphological analysis

The use of a morphological selection of point-like objectagses the loss of BLAGN
candidates for two main reasons. The rst is due to the fact tht a reliable separa-
tion between point-like and extended sources from groundxbed images is possible
only for relatively bright objects. The second reason is assiated with an intrin-
sic property of BLAGN: at relatively low z and low intrinsic luminosity, BLAGN
may appear extended or at least slightly resolved because fini cant contribu-
tion from the host galaxy. This e ect can introduce a redshifdependent bias in
morphologically selected AGN samples, especially at faintagnitudes.

We have conducted a morphological analysis of our BLAGN sanepthrough the
study of various shape parameters, which de ne a charactstic radius weighted by
the light distribution function (@@b In particular , for this analysis we used
the SExtractor ux-radius parameter, denoted ag ,, which measures approximately
the radius which encloses half of the object's total light. fis parameter is used to
identify point-like sources, because, for unresolved olis, it is directly related to
the width of the point spread function and it is independent bluminosity (for non-
saturated objects). In the planer, | magnitude, we can distinguish two di erent
classes of objects: unresolved sources that occupy a welhdd strip of the plane
at small and approximately constant values of, and resolved objects for whichr,
varies with magnitude.

This analysis is restricted to the VVDS-0226-04, VVDS-108®1 and VVDS-
2217+00. We exclude the CDFS for which this parameter is not @asured. Since
our data, covering large areas in di erent sky regions, havgeen taken with di erent
seeing conditions, the stellar locus resulting from the usd# the measured, values
is signi cantly broadened, thus making a clear separation éiween point-like and
extended objects di cult. To account for this, we used an \adaptive" classi cation
technique following McCracken et &1..(2003): after dividig the eld into many sub-
areas, mainly following the pattern corresponding to the dérent pointings, we have
normalized the ux radius of each object to the local, mode, computed for all the
objects within each sub-area. Figur€-313 shows this norndd r,(I) parameter
versus |-magnitude.

The use of the normalized ,(l) allows us to improve our ability to distinguish
point-like from extended objects. As shown in FigurE_313his separation appears
to be feasible up tolag 225 (without normalization, the corresponding limiting
magnitude waslg  21:5). Beyond this magnitude (ag  225), the number of
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