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ABSTRACT

Aims. Our goal is to characterize AGN populations by comparingr tieay and optical classifications within the frameworktbé
standard orientation-based unified scheme.

Methods. We present a sample of 99 spectroscopically identifidZ2 mag) X-ray selected point sources in the XMM-LSS survey
which are significantly detected (3 o) in the [2-10] keV band with fluxes betweerx 802> and 8104 erg s* cm 2, and which
have more than 80 counts. We have compared their X-ray anchbptassifications. To this end, we performed an X-ray spéc
analysis for all of these 99 X-ray sources in order to asséssher they are intrinsically absorbed or not. The X-ragsification is
based on the measured intrinsic column density. The optiassification is based on the measured FWHM of the pernstteidsion
lines, the absence of broad lines being due to obscuratithinthe framework of the standard AGN unified scheme.

Results. Introducing the fourfold point correlation ciientr, we find a mild correlation between the X-ray and the optitatsi-
fications €=0.28), as up to 32 X-ray sources out of 99 hau@eding X-ray and optical classifications: on one hand, 10%eftype

1 sources (/B2) present broad emission lines in their optical spectrhsarong absorptionNy™> 1072 cm2) in the X-rays. These
objects are highly luminous AGN lying at high redshift andgHdilution dfects by the host galaxy light are totally ruled out, their
discrepant nature being an intrinsic property insteadirTeay luminosities and redshifts distributions are dstent with those

of the unabsorbed X-ray sources with broad emission lihesd~4x10* erg s?; z~1.9). On the other hand, 72 are moderate
luminosity (Lo_10< 5x10* erg s') AGN, which are both unabsorbed in the X-rays and only presarrow emission lines in their
optical spectra. Based on their line ratios in the optidad, majority of them have an optical spectrum which is moreasgntative

of the host galaxy rather than of a reddened AGN. We finallgritiiat dilution of the AGN by the host galaxy seems to accéamt
their nature. 25 have been defined as Seyfert 2 based on their optical apbttonclusion, most of these 32 discrepant cases can
be accounted for by the standard AGN unified scheme, as iligtiens are not met for only 12% of the 99 X-ray sources.
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1. Introduction observations (e.g. Worsley et al. 2005; Hickox & Markevitch
2006; Carrera et al. 2007). XRB synthesis models with a com-
More than 40 years after its discovery, the X-ray backgroumination of absorbed and unabsorbed AGN and founded on
(XRB) is partially resolved into discrete sources and itsrmathe AGN orientation-based unified scheme (Antonucci 1983) i
component is widely interpreted as being mostly made of AGNMhich each AGN contains an obscuring torus, have been able
(Setti & Woltjer 1989, Giacconi et al. 2002, Alexander et ato reproduce the overall broadband spectral shape of the ob-
2003). Recently, around 80% of the XRB has been resolvedsarved XRB (e.g Comastri et al. 1995, 2001; Gandhi & Fabian
the [2-10] keV energy range by de€handraandXMM-Newton 2003; Treister & Urry 2005; Gilli et al. 2007). The standard
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orientation-based unification scheme rather suggestsathat redshifts. They only performed an X-ray spectral analysi$db
sorbing material (the putative torus) is present or not@libre sources, as most of them do not have enough counts.

line of sight depending on the relative inclination of theuwm The advantage of our study resides in that optical spectra
However, a certain number of observations do not agree twth with secure identification and redshift are available farteaf
predictions of these synthesis models (in particular withuni- the optical counterparts of the 99 point-like X-ray soureesd

fied scheme). There is a significant number of AGN for whickecond, our sample covers a much larger area, about 3 times
the expected optical and X-ray characteristics are notahees larger than the sample of Tajer et al. (2007), with about éwic
and are thus violating the unified scheme. On one hand, thereas many extracted X-ray spectra. This allows us to draw some
AGN showing strong absorption in the X-rays while their eptistronger and safer statistical trends.

cal and ultraviolet emission shows mild extinction (Fioteak The sky area over which we have selected the AGN candi-
1999; Maiolino et al. 2001a; Page et al. 2001; Gallagher.et dates has a very large overlap with the 4.2%degpd by Gandhi
2006). On the other hand, there are also AGN which are ordy al. (2006) for an angular clustering analysis of AGN. Whil
showing narrow emission lines in their optical spectra @lihi Gandhi et al. (2006) have discussed the clustering pregseofi
would happen e.g. if the broad line region was hidden), whikib-samples of absorbed and unabsorbed AGN separatsly, onl
only mild (or even absent) absorption is observed in their Xninimal source identification and classification criteri@ra

ray spectra (e.g. Pappa et al. 2001; Panessa & Bassani 2G@@pted by them. Our current paper is a big step towards fully
Barcons et al. 2003). Finally, very recently, Punsly (20083 classifying their moderately bright sample of AGN candégat
used a sample including both obscured quasars and broadaid eventually studying the full three-dimensional clusgpof
sorption line quasars (BAL QSOs) to compare their hydrogGN over a large sky area.

column density derived from X-ray observations. They shbwe Our paper is organized as follows : the X-ray sample and
that, surprisingly, the BAL QSOs have column densities #nat the optical spectra are presented in Sect. 2. The opticssiela
significantly larger than those of the obscured QSOs, wtdchfication is discussed in Sect. 3. The X-ray data reduction and
at odds with the AGN unified scheme. In this paper, we charabte X-ray spectral analysis are presented in Sect. 4. In Sect
terize AGN populations over the XMM-LSS area by comparingge compare and discuss the optical obscuration and the X-ray
their X-ray and optical classifications. absorption within the framework of the AGN unified scheme.

The XMM Large Scale Structure Survey (XMM-LSS)In Sect. 6, we discuss the nature of the X-ray Bright Optycall
presently consists of 19 guaranteed-time (G) and 32 guestrmal Galaxies, while in Sect. 7, we present 7 type 2 QSO can-
observer time (B) overlapping pointings covering a totaaar didates. Finally, Sect. 8 provides a summary of the repoeed
of 6 ded. The nominal exposure times were 20 ks and 10 lasllts. Throughout this paper, we assuihg= 70 km st Mpc?,
for the G and B pointings, respectively. We refer to Pierralet Qm=0.27 and,=0.73, in accordance with the WMAP cosmo-
(2004) and Pierre et al. (2007) for details on the X-ray olmser logical parameters reported by Spergel et al. (2007).
tions. Details of the detection pipeline and source clasgitin
are presented in Pacaud et al. (2006). The 19 G pointings are
part of the XMDS KMM Medium Deep Survey, Chiappetti et2- The samples
al. 2005), which covers a total area of 3 demd which lies at 2.1. The sample of X-ray selected point-like sources
the heart of the XMM-LSS. About two thirds of the XMDS area
are covered in the optical band with the VVDS (VIRMOS VLTWe have used the most up-to-date X-ray catalog (Pierre et al.
Deep Survey) both by UBVRI photometry (Le Fevre et al. 20082007) to define a sample of 612 X-ray selected point-likesesir
and by multi-object spectroscopy with VIMOS (Le Févre et avhich have both a log-likelihood of detectior20 (this roughly
2005) and by an associated radio survey at 1.4 GHz (Bondi etearresponds to- 307) in the [2-10] keV band (see Pacaud et al.
2003). Part of the VVDS area-(.8 ded) is also covered by the 2006 for full details), and a total number of cous@® in the
UKIRT Infrared Deep Sky Survey (UKIDSS, Dye et al. 2006[0.5-10] keV band. These targets are located within the ahol
Lawrence et al. 2007). Finally a large area of the XMM-LS$ ded of the XMM-LSS, which have been observed so far. We
Survey has been covered by 2dF observations in December 2068d a minimum of 80 total counts in order to ensur@cent
as part of the 11 dégmedium sensitivity XMM Wide Angle photon-statistics to perform an X-ray spectral analysis.[&.1
Serendipitous Survey (XWAS), using the 2dF optical multidib in the appendix shows this sample of 612 X-ray sources, which
spectroscope on the AAT (Tedds et al., in prep). are distributed among the 51 X-ray pointings.

The present paper gathers a large and representative samplé\s illustrated in the left panel of Fig._A.2 in the appendix,
of 99 spectroscopically identified optical counterpartXafy most of the 612 X-ray sources have a 2-10 keV flux between
point sources selected in the [2-10] keV band. The goal of 08x10*>and 8<10-* erg s* cm?, and the turnover of the flux
paper is to perform an internal comparison of the X-ray progistribution is around 10 erg s* cm 2.
erties of our sample with the properties of their optical rteu
parts. Firstly, even if our sample isfacted by selectionfiects
(mostly concerning the optical counterparts), it will beowsim
that the conclusions of our work are not significantjeated
by these incompleteness issues. Our results will finallydye-c Presently, optical spectra with secure identification gretso-
pared with the predictions of the standard AGN unified scherseopic redshift are available for 99 X-ray sources out of.612
(Antonucci 1993). Our work is a complementary analysis o thiThese 99 X-ray sources have been extracted in 26 X-ray point-
works of Tajer et al. (2007) and Polletta et al. (2007). Thayeh ings, and have a limiting flux of>8.07%° erg s* cm™ . Due to
selected a sample of 136 X-ray point sources detecteBain the fact that the X-ray pointings do overlap, the corresjrognd
the [2-10] keV band within a 1 dégarea of the XMDS. Their total area is smaller, around 3 deg
goal was to probe the populations of AGN by a fit of SED tem- In order to get the optical spectrum of the counterpart of
plates over their opticalMIR photometric data points in ordereach X-ray source, we have correlated our sample of 612 X-ray
to infer the nature of the X-ray sources and their photometisources with the catalog of optical spectra observed souatp

2.2. The sample of R < 22 spectroscopically identified X-ray
point sources
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5”. Then, we only selected those X-ray sources which have drray point sources and for the 513 still optically unidéet
optical spectrum with a secure identification and a spectigis  X-ray sources are in a rather good agreement with each other.
redshift. Proceeding this way, we end up with a sub sampl® of Blext, we also compared the hardness ratios for these same two
X-ray sources. The histogram of the separations betweeX-thesamples. The hardness ratio is defined as :

ray sources and the optical counterpartsis shown in thpaeift|

of Fig.[A.3 in the appendix. Finally, we computed the probabigr — H-S )
ity that the association between an X-ray source and itdipata H+S’

optical counterpart results from random fluctuations ushey whereH is the background subtracted number of counts in

following equation (Downes et al. 1986) : the hard [2-10] keV band an8 is the background subtracted
—1_ _ 2 number of counts in the soft [0.5-2] keV band. The histograms
p = 1= exp(mn(< mr). @ the hardness ratio for the two samples are presented inghe ri
wherer is the distance between the X-ray source and its oppianel of Fig[A.2 in the appendix. This figure shows the facti
cal counterpart, and(<m) is the density of objects brighter thanof X-ray sources in each bin for the hardness ratio. Oncenagai
the magnituden of the optical counterpart, which has been olthe two distributions are in good agreement with each other.
tained by counting the number of sources brighter than angive From both panels of Fid._Al2 in the appendix, it can be
R magnitude based on thérphot catalog. This probability has seen that the 99 spectroscopically identified X-ray souates
been computed in order to check whether the optical spectrstightly brighter and softer in the X-rays than the 513 stpki-
is really the one of the X-ray source. As in Tajer et al. (2007¢ally unidentified X-ray point sources.
we ranked the probability that the association itself is remm Furthermore we have performed a Kolmogorov-Smirnov (K-
dom as "good” p < 0.01), "fair’ (0.01 < p < 0.03) and "bad” S) test for both the hardness ratio and the flux distributlues
(p > 0.03). Out of the 94 optical counterparts for which tRe tween the 99 X-ray sources which have an optical spectrum and
band magnitude is available, 94 (100%) are classified asd’godhe remaining 513 X-ray sources which do not have an optical
ones. This is expected because most if not all of the optmate spectrum, in order to test whether this trend is significamtad.
terparts are quite bright. This thus allows us to be highlyfico We find that the probability that the two samples are drawmfro
dent in the proposed association between each X-ray sondce the same population iB = 0.13 andP = 0.15, for the hard-
its optical spectrum. ness ratio and the X-ray flux, respectively. Therefore, @am-s
The optical spectra used in this work mainly issue from gle of 99 optically identified X-ray point sources, for whitte
spectroscopic runs: 79 of them have been taken with the 2d&ermining criterion to be included in the sample is the-opt
in December 2003 (as part of the XWAS project) in two ovegal spectrum (which is not a uniform criterion at all) steatially
lapping circular pointings, 2 degrees across and sepalgtedconstitutes a fair representation of the whole sample o6t

1.26 degrees. The pointing centers are hopr525_0349 00 X-ray sources. Optical selectiorffects will be discussed in the

and 0225M08°-05:02 27, respectively. The two pointings havenext section.

been exposed for 4800 s and 3600 s respectively, both with the
300B grating. The achieved spectral resolution of the 2df€-sp 3. The Optical classification criteria

tra is around? ~ 600 . The &N is about 5 at 5500 A for a source . .
; — ; .~ _To differentiate between type 1 and type 2 AGN, a value between
of magnitudeV = 21. Further details about the 2dF Optlca}%OOO km st and 2000 km st is often adopted for the relevant

spectroscopy used in this work are provided in the XWAS cat- . . ;
: : ull Width at Half Maximum (FWHM) border value of their cor-
alogue paper (Tedds et al., in prep). Note that 3 opticalcssur ponding emission lines (€.g. Page et al. 2006a; Cagaiai

observed with 2dF have also been acquired independentty wWitS ;
the Southern African Large Telescope (SALT) in 2006 vyith tht?ezlg\?vﬁi\/:no;hseor%rgiigﬁ \Iivr?(;\lfvln\,\;(e)rglig dneor;[ g?neisls(i)gr?lﬁe)sa(se
PGO0300 R ~ 400) and the PGOQO(IR(_~ 1200) grisms during a i]) amounted up to FWHM1100 km st. We decided to.g.
PV phase. 9 spectra have been obtained with FORS? at the \%:%loose 1500 km*épas the dividing value td classify an AGN
during follow-up campaigns of the XMM-LSS survey in 2002 aither a tvbe 1 of a tvpe 2 ob'egt y

_2003hand 2bOO4' The corgbinﬁd ﬁx%%sc;g? tir_rgnif( 11888; 8 EOiﬁE The me\/ls of all ()a/rpnissionJ lines have been directly mea-
ings have been exposed with the gri an s : X .

one has been exposed with the 600z griftn-(1400). Finally, _.Sur?ﬁeblé%%ntgglguSls(:i?rga?w]ees’ ;%rk?eeig dosptlzccal\/\slepigz

11 spectra have been obtained with VIMOS at the VLT W'th'wgecked thet the Sp octral resolur'zion o?the o pticaﬂ spedn
the VVDS (Le Fevre et al. 2005; Gavignaud et al. 2006). The ogwest beingR ~ 23%) allows us to distin uishpa narrgw emis-
objects were observed with the low-resolution red grismcivhi sion line from a broad emission line usi% 1500 krh 8s the
covers the wavelength range 5500-9500 A with a spectral re ' 9

lution R ~ 230. The combined exposure time is 4.5 hours. ?‘fi\/ldmg value for the FWHM.

With this large number of spectroscopically identified )y_raggg(g\é\fZgggéstzgnvent|on, we have divided our sample into tw
sources, we are in a good position to start an analysis infwhic™ " Type 1 objects including

we characterize the population of X-ray sources in comgarin 61 sources showing broaW¥wuwv > 1500 km s?) per-

their X-ray and pptica_l properti_es. itted emission lines. These are Broad Emission Line AGN
Before starting this analysis, we have checked whether ] AGN)

sub sample of 99 X-ray sources constitutes a fair represemta
of the whole sample, which includes 612 X-ray sources. T® thi
end, we first compared the [2-10] keV band flux distributioﬁsr

- Type 2 objects including
e 35 sources showing narrowfwnmv < 1500 km s?) per-

these two samples. The histogram presented in the left péne itted emission lines. These are Narrow Emission Line Gatax
: . : X NELG).

Fig.[AZ in the appendix shows the fraction of sources as e-fu

tion of the [2-10] keV flux. It can be seen that the overalliist * |RAF, which is an Image Reduction and Analysis Facility, is-d

butions of the flux for the sub sample of the 99 optically sieldc tributed by the National Optical Astronomy Observatories.
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Class | Spectral type| Number Note that the fraction of BLAGN, NELG and ALG in our
Type 1 BLAGN 61 sample is also consistent with several other publishediestud
Type 2 NELG 35 (e.g. Fiore et al. 2003, Silverman et al. 2005). Della Cecal.et
ALG 3 (2004) have defined two samples : one in the [0.5-4.5] keV band
NELG+ALG | 38 which is the XMM-Newton Bright Source Sample (BSS, here-
| Total ] | 99 | after) and the other one in the [4.5-7.5] keV band, which & th
Table 1.Optical spectroscopic classification. XMM-Newton Hard Bright Source sample (HBSS, hereafter).

Concerning the BSS, they find a significantly higher fractién
broad line AGN (around 85%). This can be explained by the fact
that it corresponds to a band which is softer than our seld2te
10] keV band. In the HBSS, they find a fraction which is more
sistent with ours (around 70 %, withirv).
The right panel of Fid. A3 in the appendix shows our d&n
band magnitude histogram of the 94 identified sources fochvhi
These values are gathered in Table 1. The fraction of typaR band magnitude is available. TReband magnitudes come
1 (BLAGN) and type 2 objects (NELEALG) is thus 62% and from the UKST plate scans from the supercosmos archives in
38% respectively. Edinburgh (equivalent to Cousins Vega magnitudes) and from
the VVDS. Note that the lack of the band magnitude for the
remaining 5 optical counterparts is solely due to partidioap
10 imaging coverage.
r ] Most of the sources have dband magnitude between 17
L 1 and 21. We have mostly identified bright optical counterpart
8 due to the fact that most of our optical spectra come from the
] shallow 2dF run.
301~ 7 As shown in Fig[L, type 1 AGN in our sample have been
detected out t@a ~ 4. These type 1 AGN have a broad distribu-
i tion in redshift, most of them having< 2.5, which is consistent
1 with the one observed by Tajer et al. (2007); see also Silgarm
Z 20 | - et al. (2005). We have mostly identified type 2 AGNzat 0.6.
r ] The distribution of type 2 AGN in our sample drops at a slightl
i | 7 lower redshift value than the one observed by Tajer et aD720
| [ 4,—\— | However this can mostly be accounted for by the fact that the
10 i bulk of our identified optical counterparts have a brightgti-o
L i cal magnitude. And thus statistically, they should lie ab\agr
L 1 redshift.

e 3 sources showing no emission lines in their spectra. Th
are Absorption Line Galaxies (ALG).

4. X-ray spectral analysis
4.1. X-ray data reduction

Fig. 1. Spectroscopic redshift distribution of the 99 optical counVe have extracted the X-ray spectra for each of the 99 X-ray
terparts in our sample. The solid histogram refers to thelevh@oint sources of our sample, detected in the [2-10] keV band,
sample, the long-dashed histogram refers to type 2 AGN and fbr which we have an accurate redshift. Note that each X-ray
dotted histogram refers to type 1 AGN. source detected in the XMM-LSS survey has éraxis distance
smaller than 13 as the X-ray pipeline (Pacaud et al. 2006) de-
) ) ) ) tects X-ray sources with arffeaxis distance up to 13

Concerning the optical selectionffects, we are biased  The X-ray data reduction has been performed using the most
against faint (typicallyR > 22) optical counterparts, as can b@ecent version of the XMM-Newton Science Analysis System
seen in the right panel of Fig._A.3 in the appendix. In order {&SAS v7.0.0). All valid event patterns (PATTERN 0-12) were
test whether the optical selectioffects will significantly ham- ysed in constructing the MOS spectra. For the pn spectrg, onl
per the comparison between the X-ray and the optical prigsert the single and double events (PATTERN 0-4) have been used.
we searched for the fraction of similar types of AGN in muclyents were extracted for each source using the SAS task
deeper surveys. Eckart et al. (2006), who have identifiedtspe eyselect in a circular region with a radius varying between
of OptiC&' counterparts down ® = 24, have found that 51% of 20" and 30, depending on thefbaxis distance of the X-ray
their optical counterparts are BLAGN, which representsaa-fr source. The background events have been extracted in the nea
tion of BLAGN which is not significantly dferent from ours est source free circular region, on the same CCD chip, exclud
(within 2 o). ing areas near CCD gaps. We have tried several sizes for the

If we restrict their sample down tR < 22, which is ap- background extraction region, betweer’2dnd 60 : a small
proximately the limiting magnitude of our analysis, thewéa region is not really representative of the background umekzth
identified 63% of BLAGN, which is very consistent with ourthe source (noise problem) whereas a large region incluatss b
corresponding fraction of BLAGN (within &). ground counts too far away from the source where the back-

All this suggests that our internal comparison between tigeound might be significantly fferent. Moreover, it would also
X-ray and the optical properties does noffeu much from in- increase the probability to include other X-ray sourceshia t
completeness issues, at least on statistical grounds. background region. We ended up choosing a radius arouhd 40



Garcet et al.: The XMM large scale structure survey : OptisalX-ray classifications of AGN 5

for the background extraction region as we found it to be algoo
compromise. The background regions have been chosen manu-
ally, in order to avoid to include other X-ray sources.

In order to perform a proper spectral analysis, we created th
redistribution matrix file (RMF) and the ancillary resporige 60 - 7
(ARF) for each X-ray source and for each of the used detectors 1
using the SAS tasksmfgen andarfgen, respectively. To make L 7
full use of the available X-ray data, we have simultaneofisly L i
ted the X-ray spectra of the 3 detectors (MOS1, MOS2, and pn)
whenever possible.

For the cases consisting of X-ray sources detected over two
X-ray pointings, for which the f-axis distances are less than
12 and the separation on the two X-ray pointings is less than 1
we have jointly extracted their X-ray spectra, in order tefke 20
a good PSF and to have rmf files that are close enough to each |- 1

'40 — —

other. There were 5 such cases. For the other cases, we have | — 1 |
chosen the X-ray pointing with the longest exposure timdlevh | 1 |
if the exposure times are equivalent, we have chosen théipgin ‘ = Ll ‘
for which the X-ray source has the smalléf-axis distance. 20 21 22 23 24

log N, (cm™)

4.2. Results Fig. 2. Column density distribution (galactintrinsic compo-

The X-ray spectra have been analyzed using XSPEC (v11.3.r&ﬁ.m) for the whole sample.
We have kept the [0.3-10] keV region for spectral fitting and
we ignored bad energy channels. We fitted as many of the 3 de-
tectors as possible. We binned the spectra with at leastiggneédeen tentatively identified as the Fe K line at 6.4 keV, usitg t
bins, in order to have enough energy bins to fit a powerlaw modwpectroscopic redshift of the source).
to the X-ray spectra. When at least 15 counts are available in We have classified our X-ray sources using a discriminat-
each energy biny? statistic was used. Otherwise, we used Cashg value ofN{{'= 1072 cm? for the best fit value of the intrinsic
statistic (Cash 1979), in which case we binned the spectrahigdrogen column density. This value has been chosen agét-cor
have at least 5-10 counts in each energy bin. Among our 99 $ponds to the column density of neutral hydrogen neededito hi
ray spectra, 41 of them have been fitted usidgstatistic and the broad line regions for clouds which have a standard gras-t
58 of them have been fitted using Cash statistic. Whenythe dust ratio (Silverman et al. 2005).
statistic was applied, we verified that the Cash statiseddgid Above this threshold, the AGN is considered as absorbed in
consistent results. the X-rays (hereafter type ). Otherwise, the AGN is unabed

For each X-ray spectrum, we first fitted the spectrum usirfgereafter type 1). Using this criterion we end up with 79a¢r
an absorbed powerlaw model with galactic hydrogen colunseurces classified as type | AGN and 20 sources classifiegpas ty
density along the line of sighiN=2.6 17° cm%; Dickey & Il AGN. Tajer et al. (2007) report a significantly higher ftan
Lockman 1990) and a possible intrinsic absorption compbnef type Il AGN (49%) but this is mostly due to ourftBrent
at the source redshift. This corresponds to the XSPEC modelection method. Indeed, as our study is only keeping X-ray
phabszphabspow, fixing the galactic column density to thesources with more than 80 counts in the [0.5-10] keV band, it
value given above and using the spectroscopic redshiftef tikely that we identify mostly type | AGN.
source. Wherny? statistic was used, we fitted the spectrum set- Furthermore, as Tajer et al. (2007) use photometric reishif
ting both the intrinsic column densnwﬂt) and the photon index they go much deeper in magnitude (although with larger riétdsh
(') as free parameters. In cases where the fitted va|u}¢_f;bfs uncertainties) for the optical photometric points over etha
consistent with 0 (at the 95% confidence level), we refitted tispectral energy distribution template is fitted in order ssess
X-ray spectrum using the XSPEC model phatpow, withl" as  both the redshift and identify the nature of the X-ray source
the only free parameter. The observed frame X-ray flux, and the rest frame, deab-

Otherwise, when Cash statistic was used, we never set bg@ibed (intrinsic) X-ray luminosity in the [2-10] keV bane\e
the N'nt and thel as free parameters, as there were néitcant been derived for the 99 X-ray sources, directly from the nhode
counts to constrain both parameters. So, when using Catigh stditted to the X-ray spectrum.
tic, the fit was first performed with}" as a free parameter, fixing ~ The distribution ofNi, for our sample is shown in Figl 2. The
I to a value of 1.9, which is a valiie representative of broaal lifirst bin in the histogram corresponds to the fixed galactioeva
AGN (Turner & Pounds 1989; Nandra & Pounds 1994). Eadhr the hydrogen column density. This refers to X-ray syzefdr
time the inferred\* was consistent with 0 (at the 95% conwhich a power law model with no intrinsic absorption has been
fidence level), we refitted the spectra only taking into aotoufitted, as we have checked that X-ray absorption is incosrsist
the galactic absorption component (XSPEC model preiimv)  at the 95% confidence range for these X-ray sources.
and withT" as the only free parameter. 7 sources out of 99 are Concerning the type | X-ray sources we have made the his-
better fitted (significant increase of the goodness of fit)iwae togram of the 60 fitted values dfshown in Fig[B. Our distribu-
more complicated model than a powerlaw is used : 1 neededtim of the fitted value for the photon index has a mean value of
absorbed powerlawblack body model, 1 two power laws, ond” = 2.01+0.28, which is consistent with the works of Page et al.
absorbed and one unabsorbed with the same valdg ford for (2006a), Caccianiga et al. (2004), Mainieri et al. (20020&0
5 sources, the presence of an emission line was required/€ hand Mateos et al. (2005).
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Fig. 3. Distribution of the photon indices that have been fitted fd¥ig. 4. Column density distribution (galactiintrinsic compo-
the X-ray sources classified as type I. nent) for type 1 AGN (solid histogram) and for type 2 AGN (long
dashed histogram).

5. Optical obscuration versus X-ray absorption Typel | Typell | N

Type 1 54 7 61
In this section, we compare optical obscuration and X-ray abType2 | 25 13 38
sorption within the framework of the AGN unified scheme. The N 79 20 99

simple orientation-based unified model (Antonucci 1993 prraple 2. Number of sources as a function of the optical (Type 1

dicts a strict correlation between the optical obscuragioththe  or Type 2) and the X-ray (Type | or Type 1) classifications.
X-ray absorption. However, recently, quite a few studiegeha

claimed to find objects for which the X-ray and the opticabkela

sifications do not match. For example, Panessa & Bassar2}200 , ,
have presented a significant number of type 2 AGN whose $89%) of them are unabsorbed in the X-rays. Also, there is a
ray spectra are indicative of a mild (or absent) absorplitiey 1arge probability that an absorbed AGN is a type 2, a$203
tentatively estimated this percentage in the range 10%:308°%) of them only present narrow emission lines in theii-opt
Another important exception to the X-rmptical classification €@l Spectra. This trend has been previously observed maesgti
correlation is the discovery of type 1 AGN with large X-ray ab(€-9 Mainieri et al. 2006; Page et al. 2006a; Tajer et al. 2007
sorption (e.g Fiore et al. 1999), some of them being Comptbtpwever, in overall, the optical and the X-ray classificaiare
thick (Gallagher et al. 2006). Finally, very recently, Page. only matched for 68% of the AGN in our sample. At first sight,

(20064a) also reported a significant number of type 2 AGN wifp8% Still seems to be large. In order to test in more detaits th
low X-ray absorption. corrglatlon, we thus compu'ged th_e fourfold point correlatto-

In the present work, we also find a significant number of Y&fficient (hereafter r) which is defined as :
ray sources for which the X-ray and the optical classiﬁcnftior N11N22 — N12N21 3)
do not match. Figl14 illustrates the column density for type 1= — ——— -

AGN (solid histogram) and for type 2 AGN (long dashed his- M2 N2

togram). This figure shows that 20% of the type 1 objects hawgeren;; is the value of the element of the table;n, corre-
Ny> 10°* cm~2 and 11% havél,>10°2 cm™2. Tajer etal. (2007) sponds tan1+ny2; Ny COrresponds @y +Ny,; Ny corresponds
find that about 31% of their type 1 AGN show strong X-rayo n;;+n,; andn; corresponds tay,+n,,. The fourfold point
absorption Kiy>10?? cm~2). They inferred the intrinsic column correlation cogiicient is similar to the ordinary correlation coef-
density from a sample of X-ray spectra and from an analysisfidient : when this cofiicient is equal to 1, there is a strict cor-
the hardness ratios for the X-ray sources which do not haveetation, when it is equal to 0, there is no correlation ataatid
suficient number of counts to extract their X-ray spectra. Onfinally when it is equal to-1, there is an anti-correlation. We
taking into account the X-ray sources for which an X-ray speihtroduce this correlation céiécient because it corresponds to a
trum has been extracted, they find a value much closer to outre rigorous way to quantify the correlation between theax-
around 9% which is in good agrement. and the optical classifications : if no correlation is obserbe-

On the other hand, 66% of our type 2 objects hiiue10?>  tween the X-ray and the optical classifications=(0), we would
cm~2 and 53% haveNy<10?! cm 2. This is consistent with the find 25% (in case of equipartition among the two types) of the
results of Page et al. (2006a) who find that about 68% of theibjects in each box of Table 2., which would mean that they-ra
type 2 AGN are showing very low absorption in the X-rays.  and the optical classification would be matched for up to 50% o

Table 2 shows the number of sources divided accordingttee X-ray sources.
their X-ray and optical classifications. This table showatth  We thus applied ed.{3) to the elements of Table 2 and found

there is a large probability that a BLAGN is a type |, ag68 a value ofr = 0.275'3335 We defined one-sided error bars,
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simulations have shown that a valueroft 0.275 is consistent

' k) | with the o~ of the gaussian distribution being equal to 2. In other
| } | words, it means that 32% of the X-ray sources have their col-
| i umn density in the X-rays and in the optical whichtdi by

08 L }@ _ more than a factor 100. In order to take into account the Featt t
L , X-ray sources with a column density fixed to the galactic galu

] might have mild intrinsic X-ray absorption, we have obtaine
i | new simulations settinfjl;=10?* cm2 for these X-ray sources.

0.6 | With this value, we find that 32% of the X-ray sources haverthei
Lt 1 column density in the X-rays and in the optical whiclffeli by
1 more than a factor 40. Therefore, these simulations haaglgle
L 1 shown that there is at most a mild correlation between thayX-r
0.4 B and the optical absorption properties.
- l 1 . As it will be shown later, sources #44 and #63 (both being

[ T unabsorbed X-ray sources, classified as type 2 AGN) are embed

- L J J J® 1 ded in an X-ray galaxy cluster. So for these 2 sources, tiiereli

0.2 - — ence between the X-ray and the optical classifications ntight
] due to a soft contribution from the X-ray galaxy cluster. Végd

- thus also computedexcluding these two X-ray sources. We end

up withr = 0.2947013% Even if slightly higher, the conclusion

remains unchanged.

Fig. 5. The average value of threcoefficient over 100,000 simu-  When applied to the sample of Tajer et al. (2007), we find
lations as a function of the standard deviationf the assumed @ value ofr = 0.252" 0. Their result is consistent with ours
gaussian distribution of the logarithm of the column dgnait Within the error bars. Their value ofis also consistent with the
the optical. The error bars for thevalue correspond tod. The @bsence of a strict correlation between the X-ray and theaipt

solid line corresponds to the value= 0.275 that we obtain for classifications. ) ) )
our sample of 99 X-ray sources. We then computed the fourfold point correlation fiamgent

r as a function of the X-ray flux and the X-ray luminosity in the
[2-10] keV band : we first defined 3 sub samples having a flux
which have been computed assuming poisson errors accordiftit of 1, 3and 510 **erg s* cm2. Ther values obtained are
to Gehrels (1986) for low number statistic, on each of the nur.228'915% 0.1633 722 and 0433'053), respectively. o
ber of sources;; and using the error propagation equation start- We then also defined 3 sub samples having a luminosity
ing from eq. [B). We have tested these error bars in producit@gger than 1 erg s?, 10¥ erg s* and 13%° erg s*. We end
1,000,000 Monte Carlo simulations assuming Poisson sitatig!p with r values of 0285733133 0.205'3737 and 02617333, re-
in the presence of correlation. We find very similar errorsharspectively.
even if slightly smaller. Finally, we have produced the s&ind Fig.[@ shows the hydrogen column density as a function of
of simulation but in the presence of no correlation (i.es 0). the absorbed [2-10] keV band flux. This figure clearly showas th
The dispersion obtained around the value 0 is 0.1. Thus, the the fraction of sources for which the X-ray and the opticabel
value ofr that we obtain for the whole sample# 0-275f8'(1)3§) is sifications do not match does not seem to increase signifjcant
consistent with a mild correlation but is significantly{fevel) towards faint X-ray fluxes, i.e. there is no bias or selectbn
different from the case = 0. Note that the value af that we fectin flux. Note that 16 X-ray sources out of 99 have their 95%
have obtained is totally inconsistent with a strict corielabe- confidence intervals crossing the discriminating linégf=1072
tween the X-ray and the optical classifications, even if the t cm 2 (11 X-ray absorbed and 5 X-ray unabsorbed sources). In
classifications are matched for up to 68% of the X-ray sourcegder to estimate their influence on the fourfold point clarre
in the sample, as a strict correlation between the X-ray had tion coeficientr, we switched their X-ray classifications (11
optical classification would yield a value compatible witk 1.  X-ray unabsorbed and 5 X-ray absorbed) and have computed
In order to better clarify the meaning of the resui 0.275, the corresponding correlation déeientr. We obtain a value of
we have produced 100,000 samples of 99 X-ray sources for 0.0977033% We have also computed the correlation ftiee
which we have computed the d&ieientr, proceeding in the cient excluding these 16 X-ray sources: 0.281" 525
following way: in each simulated sample, we have assumed for Therefore the influence of these 16 ambiguous X-ray sources
the optical obscuring column in each source a value drawn fraloes not significantly alter our results on the comparison be
a gaussian distribution around tiNg; derived from the X-ray tween the X-ray and the optical properties, e.g., at mostlé mi
spectral analysis. We have then classified the X-ray sowses correlation is observed.
ing a threshold oNy=10?? cm 2, both in the X-rays (actually Therefore, the mismatch we observe between the X-ray and
no change occurs) and in the optical. Finally, we have coetbuthe optical classifications is a general result which doets no
the average value of the déieientr over the 100,000 simula- strongly depend on the X-ray flux or luminosity. Note that for
tions, as a function of the standard deviatiomf the gaussian a flux greater than:610-14 erg s* cm2 or a luminosity larger
distribution of the logarithm of the column density in the-opthan 133° erg s, this result is not as significant anymore. We
tical. The results that we have obtained from these sinariati obtain a value of = 0.348f8&giwhen considering the sample of
are shown in Figl]5. This Figure clearly indicates that a @allPage et al. (2006a), which is consistent with our result.
of r = 0.275 corresponds to a rather large width for the gaussian Silverman et al. (2005) find that 81% of their X-ray sources
distribution of the logarithm of the column density in thetiopl, can be easily interpreted in the context of current AGN uaific
which means that there is at most a mild correlation betwieen tion models. Proceeding the same way, we obtain a value of at
X-ray and the optical classifications. More quantitativéiiese mostr = 0.58 for their sample: it has to be considered as an

( Olog Nh) opt
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Fig. 6. Column density distribution (galactiintrinsic compo- Fig. 7.Column density (galactigintrinsic component) as a func-
nent) as a function of the absorbed [2-10] keV flux for the 98on of the 2-10 keV intrinsic rest-frame luminosity. Sqesare
X-ray sources. Squares are X-ray sources classified as typé-tay sources classified as type | while triangles are thizsse
while triangles correspond to X-ray sources classified ps ty  fied as type Il. Filled symbols are the sources for which thax-
Filled symbols are the sources for which the X-ray and the oand the optical classifications do not match. The solid Imask
tical classifications do not match. The error bars corredgon the region where type Il QSOs should be found.
the 95% confidence interval. Data points without error bars ¢
respond to sources for which the column density has been fixed
to the galactic value. These column densities are consisitn If we restrict our sample to X-ray sources brighter than this
the galactic value and the presence of absorption in theamle flux limit, we only end up with 9 X-ray sources, for which the
X-ray spectra is at least rejected at the 95% level. The boriz coeficientr=0.316"3525. So, at these very bright X-ray fluxes,
tal line corresponds to the dividing line between type | X-raour results are consistent within the error bars, with thofse
sources (for whiciNy< 10?2 cm™?) and type 1l X-ray sources Caccianiga et al. (2004). However, this is mainly due to o |
(Ny> 1072 cm2). of identification of very bright X-ray sources in our samptanly
9 X-ray sources out of 99 hawe,_10>8x10"*erg st cm2. So,
it would be very interesting to increase the size of our sampl
o o ] especially towards very bright X-ray fluxes, in order to dhec
upper limit: as most of their inferred column density are @ppwhether the absence of a correlation between the X-ray and th
limits, we cannot tell whether the X-ray and the optical siis gptical classifications is still observed.
cations are matched for those cases. Their value, evergéiar |y Fig.[7, we have plotted the column density as a function
is still consistent with our results, within the error ba¥&ry  of the 2-10 keV intrinsic rest-frame luminosity. No corrida
recently, Mainieri et al. (2006) have presented a sample36f lhetween the absorbing column and the intrinsic X-ray lursiiyo
X-ray sources in the XMM-COSMOS field. From their data, Wg found.
infer a codficientr = 0.458 5. Once more, this value afis In this section, we have shown that, statistically, no sjron
consistent with onlly a_mlld correlation betV\_/een the X-rayl ancgyrelation is observed between the X-ray and the opticapr
the optical properties, in good agreement with our own tesul grties. This result seems to contradict the predictions@MGN
Finally, our results are significantly fiérent from those of unified scheme. Therefore, in the following two subsectiore
Caccianiga et al. (2004) who have defined a sample of 28 briglifl now discuss the physical nature of these 32 X-ray sairce
X-ray sources with spectroscopic identifications: they fimat for which the X-ray and the optical classifications do notchat
the strict correlation predicted by the unified scheme isoalm in order to investigate in further details whether the prédis
always respected : all their type 1 objects are only showiil mof the standard unified scheme are really not met. We will dis-
absorption in the X-rays. On the contrary, all but one oftheguss the 25 unabsorbed X-ray sources presenting only narrow
type 2 are characterized by column densities larger th&A 1@mission lines in their optical spectra in Sect. 5.1, andthe
cm2. So 96% of their X-ray sources have a similar classificatiaghsorbed X-ray sources presenting obvious and broad emissi
in the X-rays and the optical. We have computed the fourfolghes in their optical spectra, in Sect. 5.2.
point correlation coicient for their analysis. We find a value
of r=0.91+0.26, showing that there is a strong correlation=( . S .
1) between the X-ray and the optical classifications for the Y-1. Unabsorbed AGN lacking broad emission lines in their
ray sources in their sample, which is totally consistenhlite optical spectra
unified scheme. The significantifirences with our sample ares 1 1 g9ad band properties
that their sample is solely composed of X-ray sources witly ve
bright fluxes F»_10>8x10"*erg s cm2) and that their sample Fig.[8 shows a representative example of an unabsorbed X-ray
is flux limited in the [4.5-7.5] keV band. source, which is classified as a type 2. This X-ray sourceda/sh



Garcet et al.: The XMM large scale structure survey : OptisalX-ray classifications of AGN 9

L7 L B T

[om

1.0

0.02

o
o0

0.01

N
[on]
[om]
Ho

normalized counts/sec/keV
Fa (Arbitrary unit)
(@)
(o)}

" Q
o T
- } 0.2 b
" OO Lo I R R L | S R i | "
% . 4000 5000 6000 7000 8000

0.5 1 2 5

channel energy (keV) Wavelength (angstroms)

Fig.8. MOS1 MOS2 (the two lower functions) and pn (upper one) X-ragcira of a source which is only showing mild X-ray
absorption withN,1'=2.5 13! cm2. The crosses represent the data points and the solid lipessent the folded model simultane-
ously fitted to the data of the 3 detectors (left). The opticainterpart has been identified as a Seyfert 2 lying at a iftdsh 0.207.
We clearly observe the [Oll1] lines around 6000 A (right).iF s source #53 in Table 4.

ing mild absorption y=2.5x10?* cm2) with T fixed to 1.9.
This is source #53 in Table 4, which lists the X-ray and optica
properties of all the 99 X-ray sources. We have found 25 such
cases amongst our sample.

We have compared the distribution of the photon index, for 1
the unabsorbed X-ray sources which are type 1, and type 2 (Fig  + 1
[9). The distribution of the photon index for the type 2 is dign 10 i
cantly lower than the one for the type 1. The distributiontfor
type 2 is peaking arounid ~ 1.9.

As can be seen in Fig. L0, the vast majority of these dis=
crepant objects (filled squares; 84%) are lying below 0.5.

However they span a broad range of X-ray luminosities, from | -
Lo 10=10"erg s to almostL,_10=5 10*3 erg s*. 5 ‘

As a comparison, only 11% of the type | X-ray sourceswhich ——
are presenting broad emission lines (empty squares) arg lyi L
belowz = 0.5, which is significantly less than for the type 2. This
result is partially due to optical selectioffects, as we did not
identify many type 2 AGN at high redshiftz & 1). However, ‘
it also means that unabsorbed X-ray bright AGN are less often °© 15
found as the redshiftdecreases. r

For sources with_,_1o < 10* erg s?, the presence of an
AGN is no longer certain. Actually these lower luminosityxy  Fig. 9. Distribution of the photon index for type | X-ray sources
sources could be powered by very active star formation gadaxwhich are classified as type 1 (solid histogram) and as type 2
instead. In these objects, the X-rays may be partially dubeo (long dashed histogram).
emission of X-ray binaries, supernovae, amdo optically thin
thermal emission from hot interstellar gas within the hadagy.

There are only 3 typéetype 2 sources (namely sources #13, #55

and #63) with X-ray luminosity below #erg s. One of them central 1 de§area of the VVDS area. For these three starburst
(source #63) is embedded in a galaxy cluster detected in thecandidates, only one (source #63) has a radio counterpaudy1
rays, and so the fierence in classification for the X-ray and thet 1.4 GHz). We infer a radio luminosity; 41, = 1.65x10? erg
optical might be due to the soft emission from the clusteictvh s Hz™* from its redshiftz = 0.054. With an X-ray luminosity
has a temperature around 0.6 keV (see Pierre et al. 2006eThef Lo-10 ~ 2 x 10* erg s?, it does not follow the linear rela-

3 X-ray sources withL,_19 < 10*? erg s* have an X-rajoptical tion from Ranalli et al. (2003) (i.e its X-ray luminosity ibaut
flux ratio well below 0.1, as can be seen in Figl 11 (the thré&etimes higher than inferred from its radio luminosity, whis
filled squares). So a priori, they are more likely starbutisé;m much larger than expected for star-forming galaxies, stipp
AGN (Fiore et al. 2003). the assumption that this source is an AGN). Using Fig. 13 of

Ranalli et al. (2003) have presented tight linear relatioflletta et al. (2007), source #63 is neither on the staniiug
between the X-ray, radio and infrared luminosities of a welgalaxies nor on the radio-quiet correlations. It will be whan
defined sample of star-forming galaxies. We have used their Bect. 5.1.2 that this X-ray source is in fact a Seyfert 2, thase
lations in order to test the starburst hypothesis. We thaskéd €emission line ratios in its optical spectrum.
for radio emission using the radio catalogs from Cohen et al. Source #13 has the lowest X-ray luminosity of our sample
(2003) and the one from Bondi et al. (2003), which is lyingia t (L»_10~10% erg s?), along with a very low X-rayoptical flux

N
|
|
|
|
|
|
2
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For the remaining 22 objects with,_10>10% erg s, the
starburst hypothesis is no longer valid, as the presence of a
" i AGN is unambiguous. These 22 X-ray sources are thus likely
AGN dominated objects. Furthermore /20 (only 2022 have
an R magnitude) have an X-rgyptical flux ratio between 0.1
and 10 (Fig[Ii), which are typical values for AGN (Fiore et al
2003). Note that source #44 is also embedded in a galaxy clus-
ter and is actually the cD galaxy of the cluster. For this seur
the mismatched classification between the X-ray and thealpti
might also be due to additional soft emission from the galaxy
cluster, its temperature being around 2 keV (Pierre et &1620

Moran et al. (2002) have obtained integrated (i.e. nu-
cleus+-host galaxy) optical spectra of a sample of nearby Seyfert
2 galaxies absorbed in the X-rays band. They find that, due to
the limitations of optical spectroscopic observationg;ay-ab-
sorbed and optically type 2 AGN could be easily undetected in
the optical band. They suggested that host galaxy dilusoa i
possible explanation for the lack of AGN lines in their saeng
AGN optical spectra.

46

log L, ,, (erg s71)

More recently, Severgnini et al. (2003) and Silverman et al.

Fig. 10.2-10 keV intrinsic rest-frame luminosities as a functiogoo‘r’) found a significant number of unabsorbed X-ray saurce

of redshift for our sample of X-ray sources. Squares areyX-r
sources classified as type | while triangles are those @il sis

at only present narrow emission lines in their opticalcsze

hey argued that it could also be attributed to dilution af th
AGN emission by the host galaxy light. In other words, in thes
the optical classifications do not match. The solid line mghg ~CN. the nuclear component will be outshone by the optical
the 2-10 keV luminosity as a function of redshift for a 2-1@ke /9t of the host galaxy.

limiting flux of 8x10" > erg s* cm2. Page et al. (2006a) tested this hypothesis and found that for
more than half of their obscured AGN in the optical, the nu-
clear component is indeed outshone by the host galaxy by fac-
tors of 3-10. And so they claim that the lack of broad optical
emission lines could be due to the low contrast of the enmissio
lines against the much stronger starlight component of tst h

IOO T 1T T L ‘
R=23

T T T
Lot

R=21-"

trend is not very significant: a K-S test has shown that the X-
ray/optical flux ratio of these 22 AGN is consistent with the one

10 R - e ] galaxy.
P . e o] Concerning our 22 AGN, the dilution hypothesis is possible
r e o ] but not absolutely certain. As it can be seen in Fig. 11, there
1 e ;D . 2 . . is a small trend for these objects (filled squares) to havh bot
B B e g N a brighter optical magnitude and a lower X-faptical flux ra-
N FLl g IR TR e ] tio than the unabsorbed sources which are type 1 AGN (open
z o B T e ”: R ’ squares), thus supporting the dilution hypothesis. Howthis

- which are type 1 AGNR ~ 0.4), and that their opticaR mag-

001 = . 2 nitude is barely significantly brighter than for the type 1 RG

(P ~ 0.07). Therefore, this diagram alone, is not enough to argue
in favor of the dilution hypothesis to account for their difisa-

tion mismatch.

T

Oool L L1 ‘ L L L1 ‘
1071 107® In order to test dilution gects in further details, we com-

Fotp (erg em™ s7) puted the X-ray to optical ratio (2-10 keV band Rsband) as
. . . a function of the unabsorbed, intrinsic 2-10 keV luminosity
Fig. 11. X-ray to optical ratio (2-10 keV band B band) as a g,ggested by Fiore et al. (2003) and Eckart et al. (2006 Thi

function of X-ray flux for the 94 X-ray sources in our sample f0;¢ ajon s investigated in Fig112, which is restricted taices
which anR band magnitude is available. Diagonal dotted lin€giin ; « 0.8 because at > 0.8. theR band no longer covers

indicate loci of constariR magnitude while horizontal solid lines y,o ' main part of the stellar component longward of the Balmer
mark the bouno!ary.llnes of the region of canonical AGN. Thg.o (emptyfilled squares). However, we also show the un-
symbol convention is the same as for figl 10. absorbed type 1 X-ray sources lying at> 0.8 (stars) as a

matter of comparison. We performed a linear fit to those ob-

jects that lack broad emission lines in their optical spe(ftied
ratio, typical of star-forming galaxies. Thus this X-rayusce is squares) havind,_1o > 10*° erg s'. We obtain a correlation
more likely a starburst. with (y2 = 0.09) using they? test. We have then compared this

Source #55 has an X-ray luminoslty 1o ~ 9x10* ergs?, value to the/? value obtained if the data are fitted by a constant

which is pretty close to the AGN threshold. So it could begith (y2 = 0.29). We then performed an F-test and this test showed
an AGN, or a star-forming galaxy. that the linear fit is statistically a better descriptionrttzacon-
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approximately constant as the X-ray luminosity of the AGN is
increasing.

This is the reason why the X-ray unabsorbed type 1 do not
show the correlation and are clustered at an X-ray lumiposit
which is significantly higher than the one for the X-ray unab-
7 sorbed type 2 AGN. We performed a K-S test in order to test
N the possible dierence in X-ray luminosity for X-ray unabsorbed
8 sources which are either of type 1 or of type 2. The two sub sam-
. ples are highly significantly élierent, the probability that the two
] are drawn from the same population being almost zero. The typ
i 1 objects have a mean X-ray luminosity Ibg(10)=44.28:0.55
and a mean redshift=1.38+0.66, while the type 2 have a mean
X-ray luminosity log(,-10)=42.68:0.83 and a mean redshift
z=0.32+0.23. The unabsorbed X-ray sources which are classi-
fied as type 2 objects are thus both significantly less lungnou
than the type 1 objects and are lying at a significantly smalle
redshift. Therefore the dilution hypothesis might not bedwut
. /) and is, at least statistically, capable to account for tifeince
" s " 6 between the X-ray and the optical classifications for thgges

log L, ,, (erg s-) of X-ray sources. Therefore, the dilution of the AGN light by
the host galaxy is mainly occurring at small redshift, sutipg

Fig. 12. X-ray to optical ratio (2-10 keV band \R band) as a the factthat the intrinsic luminosity of the AGN has sigrafitly
function of the deabsorbed, intrinsic 2-10 keV luminosdythe declined as the redshiftis decreasing. _

type | objects. Some of them are only presenting narrow emfgage et al. (2003) suggested that if the dilution hypotHesliis
sion lines (filled squares). The type | that show broad and-ob¥Ue, it may explain why a large fraction of unabsorbed X-ray
ous emission lines in their optical spectra are divided tato Sources lacking broad emission lines in their optical speamte
categories : those which lie ak 0.8 (empty squares) and thosdying at a low redshift (the majority of our sources of thisidi
atz > 0.8 (stars). The solid line represents the minimyfn are lying atz < 0.5). The characteristic luminosity of AGN has
fit between log(k/Fopt) and logL 1 for our data. The short declined dramatically (by a factor 10) sinze= 2 in both the
dashed line represents the best linear regression for py@he ~ X-ray (Page et al. 1997) and in the optical (Boyle et al. 2000)

obtained using the data of Fiore et al. (2003), and the losei So un!ess the host galaxies of AGN have declined in lumiposit
line is from the data of Treister et al. (2005). by a similar amount, the contrast between the AGN and the host

galaxy light will become smaller and smaller as the redsteft

log(F(x)/F(R))

] o _ creases. The trend that more luminous AGN peak at an earlier
stant at a highly significant leveP(~ 5.7 x 10°"). The best-fit era, while the less luminous ones arise later, known as @osmi
parameters obtained for the linear fit are given by down-sizing, has also been reported by other authors (see e.

fy Eckart et al. 2006; Akylas et al. 2006).
0L = 0.747¢:0.105)x log(; ) - 3248(:4.48) 4)
op

. o . i 5.1.2. Line ratio diagrams
whereLy is the intrinsic X-ray luminosity expressed in erg
sl and% is the X-ray to optical flux ratio. This correlation iSIn order to better understand the nature of the unabsorbed X-

ray sources, which are only showing narrow emission lines in
shown by the solid line in Fig.12. The objects that lack broatieir optical spectra (type | X-ray sources which are type 2)
emission lines in their optical spectra (filled squares})tshow a we have used a refined classification based on the optical spec
correlation between |09%) and log(,_10), which is expected tra. This is based on the diagnostic diagrams of Lamareille e
) ) i t ) al. (2004), who use blue emission lines ([OR3727, [OIII]

if the optical light comes predominantly from the host g&lax,5007 and I8) to discriminate star forming galaxies and Hil
as opposed to emission from the AGN. Fiore et al. (2003), Whggions from AGN among intermediate-redshit 0.3) ob-
found a similar correlation, argue that the observed cali®l jqcis. This constitutes an improvement compared to theraliag
for the type 2 AGN indicates that the optical lightis largebm- ot iilleux & Osterbrock (1987) who only used [OI5007/Hg3
ma_lted by the host galaxy, due to obs_curanon. A similareorr, g [NI1]16583/Ha, since these two line ratios are onlfieient
lation has also been reported by Treister et al. (2005).ddde 5; yery Jow redshiftsZ < 0.2). Note that very recently, Kewley et
as the X-ray luminosity is mainly coming from the AGN, fory (2006) have obtained a refined optical classificatiowben
low luminosity AGN, thefmore luminous the AGN is in the X'pure star forming galaxies, composite galaxies (star fogmé-
rays, the larger the rati?oLpt' Note that this observed correla-gion+AGN), LINERs and Seyferts. Their refined classification
: : ; S is based on three diagnostic diagrams, namely [@8007/Hp

tion could be either due to obscuration within the AGN, or t§s INII] 16583 Ha: [OlI] 15007/HB vs [SI|A6717/Ha and

dilution by the host galaxy light. However, as it will be shoin X
Sect. (5.1.2), dilutionféects are more likely than obscuration, ak2!!! 45007/Hp vs [O1]16300/Ha. However, these diagrams
are only dficient at very low redshifts, as the initial diagram

most of the optical spectra are representative of the hdakga f Veilleux & Osterbrock (1987). We ran the taskslot in the

However, when the AGN is getting much more luminous, its o RAF packageonedspec to compute the line ratios. We used
tical light is not diluted anymore by the host galaxy. So fede e diagrams of both Kewley et al. (2006) and Lamareille et al

Iummous AGN both the optical and the X-.ray <.:ompon.er1ts atg004), whenever possible. Most of the time the &imission
mainly produced by the AGN. Thus the raqé%t ISTreémaining  jine was not present because of the spectral coverage asd thu
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L e Fig. 13. Diagnostic diagrams based on
1 line ratios for our subsample of narrow
] line AGN with no absorption in the X-
] rays (filled squares) and with absorp-
tion in the X-rays (empty triangles). 6
] of them for which the 4 emission line
8 has been observed, are plotted on the
| left panel and the other ones are plotted
1 on the right panel. The solid lines from
N Kewley et al. (2006) (left) and from
1 Lamareille et al. (2004) (right) indi-
cate the separation between star form-
B ing galaxies and AGN, the star form-
i ing galaxies being below the line and
H 1 AGN (SeyfertLINER) above. The er-
I BRI S e ror bars have been estimated assuming

-1 —08 o 08 —08 0 05 ! 15 a 5% uncertainty for the derived inten-
log([NII]\6583/Ha) log([O]A3727/HB) sities

<
@

log([OLII]A5007 /HB)
Q

|
log([OIII]A5007 /HR)

-0.5

we mainly used the line ratios suggested by Lamareille et al. Typel2 | Typell2 | N

) SFgx | 16 5 21
(2004): [O11] A5007/HB vs [OII] A3727/HB. &3 A 2 21

Fig.[1I3 gathers the line ratios for narrow line AGN present- ol G 2 1 3
ing both unabsorbed X-ray spectra (filled squares) and bbdor| Undef 2 2 4
X-ray spectra (empty triangles). More specifically, amdreg22 N 25 13 38

X-ray sources upon which we test the dilution hypothesis{(22 rpe 3. Refined classification of the type 2 sources (both type |

ray sources out of 25 have, 10>10"2 erg s), 15 (68%) are anq type I1), which is based on the emission line ratios caegpu
pure star forming galaxies, 4 (18%) are Seyfert 2, 1 is an abgm their optical spectra.

sorption line galaxy (ALG, 5%) and 2 (9%) are undefined (be-

cause of the lack of slicient spectral features to compute line

ratios). We have therefore shown that most of the opticatspe

tra for these kinds of sources are more representative kdrste

processes in the host galaxy rather than due to the AGN, which

constitutes one more argument in favor of the dilution hizgpottimated. One way to test the Compton thick nature of this AGN
esis. However, we have also found 4 Seyfert 2 which are unateuld be to plot the equivalent width of the Fe line against th
sorbed in the X-rays. Unabsorbed Seyfert 2 have already beefiX _ ratio (See Fig. 1 of Bassani et al. 1999). Unfortunately,
found in other samples as the one of Panessa & Bassani (2005Q!11] _

They claim that these unabsorbed Seyfert 2 might be weak AG¥¢ have not been able to compéigy)|] , as our optical spectra

in which the broad line region (BLR) is non-standard (venawe are only calibrated in relative fluxes. Thus, out of the 3tsiest

or fading away) or in which the BLR does not exist at all. Thisandidates, only 1 is a starburst galaxy. Of course, theeaov
scenario is more likely applicable to low luminosity AGN whe unabsorbed Seyfert 2 could also be Compton thick candidates
the brightness of the active nucleus may be ffisient to pho- However, as no Fe line have been detected in their X-ray spec-
toionize the BLR. These 4 Seyfert 2 (i.e #9, #53, #56 and #8%3, this hypothesis is much less probable to take into agcou
havel,_10~10*® erg s* and therefore are not considered as lo#heir nature.

luminosity AGN. Finally, we have computed the line ratios for the absorbed

Next, we also computed the line ratios to investigate in fuf-ray sources which are only presenting narrow emissioeslin
ther details the nature of the 3 starburst candidates, siscLat N their optical spectra (type Il X-ray sources which areety).
the beginning of Section 5.1. We have found that source #13}§ ¢an be seen in Table 2, there are 13 such sources. 5 of them
a pure star forming galaxy. Its optical spectrum is domiadte (38%) are Seyfert 2. Fig. 13 shows onl§3n the AGN region
the photospheric emission of very hot stars. Thus its X-raige Of the diagrams. However, there are also two (empty triag)gle
sion could likely be due to the combination of hot gas from sglightly below the dividing line (thus in the star forminglagy
pernovae and high mass X-ray binaries in a star-formingcyalaegion) that have been classified as Seyfert 2 anyway, becaus
Source #55 has been classified as an absorption line gal&@the presence in their optical spectra of the emission dihe
which is not consistent with the starburst hypothesis. Angst [Nelll] 13869, which is a line typical of AGN. 1 is an absorption
this X-ray source is more likely a LLAGN which is heavily di-line galaxy (8%), 5 are pure star forming galaxies (38%), 2nd
luted by the light of its host galaxy. Finally, source #63 hagn are unidentified (16%). Note that 1 of the 2 unidentified ofsiec
classified as a Seyfert 2 from its optical line ratios, indtefa 1S @ NELG, and coupled with its X-ray characteristics hasbee
starburst. This X-ray source is thus a low luminosity AGNisim classified as a type Il QSO. So, for a majority of these 13 X-
lar to those detected by Panessa & Bassani (2002), in which tAY sources (43), the optical spectra are AGN-like, rather than
BLR might be very weak or fading away. On the other hand, ti§gsembling the one of the host galaxy. Therefore the abdorbe
source #63 could also be a good Compton thick candidate,Xz§2y sources which are only presenting narrow emissioeslin
a Fe emission line has been detected in its X-ray spectrum kg truly hidden AGN.
this case, we only observe the indirect reflected componfent o Table 3 shows an overview of the refined classification of
the X-ray emission, and thus both its intrinsic X-ray lunsitgp the obscured X-ray sources, which is based on the emissien li
and hydrogen column density would have been highly undereatios.
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Fig. 14.2dF spectra of two absorbed X-ray sources which only presmnbw emission lines in their optical spectra (upper panel
These are sources #84 and #66 in Table 4, respectively. Tdweyleen classified as star forming galaxies, based on thedliins
inferred from their optical spectra. The lower panel shogvdptical spectra of the corresponding objects, obtainéutive SALT.
Both have been observed with the PG0300 griBn (400). The SALT optical spectra are not flux calibrated.

Finally, Fig.[14 shows two examples of absorbed X-ray - Atz=0.3,
sources which only present narrow emission lines in their op

tical spectra. F '
p host,sln)R 2 5)
FAGN
5.1.3. Testing the dilution hypothesis -Atz=15,

. . . Fhost,sli 1
Until now we have presented several observational argwment(it)p{ ~— (6)
favor of the dilution of the AGN optical light by the host gaja FAGN 400
light. We now develop a simple model in order to investigate . : .
V\?hether dilution &ectg are plgusible or not. In this model,%ve Where_FhOSt,Smls the fraction Of. the hostgalaxy I|ght enter-
consider the contributing optical flux in a”1slit from the host N9 the slit andFag is the AGN light entering the slit. Note
galaxy and, first, from X-ray unabsorbed AGN only presenti at other previous works ha\_/e claimed that the host gadafie
narrow emission lineslb_1o ~ 5x 10% erg s*; z ~ 0.3) and GN were about 2.5 mag brighter at~ 2 than those of Iow—_
from X-ray unabsorbed AGN presenting broad emission lin€8dshift AGN (see e.g. Aretxaga et al. 1998). But even taking
(Lr-10 ~ 2 x 10% erg s z ~ 1.5). In order to convert X-ray th|s into account, the AGN at ~ 1.5 would still be aboqt 40

times brighter than their host galaxies, thus preventifgidn

effects.
model the host galaxy witMr = —-22. (R ~ 19 forz ~ 0.3) and Thus for the above AGN arourm= 0.3, the flux of the host
with a physical size of 30 kpc. Finally, we apply the corresibo galaxy entering into the slit is about twice as large as the op
ing k-correction for a typical elliptical galaxy (Colemana. cal flux of the AGN. On the other hand, for high redshift AGN
1980), and we use the galaxy profile of Burkert et al. (1993) {z = 1.5), the optical flux of the AGN is totally overwhelming
order to estimate the fraction of the total optical flux of thast  the optical flux of the host galaxy and dilutiofifects can not oc-
galaxy which enters the slit. Making the reasonable assomptcur anymore. Even if crude, this model allows us to confirnt tha
that the typical absolute magnitude of the host galaxy oforaddilution can definitely be present in low luminosity and losdr
quiet AGN is similar az = 0.3 and atz = 1.5, (Kukula et al. shift AGN, if host galaxy properties do not evolve signifidgn
2001, Fig. 7), we derive the following values: with the redshift.

flux into optical flux, we take a typical rati?cf)x_m = 1. Next, we
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Fig.15. MOS1 MOS2 (the two lower functions) and pn (upper one) X-rpgctra of a source which is showing strong X-ray
absorption witi\}'=4 1072 cm. The crosses represent the data points and the solid lineset the folded model simultaneously
fitted to the data of the 3 detectors (left). The optical ceypdrt has been identified as a BLAGN lying at a redshift2.66 (right).
This is source #20 in Table 4.

As a conclusion, in this section, we have shown that dilu- Such anomalous objects have already been observed by sev-
tion effects can very possibly explain theffdgrence between eral authors (e.g Perola et al. 2004; Eckart et al. 2006)y The
the X-ray and the optical classifications of a great majooity respectively find that around 5% and 15% of the X-ray sources
these 25 X-ray sources. Among these 25 X-ray sources, we haveheir respective sample are X-ray absorbed sources which
also found 5 Seyfert 2 (4 with,_10>10% erg s, and 1 with present broad emission lines in their optical spectra. Bugse
Lo_10<10% erg s1) which do not present strong X-ray absorpvalues bracket the fraction that we have found, which is iadou
tion in their X-ray spectra. 7%. Interestingly, these two studies also find that thesayab-

Therefore, apart from these 5 X-ray unabsorbed SeyfertS®2rbed sources with broad emission lines in their opticetsp
the dilution hypothesis works, without any need to alterstam- are high luminosity AGN lying at high redshift (typicalty> 1).
dard orientation-based AGN unified scheme. So it seems that high luminosity and high redshift are common

properties of these peculiar objects.

_ o _ _ Several interpretations have been suggested in order to ex-
5.2. Absorbed AGN showing broad emission lines in their plain their nature. Maiolino et al. (2001a) have presentsa-
optical spectra ple of 19 nearby AGN whose X-ray spectra show evidence for

_ ) _ cold absorption and no hint of obscuration in the opticahftee
Fig.[13 illustrates a representative example of an absoti@y ¢ |5ssjfied as type 1). They concluded that § ratio is sys-
source with bright and obvious broad emission lines in itscap . . "H
spectrum and so with no hint of obscuration in the opticalsThtematically much lower than the Galactic standard valuea In

is source #20 in Table 4. We have found 7 such X-ray source$0mpanion paper, Maiolino et al. (2001b) suggest that adisst

These 7 X-ray sources are only found in the high Iuminog_lbunon dominated by large grains in the obscuring tormslid

ity regime of AGN (,_15>6x10% erg s1), 4 of them having explain the Iow% values obtained. They claim that the forma-
an Ly typical of QSOs. Because of their high X-ray luminositytion of large grains is naturally expected in the high deresitvi-
dilution effects are totally ruled out to account for their natureonment characterizing the circumnuclear region of AGNegéh
Therefore these 7 objects are not consistent with the stdndirge grains make the extinction curve flatter than the gialac
orientation-based unified scheme. They span a broad rang@me and thus for a giveNy a reduced extinction and reddening
redshift ¢=[0.4-3.6]), most of them being high redshift AGN. are observed, compared to the galactic standard.

In Fig. [13, these 7 sources (filled triangles) have X- Alternatively, Weingartner & Murray (2002) propose a
ray/optical ratios typical of AGN which are both unabsorbecdhodel to explain these absorbed AGN presenting broad and ob-
in the X-rays and which present broad emission lines in theiious emission lines in their optical spectra. They shovt tha
optical spectra (empty squares). In order to investigateith large grain hypothesis in the obscuring torus is not needed i
further details, we have compared the average X-ray luntynosorder to explain most of the sample of Maiolino et al. (2001a)
of these absorbed AGN being type 1 with the one of the unathey suggest that the material that absorbs the X-rays is-pro
sorbed AGN, also being type 1. The average X-ray luminasitiably unrelated to the material that absorbs the optidehred
are logL,_10=44.59:0.56 and loglL,_10=44.28:0.55, respec- radiation and that the torus is probably not probed by the ob-
tively, which turns out to be quite similar. We also compatesl servations of Maiolino et al. (2001a). They suggest thatittee
average spectroscopic redshifts for these 2 classes. Veénobof sight of the sample of Maiolino et al. (2001a) passes thhou
z = 1.93 andz = 1.38, respectively, both representative of higionized material located justicthe torus angr accretion disk.
redshift AGN. The above 2 classes of objects have on avelnageThis material is responsible for the X-ray absorption, @lhiie
same intrinsic X-ray luminosity and redshift, and are bgihd opticajinfrared extinction occurs in material farther from the nu-
in the high luminosityhigh redshift regime. These two types otleus, where the dust may be quite similar to galactic dust. T
objects thus seem to belong to the same AGN population.  X-ray-absorbing material may be dust-free or may contaipea
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grains that have very small extinctiofffieiencies in the opti- by the QSO. This wind could be the mechanism by which the
calinfrared. This material may be associated with a disk win@SO terminates the star formation in the host galaxy, and end
which would originate within the dust sublimation radiusd€s the supply of accretion material, to produce the presenbtiak
Murray et al. 1995). In this case, the dust will sublimate #red hole/'spheroid mass ratio.
obscuratiofextinction in the optical will be much reduced, even Therefore they suggest that the absorbed and unabsorbed
if there is a strong absorption in the X-rays, produced by ttf@SOs represent filerent stages in an evolutionary sequence, in
ionized gas. Note that according to this model, the optigats which the absorbed QSOs represent the earlier phase. They es
tra of this type of sources should also present broad alisarpttimate that the absorbed phase typically lasts only aro&8d 1
lines, and thus be classified as BAL QSOs, because of the winfdhe unabsorbed phase. In our sample, we have found 61 type
outflow. 1 AGN. 7 of them are presenting strong X-ray absorption. So
Recent works suggest that BAL QSOs (which are high ldhese objects represent about 11% of the type 1 AGN. This is
minosity AGN with broad absorption and emission lines iritheconsistent (within 1) with the value predicted by Page et al.
optical spectra) are weak soft X-ray sources, the X-ray wes& (2004). However, we would need to detect many more objects of
being attributed to absorption rather than being intriiBiandt this kind in order to better understand their nature andgbite
et al. 2000; Punsly 2006). Thus most of the BAL QSOs cdurther details the above model.
also be classified as X-ray absorbed sources which pressad br ~ We finally compared the X-ray luminosity and redshift for
emission lines in their optical spectra. Therefore, it mpéing the X-ray absorbed AGN classified as type 1 (with broad emis-
to suggest that these QSOs (which are optically selectedar sion lines in their optical spectra) and type 2 (only withroar
tually the same population of objects than the X-ray absbrbemission lines in their optical spectra). The mean X-rayifum
type 1 AGN, detected in X-ray surveys. nosities are lod-,_10=44.59-0.56 and loglL,_10=42.89-0.69,
However, generally, only up to a few percent of the X-ray alsespectively. Concerning the redshifts, the correspandiean
sorbed sources with broad emission lines are identified #d.a Bvalues are = 1.93 andz = 0.317, respectively. So, when com-
QSO: none of our 7 X-ray sources have an optical spectrum c@aring these two classes, we notice that théiedsignificantly,
sistent with a BAL QSO spectrum. Similarly, Perola et al.q2p both in redshift and luminosity: the absorbed AGN presentin
do not report any BAL QSOs among the X-ray absorbed typebtoad emission lines in their optical spectra are both move |
AGN from their sample. Finally, Eckart el al. (2006) find thatinous in the X-rays and lying at a significantly higher rattsh
only 14% of these sources are BAL QSOs. Thus generally, thekan the ones only presenting narrow emission lines in thyir
two types of AGN do not seem to belong to the same AGN poptieal spectra.
lations. Indeed, Risaliti et al. (2001) have shown that @rfisac- As a conclusion, we have confirmed the existence of a pop-
tion of the absorbed X-ray sources with broad emission Jides ulation of AGN which are classified as type Il in the X-rays and
tected in X-ray surveys, could also actually be classifieBAds as type 1 in the optical. This population could actually bea¥-
QSOs, with the latter constituting the tail of the populatmf unabsorbed type 1 X-ray sources, intrinsically (eithey e at
X-ray weak quasars. However, note that, as BAL occur maindydifferent evolutionary stage, or their dust is sublimatedgeeith
in the UV, blueward of the CIV emission line, the spectral-coway, we can not rule out the presence of an intrinsic type 1 QSO
erage of the optical spectra does only allow the observationsurrounded by a torus).
the broad CIV absorption line for high z AGN (typicalty> 1.6
for the blue part of the spectrum starting at 4000 A). Morepve i , i
the broad absorption lines could befiiult to detect due to the 8- X-ray bright optically normal galaxies (XBONG)

moderate level of extinction and generally require higalg The existence of an intriguing population of galaxies withay
to-noise ratio optical spectra. Thus the fact that X-rayoasd ,roperties suggesting the presence of an AGN, but withoyt an
type 1 AGN and BAL QSOs have common properties is not tgpyious sign of activity in their optical spectra, has beaown
tally ruled out. _ . for more than 20 years (e.g. Elvis et al. 1981; fi@hs et al.
One way to choose between the large grain hypothesis aghs: Severgnini et al. 2003). The nature of this kind of sesr
the low dust-to-gas ratio would be to fit the X-ray spectra g far from being understood. Bérent scenarios have been pro-
the 7 objects with models including gas being highly 'On'Z?Fiosed so far: a) the AGN is a BL Lac object; b) the nucleus ac-
and check if they fit better the X-ray spectra than a model Wilyity is outshone by the stellar continuum of the host gyilées
neutral gas. Unfortunately, we have notbeen able to tés @ur shown by Severgnini et al. 2003); ¢) the emission lines cbeld
X-ray spectra do not have a signal to noise ratio high enoughapsorhed by material beyond the NLR. Most of these optically
Alternatively, these 7 X-ray sources could be at fielent qy|| galaxies seem to be absorbed in the X-rays (Mainierl.et a
evolutionary stage : the fact that the absorbed AGN presgnti>002). Comastri et al. (2003) have recently shown that tke di
broad emission lines in their optical spectra are only farttle  ripytion of X-ray-to-optical flux ratio of XBONG sources cil
high luminosityredshift regime of the AGN is consistent withpe \e|l reproduced assuming that the underlying SED of the pu
the scenario suggested by Page et al. (2004). They havevelisefative AGN is that of an X-ray Compton-thick AGN.
8 absorbed AGN presenting broad emission lines in theicabti |5 our sample of X-ray sources/9 have been classified
spectra in the submillimeter domain with SCUBA and showegk ahsorption line galaxies (See Figl 16). The X-ray préggert
that these QSOs are characterized by a much stronger subgyhhese 3 X-ray sources suggest the presence of AGN activity
limeter luminosity compared to a sample of 20 unabsorbed AGNhey have an intrinsic luminosity,_10>9x10* erg s, two
presenting broad emission lines in their optical spectraeyT L FX o :
claim that this can be understood as an isotropic signafure-o of them havmg?pt > 0.1, similar to typical values of lu-
pious star formation, with the QSO being embedded in thealemainous AGN (Fiore et al. 2003). So these 3 X-ray sources are
interstellar media of their forming host spheroids. Thigswout good XBONG candidates. Two of them (source #44 and source
orientation &ects as the cause of the absorption. Very recent§§55) are unabsorbed in the X-rays. Dilutioffieets could be re-
Page et al. (2006b) have suggested that the X-ray absowdtiorsponsible for the lack of emission lines in the optical speof
these objects is most likely due to a dense ionized wind drivéhese two X-ray sources, as they lie on the relation givengpy e
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3 A large fraction of our X-ray sources (about 95%) have been
identified as AGN. We have analyzed their optical classifica-
tion by measuring the FWHM of the emission lines present in
their optical spectra. In particular we have divided theay-r
sources in 61 type 1 AGN (BLAGN) and 38 type 2 AGN (35
NELGs+3 ALGs). Next we have fitted the X-ray spectra of these
sources and inferred their hydrogen column density. Painge
this way, we have found 79 type | X-ray sourcé§{ < 10?
cm?) and 20 type Il X-ray sources\{l' > 10?2 cm™2). The
X-ray and the optical properties have been analyzed and inte
compared. The main results of our work can be summarized as
follows :
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— We have shown that there is at most a mild correlation be-
tween the X-ray and the optical classifications, 32 X-ray
sources out of 99 having fiierent X-ray and optical prop-
erties. Then we have shown that this discrepancy is not a
function of the X-ray flux and luminosity. These results a&gre
with several other published studies.

— We have gathered several pieces of evidence in favor of dilu-
tion effects, where the AGN lightis overshone by a luminous
host galaxy, for a vast majority of the 25 unabsorbed X-ray
sources which only present narrow emission lines in their op
tical spectra. This is a nice confirmation of previously pub-
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Fig.16. The 3 XBONG candidates. Each of these 3 XBONG
lacks emission lines, except for [Oll] in source #72. Thigrse
presents strong absorption in the X-rap(=3.86x10°% cm™2).

(4). Finally, source #72 presents strong absorption in trays

(N> 1072 cm2 at the 95% confidence level). For this source,
strong absorption along with some dilutioffiexts could explain
why this source lacks AGN features in its optical spectrumh an
is thus classified as XBONG.

These 3 X-ray sources have similar properties to some

XBONG that are emerging from fierent X-ray surveys (e.g.
Severgnini et al. 2003), although a closer look at their spec
based on high resolution data @don a better spectral cov-

erage might reveal their real AGN nature. The finding of these
3 XBONG candidates clearly shows that optical spectroscopy

sometimes can be ifficient in revealing the presence of an

AGN, which instead becomes obvious from an X-ray spectro-

scopic investigation.

7. Type Il QSO candidates

In this work, we have discovered 6 X-ray sources wifff>10%2
cm2 andL,_10>10* erg s*. However, 5 of these sources have
type 1 optical spectra (e.g. with broad emission lines). fidhe
maining object (source #42), classified as a type 2 QSO frem it
optical spectrum, is therefore the only genuine type Il Q€O d

lished results (e.g Severgnini et al. 2003, Silverman et al.
2005). We have also found 5 Seyfert 2 which do not present
a strong absorption in the X-rays. Only 1 of them is a good
Compton thick AGN candidate.

We have reported 7 absorbed X-ray sources which present
broad emission lines in their optical spectra. This corre-
sponds to 7% of the whole sample and to 11% of the type
1 AGN. These objects, which are highly luminous AGN
(mostly QSOs) and lie at large redshifts, have similar X-
ray luminosity and redshift as the unabsorbed X-ray sources
which present broad emission lines in their optical spectra
The diference between the X-ray and the optical classifica-
tions of these 7 X-ray sources could easily be accounted for
if the gas responsible for the X-ray absorption is highly-ion
ized, instead of being neutral, in which case the accompany-
ing dust would sublimate to yield a much smaller dust-to-gas
ratio, resulting in a reduced optical extinction and redadgn
However, our X-ray spectra do not have a signal to noise ra-
tio high enough to distinguish ionized gas model from neu-
tral gas models. Moreover, part of these sources could be
BAL QSOs. From this perspective, it seems plausible that

tected amongst our sample of 99 X-ray sources. This object is the obscuring material in these sources hégrint compo-

lying at a rather high redshifz(~ 1).

sition than typical Seyferts (e.g. either a very low dust:ga

Recently, a connection between Extremely Red Objects 1atio, or a dust-free wind). _
(EROs) and type Il QSOs has been suggested (see e.g. GandhPur study, which has been done in parallel to the work of

et al. 2004, Severgnini et al. 2005). The UKID&Sand mag-
nitude of our type 2 QSO candidateks ~ 17.2 and its color
R - K is equal to 4.6. It is thus very close to tRe— K > 5

Tajer et al. (2007), has allowed us to confirm their main re-
sults, but using a safer procedure as we utilized spectpisco
redshifts along with secure spectroscopic identifications

threshold adopted to define the population of EROs. Note that Stead of photometric redshifts obtained by fitting photomet
this type Il QSO candidate has independently been reposted b "€ data points with SED templates. Moreover, our study cov-

Tajer et al. (2007) in fitting photometric data points witlvesel
SED templates. We confirm here the nature of this source.

8. Summary and conclusions

ers a much larger area.

We have found 1 genuine type Il QSO candidate amongst
our X-ray sample. Note that we have also identified 5 X-ray
absorbed QSOs which are not obscured in the optical.

As a conclusion, most of the discrepancy between the X-rdy an

We have presented and characterized a sample of 99 X-raly pdtie optical classifications comes from the fact that typetitap
sources for which we have secure identification and spectsmurces are more likely to be unabsorbed than absorbed in the
scopic redshift. These 99 X-ray sources have been selatteirays. We have shown that the vast majority of these type 2
the [2-10] keV band with at least 80 counts in the [0.5-10] kegptical sources which are unabsorbed in the X-rays fiected

band, from a sample of 612 X-ray sources.

by dilution dfects, which do not require any modification of the
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standard orientation-based AGN unification scheme. Thigs thGandhi, P., & Fabian, A.C. 2003, MNRAS, 339, 1095
AGN unification scheme still holds for about 88% of the X-ray Gandhi, P., Crawford, C.S., Fabian, A.C., et al. 2004, MNR248, 529
sources in our sample, as their predictions are not met fiyr on&andhi, P., Garcet, O., Disseau, L. etal. 2006, A&A, 457, 393

. Gavignaud, I., Bongiorno, A., Paltani, S., et al. 2006, A&5&,7, 79
12/99 of the X-ray sources. Note that the discrepancy betwee@ehrgels N.. 1986 %pj 303 336

the absorption properties in the X-rays and in the oplidithat  Giacconi, R., Zirm, A., Wang, J., et al. 2002, ApJS, 139, 369
we have found, could as well be a natural consequence of tilli, R., Comastri, A., Hasinger, G., 2007, A&A, 463, 79
clumpy nature of the absorbing medium, as suggested byElitz Griffiths, R.E., Georgantopoulos, |., Boyle, B.J., et al. 1995 RAS, 275, 77

. L 4 Hickox, R.C., & Markevitch, M. 2006, ApJ, 645, 95
(2006): the torus could be made of individual clouds, wita th Kewley, L.J.. Groves, B., Kaimann, G., et al. 2006, MNRAS, 372, 961

"X-ray torus” being diferent from the "dusty torus”, instead of kukula, M.J., Dunlop, J.S., McLure, R.J., et al. 2001, MNR/S6, 1533
a continuous absorbing medium with sharp edges. Lamareille, F., Mouhcine, M., Contini, T., et al. 2004, MNBA350, 396

As shown at the beginning of the paper, we are biased againgtwrence, A., Warren, S.J., Almaini, O., et al. 2007, MNRR39, 1599
faint optical counterpartsR > 22). It would thus be very inter- € Févre, O., Mellier, Y., McCracken, H.J., et al. 2004, A&#L7, 839

. . . . Le Fevre, O., Vettolani, G., Garilli, B., et al. 2005, A&A39, 845
esting to extend our work to S|gn|f|cantly_fa|nter opticalioter- | gnsdale. C.J., Smith, H.E., Rowan-Robinson. M., et al 26@SP, 115, 897
parts in order to check whether the fraction of X-ray soufoes Mainieri, V., Bergeron, J., Hasinger, G., et al. 2002, A&833 425
which the X-ray and the optical classifications do not magch i Mainieri, V., Hasinger, G., Cappelluti, N., et al. 2006, APCOSMOS ac-

still that large. cepted, astro-pR612367
9 Maiolino, R., Marconi, A., Salvati, M., et al. 2001a, A&A, 3628

Maiolino, R., Marconi, A., Oliva, E. 2001b, A&A, 365, 37
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Table 4. Optical properties and best-fit parameters from the X-ra&gspl analysis.

# Name RA DECL HR X-type OPT-type R Fo_10 Model Zepec  lOg LS, Ny r b%
(deg) (deg) (104 cgs) (162cmr?)

1) (2) (3) (4) (5) (6) (7) (8) ) (10) (11) (12) (13) (14) (15)
1 XLSSJ0221002042855.2 02:21:00.11 —428554.93 —0.66 | 2 184 143 PL 0200 4227 (@600 25702 124
2 XLSSJ0222027050944.3 02:22:02.68 ~5:09:44.42 039 | 1 184 2460 PL 0275 43.73 .oaeig;g% 16670 0.61
3 XLSSJ02220820427322 02:22:08.22 ~4:27:3322 059 | 1 184 245 PL 1678 4464 (260 19" -
4 XLSSJ022234.4043707.6 02:22:34.43 —4:37:0852 -042 | 2 196 128 PL 0167 4200 (0BSo% 19 -
5  XLSSJ022244.40433468 02:22:44.40 ~4:33:46.35 051 | 1 179 2176 PL 0760 44.77 0.026 .990% 0.96
6  XLSSJ022247.8043329.1 02:22:47.78 ~4:33:30.26 058 | 1 197 157 PL 1629 4440 (26922 1850% 176
7 XLSSJ022249.30514521 02:22:49.51 ~5:14:52.64 064 | 1 179 602 PL 0313 4334 .(2600H 24208 102
8  XLSSJ022249.6041350.0 02:22:4958 —4:13:52.22 -0.55 | 1 201 143 PL 1566  44.46 .0261%%33 21598 116
9  XLSSJ022253.6042931.3 02:22:53.58 ~4:29:27.93 040 | 2 181 358 PL 0215 4268 mefll 19 10
10  XLSSJ022258.0041840.3 02:22:57.97 ~4:18:40.40 057 |l 2 175 1223  RGA® 0237 4337 3% 19 072
11 XLSSJ022301:9043205.2 02:23:01.93 ~4:32:04.65 -0.29 Il 2 197 097 PL 0616  43.20 .39@%%%@ 19 -
12 XLSSJ0223124050624.9 02:23:12.26 -5:06:25.45 -0.41 | 1 194 130 PL 2206 4465 m7iel 19 -
13 XLSSJ022313:3043102.6 02:23:13.20 —4:31:00.93 -0.35 | 2 156 123 PL 0017 3990 (@60 19 -
14 XLSSJ022317:2044032.4 02:23:17.34 —4:40:33.46 -0.44 | 1 180 362 PL 0842 4396 (@60 134927 120
15 XLSSJ022310.5044732.1 02:23:19.54 —4:47:31.50 -0.40 | 2 186 272 PL 0293 4287 mygggg 18702 100
16 XLSSJ022320.9050629.0 02:23:21.05 -5:06:27.20 -0.42 | 1 197 203 PL 2415 4494 2005 19 -
17  XLSSJ022326.5045706.9 02:23:26.45 —4:57:04.58 -0.32 | 1 205 152 PL 0826 43.68 0026 890 -
18 XLSSJ022327.8040119.0 02:23:27.85 —4:01:19.71 -0.68 | 1 197 180 PL 1922 4473 0026 .oa&lP 148
19 XLSSJ022320.3045453.0 02:23:29.18 —4:54:5312 -0.66 | 1 1906 158 PL 0604 4345 (260% 2260% 073
20  XLSSJ0223300043002.4 02:23:30.08 —4:30:01.38 -0.39 Il 1 200 235 PL 2666 4511 002200 19 -
21 XLSSJ0223332044925.1 02:23:33.14 —4:49:2479 -0.54 | 1 206 115 PL 2302 4465 103098 19 .
22 XLSSJ022337.6044006.3 02:23:37.54 —4:40:06.31 -0.63 | 1 196 053 PL 1743 4423 0026 3% -
23 XLSSJ0223474050551.6 02:23:47.22 -5:05:51.99 -0.51 | 1 194 135 PL 2320 4471 0026 8ald 086
24 XLSSJ0223512042053.8 02:23:51.18 —4:20:54.33 014 |l 2 192 294 PL 0181 4249 33 19 082

—1.424

Column 1 : internal sequence number;

Column 2 : source name, using the convention defined in Pé¢ak (2007);

Column 3 : right ascension of the X-ray source coming fromited-merged catalog from the [0.5-2] and [2-10] keV bandsckvhas been astrometrically corrected (Pierre et al. 2007
Column 4 : declination of the X-ray source coming from thedxamerged catalog from the [0.5-2] and [2-10] keV bands, Wiiias been astrometrically corrected (Pierre et al. 2007);
Column 5 : hardness ratio between the hard (H) [2-10] keV lzanttithe soft (S) [0.5-2] keV band computed using the fornﬂg@;

Column 6 : X-ray classification based on the X-ray spectralyais : Il (Ny> 10?2 cm2) and | (Ny< 10°? cnmr2);

Column 7 : optical classification based on the optical spedt{(FWHM>1500 km s*) and 2 (FWHM<1500 km s?);

Column 8 :R band magnitude from the SuperCosmos Sky Survey or from thB$V

Column 9 : [2-10] keV band flux of the X-ray source derived frtre fitted X-ray model;

Column 10 : best-fit model (PLabsorbed power law; PEBB= absorbed power law plus black body; PROW= absorbed power law plus unabsorbed power laws BA= absorbed power law
plus an additional emission line;

Column 11 : spectroscopic redshift derived from the optpactra;

Column 12 : logarithm of the intrinsic (corrected for abgimp, for both the galactic and the intrinsic column densiggst-frame luminosity in the [2-10] keV band [erd

Column 13 : best-fit hydrogen column density 46m~2] along with its error bar which represents a 90% confidentanal. The value 0.026 corresponds to the galactic valdehas been fixed
for the values without error bars;

Column 14 : best-fit value for the photon indBxalong with its error bars which are for a 90% confidence irgkeivor some objects we fixddto a value of 1.9 which is representative of a type 1
AGN.

Column 15 : statistic which has been used. We present the Yaituhe reduced chi squagé. Otherwise, Cash statistic has been used.

@ The presence of an emission line around 4.0 keV (observetejras required.

b The spectroscopic redshift is tentative.

¢ The presence of an emission line around 0.9 keV (observetkjrés required, but see text.

4 The presence of an emission line at 6.4 keV (source rest fremmsistent with Fe K) is required.

€ The presence of an emission line around 0.7 keV (observetkjrés required, but see text.

f The presence of an emission line at 6.4 keV (source rest frepmsistent with Fe K) is required.



Table 4. Continued.

# Name RA DECL HR X-type OPT-type R Fo_10 Model Zpec  lOg L5, Ny r X2
(deg) (deg) (1072 cgs) (16% cmr?)

(1) (2) (3) (4) (5 (6) (7) (8) 9 (10) (11) (12) (13) (14) (15)
25 XLSS J0223547044818.1 022354.67 —448.1432 067 | 1 76 077 PL 2458 4485 0026 485 086
26 XLSS J022402.0025256.1 02:24:02.02 —2:52:54.03 —0.44 | 2 177 3.96 PL 0102  42.00 0026 51038 -
27  XLSS J022402.5051343.3 02:24:02.59 —5:13:4331 023 |l 2 177 265 RPL 0084 4232  5R45547 . ;
28 XLSS J022410.9050656.7 02:24:10.87 —5:06:54.01 —051 | 1 19.9  1.69 PL 2314 4486 026 9902 162
29  XLSSJ0224137032918.7 02:24:13.72 -3:29:18.73 005 |l 1 176 861 RBB 0429 4379 DISMEE 19 06l
30  XLSSJ022435.8030849.3 02:24:35.86 —3:08:52.05 —0.46 | 1 204 204 PL 1946  44.87 00028 .
31 XLSS J022438.5051150.4 02:24:38.59 —5:11:48.07 -053 Il 1 1 1.38 PL 2283 4471  .360L% . h
32 XLSS J022438.9033305.6 02:24:38.92 —3:33:05.63 —074 | 1 181 276 PL 1676 4481 0026 .189% 118
33 XLSS J0224397042402.2 02:24:39.71 ~4:23:59.07 —047 | 2 198 311 PL 0478 4340 026092 1.78j§é§ 1.05
34 XLSS J0224407043656.8 02:24:40.72 —4:36:57.40 —059 | 1 19.7 086 PL 0904 43.68 0026 42U® .
35  XLSSJ022446.9030344.1 02:24:46.84 —3:03:46.93 —051 | 2 185 473 PL 0301 4313 .260%7 19 ;
36 XLSS J022507.4043406.3 02:25:07.32 ~4:34:04.00 —046 | 2 216 111 PL 0617 4321 0026 7405 .
37  XLSS J022514.4044658.8 02:25:14.30 —4:46:58.52 —0.61 | 1 180 181 PL 1924 4484 0026 2988 108
38 XLSSJ022519.2044714.3 02:25:19.34 —4:4712.91 —047 | 1 209 106 PL 1029  44.49 0026 ozlit .
39 XLSSJ0225214043947.9 02:25:21.11 -4:39:48.98 -012 | 2 188 455 PL 0265 4300 52403 19~ 093
40 XLSS J022521.2032627.1 02:25:21.29 —3:26:28.73 —-0.50 | 1 204 205 PL 1067 4417 0.026 .1@°2 -
41 XLSSJ0225214035210.0 02:25:21.32 —3:52:09.25 —0.42 | 2 174 485 PL 0098 4207 (@690 20108
42 XLSS J022522.0042649.5 02:25:22.91 —4:26:49.05 022 | 2 218 212 PL 1020 4410 349288 19 ;
43 XLSS J022524.5025829.2 02:25:24.53 —2:58:29.63 —0.64 | 1 189 529 PL 1220 4465 .20 19 ;
44 XLSS J022524.5044043.1 02:25:24.82 —4:40:43.61 —0.80 | gx 173 396  PLGA® 0263 4292  @26008 19 134
45 XLSS J022525.2034225.4 02:25:25.28 —3:42:24.26 —0.66 | 1 175 597 PL 1326 4485 0026 .02°7 087
46 XLSS J022527.6035954.9 02:25:27.52 —3-59-53.89 —-0.50 | 1 206 269 PL 0494  43.36 0026  6ady -
47 XLSS J022527.6050639.2 02:25:27.62 —5:06:39.19 -0.48 | 1 201 243 PL 1114 4426 207042 20808 063
48 XLSS J0225294050947.8 02:25:29.32 —5:09:46.95 —0.03 Il 1 193 235 PL 1288 4437 ®Eo% 19 -

—2229
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Table 4. Continued.

# Name RA DECL HR X-type OPT-type R Fo_10 Model Zpec  lOQ LS, Ny r X2
(deg) (deg) (10714 cgs) (162 cm?)
1) (2) 3) 4) (5) (6) (1) 8) ) (10) (11) (12) (13) (14) (15)
49  XLSS J022533:6050803.1 02:25:33.67 -5:08:02.44 -0.67 I 1 175 2.40 PL 1.179 4426 02670552 1.9 -
50 XLSSJ022537-0050110.7 02:25:37.06 —5:01:09.38 -0.47 | 1 19.8 1.71 PL 1.937 44.72 0.026 0go2>  0.60
51 XLSSJ022538:3042109.8 02:25:38.32 —-4:21:09.32 -0.48 | 1 20.9 1.28 PL 0.742 43.50 0.026 .9&:§;§§ -
52 XLSSJ0225410033521.9 02:25:40.84 -3:35:21.41 -0.59 | 1 18.3 2.27 PL 0.861 43.90 .02670%2 1.9 -
53 XLSSJ022541:4032624.2 02:25:41.30 -3:26:24.12 -0.31 | 2 185 12.93 PL 0.207 43.21 .2638;898 1.9 0.99
54  XLSS J022544:8043736.7 02:25:44.98 —-4:37:36.36 -0.35 Il 1 22.6 1.01 PL 3.589 45.04 .SDljg;ggg 1.9 -
55 XLSS J022546:3051159.1 02:25:46.38 —-5:12:02.52 -0.42 | glx 17.0 1.55 PL 0.148 41.96 .C(26i6;888 1.83793¢ 0.93
56 XLSS J022548-7025820.2 02:25:48.72 -2:58:20.02 -0.53 | 2 17.7 10.27 PL 0.286 43.44 .mqg;g%g 1.93i§;§§ 1.76
57 XLSSJ022554-8051355.5 02:25:54.84 -5:13:55.51 -0.38 Il 1 20.0 1.00 PL 1.247 43.95 566505 1.9 -
58 XLSSJ022556-4044725.2 02:25:56.14 —-4:47:24.13 -0.50 | 1 20.0 3.51 PL 1.010 44.21 .026 173920 0.88
59 XLSS J022556:3042540.9 02:25:56.28 —4:25:40.47 -0.69 | 2 215 1.13 PL 0.863 43.62 0.026 .glﬁg;g -
60 XLSS J022557-:6045005.9 02:25:57.65 —4:50:04.42 -0.53 | 1 19.3 0.47 PL 2.263 44.33 0.026 .08_%3% -
61 XLSS J022558-7050055.8 02:25:58.73 -5:00:55.24  0.62 Il 2 17.2 5.91 PL 0.148 42.80 9851193 1. -
62 XLSSJ022601:5033041.0 02:26:01.57 —-3:30:39.66 -0.49 | 1 19.8 1.21 PL 1.455 44.19 .02@3?6? 1.9 -
63 XLSS J022604:5045934.2 02:26:04.31 —-4:59:29.48 -0.23 I,Fe 2 15.4 2.56 PLGAY 0.054 41.25 (]D26i81882 1.9 -
64 XLSS J022607-4032015.0 02:26:07.15 —-3:20:15.02 -0.45 | 1 19.1 1.88 PL 2.321 44.86 .02@91898 1.9 -
65 XLSSJ022607-8041842.7 02:26:07.76 —-4:18:42.07 -0.61 | 1 18.9 441 PL 0.495 43.72 oczejgggg 24802 118
66 XLSSJ022617-2044725.3 02:26:17.23 -4:47:24.83  0.33 Il 2 17.4 2.71 PL 0.140 42.25 7B+ 1.9 -
67 XLSSJ022617-3050443.8 02:26:17.63 -5:04:43.83 -0.51 Il 2 14.8 4.27 PEGA® 0.054 41.56 58@%%5%]1 1.9 -
68 XLSSJ0226177043107.6 02:26:17.74 —-4:31:07.09 -0.78 | 1 18.7 1.07 PL 0.705 43.53 0.026 62932 1.23
69 XLSSJ022620.5031723.9 02:26:20.72 —-3:17:26.93 -0.19 I,Fe 1 19.2 7.61 RLIGAT  0.691 44.21 B7705%° 1.9 -
70 XLSSJ022622:3042219.9 02:26:22.09 -4:22:20.30 -0.52 Il 1 185 5.04 PL 2.011 45.15 .2!12938% 1.9 -
71 XLSS J022629-2043056.4 02:26:29.18 —4:30:56.24 -0.43 | 1 19.8 3.96 PL 2.031 45.05 .026932% 1.9 -
72 XLSSJ022643:6043317.1 02:26:43.62 -4:33:16.57 0.58 Il glx 17.8 2.52 PL 0.308 42.96 881j§§§? 1.9 -
73  XLSS J022646:2045156.4 02:26:46.25 —-4:51:55.91 -0.61 | 1 20.9 0.63 PL 1.089 43.73 0.026 .32:044

=038




Table 4. Continued.

# Name RA DECL HR X-type OPT-type R Fo_10 Model  zpec  log L%, Ny r b%
(deg) (deg) (10* cgs) (162 cm?)

1) 2 (3) (4) (5) (6) (1) (8) 9) (100 (11 (12) (13) (14 (15)
74  XLSS J022646:9041839.6 02:26:46.93 —4:18:39.15 -0.52 I 1 21.0 1.20 PL 1.581 4427  .026°088%2 1.9 -
75 XLSS J022649:0042745.7 02:26:48.95 -4:27:45.74 -0.56 | 2 19.0 2.52 PL 0.327 42.94 .mej§f§§§ 1.9 -
76  XLSS J022649-4041155.4 02:26:49.38 -4:11:53.79 -0.55 | 1 22.2 2.19 PL 1.157 44.15 0.026 78020 0.95
77 XLSS J0226517045715.3 02:26:51.65 -4:57:13.34 -0.49 | 2 20.4 3.85 PL 0.331 43.12 .026 1728153 0.65
78 XLSS J022652:6050619.6 02:26:52.44 -5:06:20.18 -0.49 | 1 18.7 3.82 PL 1.618 44.76 0.026 .83j83]’ -
79 XLSS J022659:8044430.4 02:26:59.78 —4:44:29.86 -0.54 I 1 20.8 0.45 PL 1.612 43.97 0.026 .1558%2 -
80 XLSSJ0227012040751.2 02:27:01.40 —-4:07:49.95 -0.35 I 2 18.6 4.24 PL 0.220 42.75 .02@5;835 1.56j§;}§ 1.14
81 XLSSJ022707-8050816.5 02:27:07.78 -5:08:15.97 0.32 1l 2 18.9 16.43 PL 0.356 43.90 9067 ¢e> 1.9 -
82 XLSSJ022708:5050429.1 02:27:08.60 -5:04:23.92 -0.48 | 2 17.6 4.69 PL 0.148 42.30 0.026 .92+027 -
83 XLSSJ022712:0033353.1 02:27:11.84 -3:33:51.23 -0.40 | 2 18.5 2.70 PL 0.317 42.95 .026j°:°75 1.99j§§2 0.78
84 XLSSJ0227127044220.7 02:27:12.67 -4:42:20.25 0.14 Il 2 18.4 4.69 PL 0.205 42.79 .46[1j§;222 1.9 1.01
85 XLSSJ022729:3043226.9 02:27:29.48 -4:32:24.14 -0.51 I 1 19.6 1.52 PL 2.290 44.76 0.026 .89r024 -
86 XLSSJ022731:9032121.9 02:27:31.90 -3:21:22.13 -0.62 | 1 -1 0.53 PL 0.771 43.32 0.026 . &8;58 -
87 XLSSJ022732:2032736.0 02:27:32.26 -3:27:36.29 -0.38 | 1 18.0 7.72 PL 1.782 45.11 0260578 1.69j§§2 0.92
88 XLSS J022735:7042023.2 02:27:35.75 -4:20:22.69 -0.55 | 2 -1 1.21 PL 0.886 43.66 .I!SOfSR88 1.9 -
89 XLSSJ022739-7050043.4 02:27:39.85 -5:00:43.16 -0.61 | 1 18.8 7.75 PL 0.447 43.80 .GZG_*Q%%% 2.l8ig-33 1.03
90 XLSSJ022740-4041855.5 02:27:40.68 —4:18:57.91 -0.17 I 1 22.4 0.71 PL 0.727 43.25 0.026 .026jg-74 -
91 XLSSJ022748:4041900.8 02:27:48.53 -4:19:00.82 -0.32 I 2 21.4 1.15 PL 0.689 43.32 0.026 .61*0341 -
92 XLSSJ0227514050101.2 02:27:51.34 -5:01:01.73 -0.47 | 1 -1 3.36 PL 2.174 45.01 0.026 .8:Bj§f§i 0.47
93 XLSSJ0227545050700.1 02:27:54.43 -5:06:58.27 -0.44 I 2 19.5 1.46 PL 0.436 43.00 2620204 1.9 -
94  XLSS J022756-8050734.8 02:27:56.92 -5:07:34.97 -0.13 1l 2 19.2 1.82 PL 0.492 43.23 .OBngfégé 1.9 -
95 XLSSJ022809-4041233.5 02:28:09.01 -4:12:31.12 -0.49 | 1 19.2 25.55 PL 0.878 4491 0.026 .6'11_*3&2 1.86
96 XLSSJ022810-6050744.5 02:28:10.81 -5:07:43.84 -0.61 | 1 -1 0.84 PL 0.733 43.30 .026_*3;858 1.9 -
97 XLSSJ0228214050954.8 02:28:21.54 -5:09:55.88 -0.63 I 1 20.7 1.01 PL 1.812 44.43 0.026 Apo3t -
98 XLSSJ022843:3051011.5 02:28:43.36 -5:10:11.61 -0.02 1l 2 18.5 2.91 PL 0.271 42.64 .652+1370 1.9 -
99 XLSSJ022851:3051223.0 02:28:51.42 -5:12:23.07 -0.72 | 1 17.1 37.17 PL 0.315 44.10 .OQ6+8:68% 2.lljg'8g 1.12

—0.000
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Appendix A: lllustrating figures about selection
effects in our sample
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Fig. A.1. The layout of the 51 X-ray pointings of the XMM-LSS survey igch that most adjacent pointings overlap beyond 10
arcmin from their respective optical axis centers. Thedilguares correspond to the 99 spectroscopically iden¥fiead/ sources
for this analysis, while the empty triangles correspondhoremaining 513 X-ray sources. Finally, the two large @amping circles
correspond to the two 2dF fields used in the spectral ideatiific process.
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Fig. A.2. Left panel : normalized 2-10 keV band flux distribution foeth13 still optically unidentified X-ray sources (solid ljne
compared to the distribution of the sample of 99 spectrasatip selected X-ray point like sources (long dashed lirdght panel

: Normalized hardness ratio distribution for the 513 stjitically unidentified X-ray sources (solid line) comparedhat of the
sample of 99 optically selected X-ray point like sourcesdldashed line).
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Fig. A.3. Left panel : histogram of the distribution of the separabetween each X-ray source and its optical counterparth&o89
spectroscopically identified X-ray sources. Right parieband magnitude distribution of the 94 optical counterpairtsur sample
of X-ray sources for which aR band magnitude is available. For most of the objects, thenitade is red magnitude from UKST
plate scans, while the others &enagnitudes from the VVDS.



	Introduction
	The samples
	The sample of X-ray selected point-like sources
	The sample of R22 spectroscopically identified X-ray point sources

	The Optical classification criteria
	X-ray spectral analysis
	X-ray data reduction
	Results

	Optical obscuration versus X-ray absorption
	Unabsorbed AGN lacking broad emission lines in their optical spectra
	Broad band properties
	Line ratio diagrams
	Testing the dilution hypothesis

	Absorbed AGN showing broad emission lines in their optical spectra

	X-ray bright optically normal galaxies (XBONG)
	Type II QSO candidates
	Summary and conclusions
	ACKNOWLEDGMENTS
	Illustrating figures about selection effects in our sample

