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Abstract. We present results from the photometric and spectroscopic identification of 122 X-ray sources recently discov-
ered by XMM-Newton in the 2-10 keV band (the HELLAS2XMM 1dF sample). Their flux cover the rang&(8®-4 x

10713 erg cnt? s and the total area surveyed is 0.9 square degrees. One of the most interesting results (which is found also
in deeper sourveys) is that about 20% of the hard X-ray selected sources have an X-ray to optical flux@atien(Kmes or

more higher than that of optically selected AGN. Unlike the faint sources found in the ultra-deep Chandra and XMM-Newton
surveys, which reach X-ray (and optical) fluxes more than one order of magnitude lower than the HELLAS2XMM survey
sources, many of the extremgXXsources in our sample halRes 25 and are therefore accessible to optical spectroscopy. We
report the identification of 13 sources with&XX 2 10 (to be compared with 9 sources known from the deeper, pencil-beam
surveys). Eight of them are narrow line QSO (seemingly the extension to very high luminosity of the type 2 Seyfert galax-
ies), four are broad line QSO. The results from our survey are also used to make reliable predictions about the luminosity of
the sources not yet spectroscopically identified, both in our sample and in deeper Chandra and XMM-Newton samples. We
then use a combined sample of 317 hard X-ray selected sources (HELLAS2XMM 1dF, Chandra Deep Field North 1Msec,
Chandra SSA13 and XMM-Newton Lockman Hole flux limited samples), 221 with measured redshifts, to evaluate the cosmo-
logical evolution of the hard X-ray source’s number and luminosity densities. Looking backward in time, the low luminosity
sources (lodo_10 kev = 43-44 erg s?) increase in number at a much slower rate than the very high luminosity sources
(log Lo_10 kev > 44.5 erg s%), reaching a maximum arourm= 1 and then levelling § beyondz = 2. This translates into an
accretion driven luminosity density which is dominated by sources with_logh yev < 445 erg s* up to at leask = 1, while

the contribution of the same sources and of those withLogp v > 44.5 erg st appear, with yet rather large uncertainties,

to be comparable between- 2 and 4.
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* Based on observations collected at the European Southetard X-ray observations are the mostaent way to discrimi-
Observatory, La Silla and Paranal, Chile, and at the Telescopiate accretion-powered sources, such as AGN, from starlight
Nazionale Galileo, Roque de Los Muchachos, La Palma, TF, Spaiihd optically thin hot plasma emission. Furthermore, hard
Based also on observations made with XMM-Newton, an ESA s6k-rays are lessféected than other bands by obscuration. The
ence mission. _ _ _ _advent of imaging instruments in the 2—-10 keV band, first
** Table 1 is only available in electronic form at the CDS Vig\poard ASCA and BeppoSAX (e.g. Ueda et al. 1999; Akiyama

anonymous ftp tacdsarc.u-strasbg. fr (130.79.128.5) or via . - )
http: //cdsweb. u-strasbg. fr/cgi-bin/qcat?]/A+A/409/79 et al. 2000; Della Ceca et al. 1999; Fiore et al. 1999, 2001;
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La Francaetal. 2002; Giommi et al. 2000) and then on Chandiiacrete sources). The optical photometric and spectroscopic
and XMM-Newton, has led to a dramatic advance. Deep subservations of the sources in the other 20 fields is in progress.
veys have resolved 80-90% of the 2—10 keV Cosmic X-rdhe five XMM-Newton fields have been studied using the ESO
Background (CXB, see e.g. Mushotzky et al. 2000; Giacca®ié m and VLYUTL1 telescopes and the TNG telescope. For all
etal. 2001, 2002; Brandt et al. 2001; Hasinger et al. 2001), ahe 122 X-ray sources we have complete photometric cover-
the detailed study of the cosmic evolution of the hard X-raage down toR ~ 25 and nearly complete spectroscopic cov-
source population is being pursued combining deep and stege down tR = 24 (90%). We combine the results on the
low Chandra and XMM-Newton surveys. These studies cooptical identification of the HELLAS2XMM 1dF sources with
firm, at least qualitatively, the predictions of standard AGRkhose from the CDFN, Chandra SSA13 (Mushotzky et al. 2000;
synthesis models for the CXB (e.g. Setti & Woltjer 1989Barger et al. 2001), and XMM-Newton Lockman Hole fields to
Comastri et al. 1995, 2001): the 2-10 keV CXB is mostlgvaluate the evolution of the hard X-ray selected AGN number
made by the superposition of obscured and unobscured AGNd luminosity density up ta = 2—-3. The combined sample
Quantitatively, though, rather surprising results are emergingc@nsists of 317 hard X-ray selected sources spanning the flux
rather narrow peak in the range- 0.7-1 is present in the red- range 10%°-4 x 1073 erg cn7? s71. The fraction of sources
shift distributions from ultra-deep Chandra and XMM-Newtowith measured redshift is 70%.
pencil-beam surveys (e.g. Barger et al. 2001, 2002; Cowie et al. The paper is organized as follows: Sects. 2 and 3 present
2003; Hasinger 2003), in contrast to the broader maximum dbe results of the optical photometric and spectroscopic iden-
served in previous shallower soft X-ray surveys (e.g. ROSAfTfications of the HELLAS2XMM 1dF source sample; Sect. 4
Schmidt et al. 1998; Lehmann et al. 2001) and predicted bgmpares the HELLAS2XMM 1dF sample with other samples
the above mentioned synthesis models; furthermore, evidentdard X-ray sources from deeper Chandra and XMM-Newton
is emerging (related to the ftierence above) of a luminositysurvey; Sect. 5 discusses the population of sources with high
dependence in the number density evolution of both soft aKeray to optical flux ratio. We show here how the results ob-
hard X-ray selected AGN (Cowie et al. 2003; Hasinger 2003jained using the HELLAS2XMM 1dF sample can be used to

The ultra-deep Chandra and XMM-Newton surveys of thmake statistical predictions about this population of sources
Chandra Deep Field North (1Msec, CDFN, Brandt et al. 2008}, fainter X-ray (and optical) fluxes; Sect. 6 presents our re-
Chandra Deep Field South (CDFS, Giacconi et al. 2002) asults on the evolution of the X-ray source’s number and lumi-
Lockman Hole (LH, Hasinger et al. 2001) cover each abonbsity density; finally Sect. 7 discusses our main findings. A
0.05-0.1 square degrees. For this reason the number of High= 70 km s Mpc™t, Qu = 0.3, Q, = 0.7 cosmology is
luminosity sources in these surveys is small (the slope of thdopted throughout.
AGN luminosity function at high luminosities is very steep).
As an example, in the CDFN there are only 6 AGN wit
log Lo-10kev ® 44 atz > 3 and 20 atz > 2 (Cowie et al.
2003). To compute an accurate luminosity function on wide lIiWe have obtained relatively deeR (= 24-25) optical im-
minosity and redshift intervals, and to find sizeable samplesagfes for all 122 hard X-ray sources in the HELLAS2XMM
of “rare” objects, such as high luminosity, highly obscured tydelF sample using EFOSC2 at the ESO 3.6 m telescope and
2 QSO (and also of other rare sources like the X-ray bright, dpOLORES at the TNG. Exposures were typically of 10 m per
tically normal galaxies, XBONGs, Fiore et al. 2000; Comastitnage. Optical frames and X-ray images were brought to a
et al. 2002) a much wider area needs to be covered, of the @mmon astrometric reference frame using bright AGN (from
der of a few square degrees. To this purpose we are carrihtp 15 AGN per field). Typical systematic shifts were of the
out the HELLAS2XMM serendipitous survey, using suitablerder of ¥, the maximum shift was of2”.
XMM-Newton archive observations (Baldi et al. 2002). The Images were bias subtracted, flat field divided, and flux cal-
HELLAS2XMM survey goal is to cover4 square degreesibrated using observations of standard stars aquired during each
using 20 XMM-Newton fields. The majority of them share aight. Source detection was performed using the SExtractor
Chandra coverage, which, thanks to the higher angular repackage (Bertin et al. 2000). Additional 8liameter aperture
lution, helps in the process of optical identification (see Brugdotometry was performed on tfieband images at the posi-
et al. 2003). The survey will consist of about 500 sources g@n of eight brightk band sources (Mignoli et al. 2003).
lected in the 2—10 keV band. Among them, we expect at least We found optical counterparts brighter than- 25 within
100 highly obscured AGN, a numberfBuient to evaluate their ~6” from the X-ray position in 116 cases (actually withifi 3
luminosity function and evolution up to = 2-3 with a level for ~80% of the cases, see Fig. 1). The average displacement
of statistical accuracy adequate for a meaningflul comparidostween the X-ray positions and the positions of the optical
with those of the unobscured AGN. counterparts is of .2” + 1.5”. This is consistent with what

As an intermediate step, in this paper we present the feund in other XMM-Newton surveys (Barcons et al. 2002;
sults of the optical identification of 122 hard X-ray selectedasinger et al. 2001). Six X-ray sources have optical counter-
sources detected in five XMM-Newton fields (PKS 0312-7parts fainter thaiR ~ 24 (5%).
PKS 0537-28, A2690, G158-100, Markarian 509), covering Two of the sources with optical counterpart (PKS 0BL2
a total of 0.9 square degrees (hence the acronym “1dF” fand A269013) are more extended than the XMM-Newton
this sample), and of 0.4 square degreeFatipkev = 2 X EPIC Point Spread Function at theif-@xis angles (Ghizzardi
101* erg cnt? s, where~40% of the CXB is resolved in 2001). Their X-ray emission is probably due to intracluster

5. Optical identifications
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and Ne lamps. The flux calibration of the spectra was obtained
1 using observations of spectro-photometric standard stars (Oke
. 1990), performed within a few hours from the object’s spec-
troscopy.

J For 93 sources the optical spectroscopy produced reliable
4 redshifts. In the four remaining cases the redshift determination
. is tentative, based on a faint, single line.

ADec (arcsec)
o
I

3.1. Source breakdown

In the majority of the cases optical spectra are dfisiently

L 1 good quality to allow a reliable classification of the optical
e e counterpart. Objects with permitted emission lines broader than

2000 km s* (FWHM) are identified with type 1 AGN; objects

with permitted emission lines narrower than 2000 kiare

Fig. 1. The displacement between the X-ray position and the positiglgssified as type 2 AGN, if they possess strong [Olll], NeV,

of the nearest optical counterpart for the HELLAS2XMM 1dF samplmg”’ or CIV emission lines, or as Emission Line Galaxies

sources. Open circles brc_)ad_ Iine_ AGN; fillgd circless narrow line (ELGs) if they possess strong [Oll] oraHemission lines. In

AGN; f'”e.d S,quaresz em'ss'on line galaxies; open Squ"’_‘ﬁemor' six cases the presence of broad emission lines in the optical

mal galaxies; stars stars; pentagons clusters of galaxies; skeleton . .

triangles= unidentified objects. The two circles have radii of 3 angpectrum cannot be exclude.d., dqe to theiiﬁlsvept qqallty of

6 arcsec. the spectrum and the classification of the object is therefore

uncertain (see notes in Table 1). Objects without strong emis-
sion lines (equivalent widtEW < 5-8 A) but with stellar ab-

or intragroup hot, optically thin, plasma emission. For argrption lines and a red continuum are classified as Early Type
other source (PKS 05337) several relatively bright galaxiesga|axies (ETGs).

are present around the X-ray error-box. Also in this case the X- Infour there are two candidat nterparts inside th
ray emission is probably due to intracluster or intragroup gas. ourcases Inere are two ca ate counterparts inside the

These tree sourcs wil terefore b excluded hen sudy e % e 0 T Tedle 1) et cous ot o
the evolution of the accretion luminosity arts are at the same reds)r/ﬂft and aré both emission line galax
Table 1 gives for each source the X-ray position, the poé)l- 9

tion of the optical counterpart, the displacement between e hence the X-ray luminosity is univocally determined, of

X-ray and optical positions, the X-ray flux, tRemagnitude of course within a factor of two. In one case _the two counterparts
: S are a galaxy and a type 1 AGN, which is therefore adopted

the optical counterpart (or the threeupper limit), the clas- as the most likely counterpart. The last case, PKS (B.4s

sification of the optical spectrum, the redshift and the X'rar\éther intriguing: both a type 1 QSO and an extremely red ob-

ARa (arcsec)

luminosity. ject, R— K > 6.6, which is also a 0.4 mJy (at 5 GHz) radio
source, see Brusa et al. (2003), are present in the error-box. In

3. Optical spectroscopic redshifts and the following we shall adopt as counterpart the type 1 QSO.
classification The source breakdown therefore includes: 61 broad line

SO and Seyfert 1 galaxies; 14 narrow line AGN (9 of which
ave loglo_10 kev > 44 erg s, see next section for details on
luminosity determination, and can therefore be considered type

Optical spectra of 97 of the 110 sources with optical count
parts brighter thalR = 24 have been obtained using EFOSC
@ the ESO 3.6 m telescope and FORS1 @ N1 during 5 S . . .
observing runs performed between Jan. 2000 and Aug. 2082250S); 14 emission line galaxies, all with 1bg 10 ev >

A total of 9 nights at the 3.6 m and 24 h of VLT time have beeh2 / and therefore all probably hosting an AGN; 5 early type
devoted to this progratn galaxies with 419 < log L,_19 kev < 43.0, therefore XBONGS,

Long slit spectroscopy has been carried out in the 3806ﬂ prgbably hosting an AGN; 1 star; 2 groups or clusters of
10000 A band with resolution between 7 and 13 A. Data rd2laxies.
duction was performed using both the MIDAS (Banse et al. In summary, 94 of the 97 sources with optical spectroscopy
1983) and IRAR packages. Wavelength calibrations werare associated with AGN emission, the majority (63%) are type
carried out by comparison with exposures of He—Ar, He, ArAGN.
A more detailed discussion of the optical spectra of all ob-

1 six sources have counterparts wRibetween 24 and 25, still ac- .

cessible to VLT spectroscopy, but demanding exposure times too I(%ﬁrg_ts is deferred to an_other publication. In the foIIOWIng we
for the time allocated to our VLT run. Imit ourselves to consider two broad categoriggtically un-

2 IRAF is distributed by the National Optical AstronomyOPScured AGNi.e.type 1, broad emission line AGN, aopti-
Observatories, which is operated by the Association of Universitiédlly obscured AGN.e. AGN whose nuclear optical emission,
for Research in Astronomy, Inc., under cooperative agreement wightotally or strongly reduced by dust and gas in the nuclear
the National Science Fundation. region angdor in the host galaxy.
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4. The HELLAS2XMM 1dF sample in a context:
Comparison with deeper Chandra and o
XMM-Newton surveys

In the following sections we shall also use results from three ;|
additional hard X-ray samples:

atio

1- Chandra Deep Field North sample from Barger et &k
(2002): 88 sources WitlF,_10 kev > 1071 ergcnt? st
in the inner 6.5 arcmin radius region plus 32 sources W@
Fo_10 kev > 5 x 10715 erg cnt? s7% in the annulus between 3o 5
6.5 and 10 arcmin radii, for a total of 120 sources (67 with
a spectroscopic redshift);

2- Lockman Hole sample: 55 sources in the inner 12 arcmin
radius region. Fluxes are from Baldi et al. (2002), optical

ess

)
identifications are from Mainieri et al. (2002), for a total of A ‘:bbﬁ' ©0 ©
55 sources, 44 already identified (41 spectroscopicredshiftsf — ‘B% e ‘]{(‘)‘713

and 3 photometric redshifts);

3- SSA13 sample from Mushotzky et al. (2000) and Barger
et al. (2001): 20 sources WittF,_10kev > 3.8 x Fig.2. The softness ratioS - H)/(S + H) (S = 0.5-2 keV flux;
10—15 erg sz s—l in a 4.5 arcmin radius region, 13 withH = 2-10 keV flux) as a function of the 2—-10 keV flux for the sources
spectroscopic redshift. in the combined sample (HELLAS2XMM open circles; CDFN=

filled squares; LH= filled triangles; SSA1Z filled circles). The thick

Overall, we shall deal with 317 hard X-ray selected sourcgtosses represent the median with the quartile range, in three flux in-
from Chandra and XMM-Newton surveys, 221 (70%) of therlr?rvals' T.he right axis gives the conversion fran{ H)/(S + H) to

identified with an optical counterpart whose redshift is avail- for a single power law spectrum.
able. Five of these sources are identified with groups or clus-

ter of galaxies, two with stars. We shall not consider in the Figure 2 shows$ — H)/(S + H) as a function of the 2—

following these seven sources. It is highly unlikely that oth 10 keV flux for the combined sample. At all fluxes from 19

stars are present among the sources without a redshift. It is g$q 13 ergcm2 s (S — H)/(S + H) appears to span a very
unlikely that other groups or clusters of galaxies are presqg'tge range of values

Flux 2—10keV erg/s/cm?

) , although this in some
whole combined sample), because the X-ray sources do PQLes can be as large as 0.4

i f . he followi hai .4-0.5. Furthermore, the thick crosse:
present any evidence of extension. In the following we shalyicy, represent the median with the quartile range in three flux
assume that no other star, group or cluster of galaxy is pres

; , o X ﬁ'?érvals, show a general trend in the spectral shape, which be-

among the sources without a redshﬁt and limit the analysis {81165 harder as the flux decreases (see e.g. Giacconi et al. 200:

the 310 Sources probably ho;tmg an active nucleus. .. and references therein). If the spectrum is parameterized as a
Classification of the optical spectra from the add|t|0n§ling|e power law with energy indexg (F(E) o E~€) it is

samples are adopted from the above publications, when a"é‘ﬂ'aightforward to convers(— H)/(S + H) into the slopere,

able. Otherwise, we produced a tentative classification by Wq indicative values are given on the right axis in Fig. 2. We

sual inspection of the published optical spectra (Barger et ghte that this is not a completely self-consistent procedure, be-

2001, 2002), gdopting the griteria in Sect. 3.1. _ cause fluxes in the two bands were obtained assuming a given
The combined sample includes 113 broad line AGN anghectral shape (Baldi et al. 2002). However, because the width
108 optically obscured AGN. of the energy bands is smatlp.7 decades, the conversion fac-

tors between count rates and fluxes depend little on the spectral
shape assumption. For example the conversion factors change
by 15% and 6% for a\@ = 0.5 in the 2-10 keV and 0.5—

A key ingredient to estimate rest frame 2-10 keV, absorp-keV bands respectively. This is much smaller that the typical
tion corrected, luminosities is the shape of the X-ray spestatistical errors on§ — H)/(S + H) and than the spread in
trum. The discussion of the detailed X-ray properties of tH& —H)/(S + H) in Fig. 2. If the single power law is the correct
HELLAS2XMM sources is beyond the purposes of this panodel, the points would span a very large interval in spectral
per and will be presented in future publications (Baldi et al. slopes, from about 1.3 t60.4 or even harder. Such a distribu-
preparation, Perola et al. in preparation). Nevertheless, a stifin is not observed in any sample of AGN, for whieh (in

ness ratio, defined a§ - H)/(S + H), whereS andH are the the observed 0.5-10 keV band) is hardly ever outside the 1.3—
0.5-2 keV and 2—-10 keV fluxes respectively, can be used to 85 range. On the other hand, photoelectric absorption would
rive reliable assumptions about the spectral shape. Lower \@dsily produce the observed softness ratios (a column density
ues of the softness ratio indicate hard spectra; note that a vaifie(?® cm 2, atz = 0, would give & — H)/(S + H) lower

of —1 is by definition an absolute minimum of this quantity. than-0.9 forag = 0.8), and it is observed in the spectra of a

4.1. Luminosities
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large fraction of bright AGN. Furthermore, the hardening ofthe 46 1 T T T T
sources toward lower fluxes is consistent with the expectation I
of AGN synthesis models, which reproduce the CXB through }
the superposition of obscured and unobscured AGN (see e.g.
Comastri et al. 2001). Our conclusion is that the wide distribu%
tion in softness ratio is unlikely to be solely due to an intrinsic<
dispersion of the spectral index, and that the presence of sug-
stantial absorbing columns is likely the dominant cause of itg
extension, expecially toward values less than, s&yp. We
have therefore decided to adopt a power law reduced at low efy-
ergy by photoelectric absorption as the model used to computg
the K-correction, according to the following procedure. =
We assumed a power law index = 0.8 and used the ob- =
served softness ratios to estimate the column density of the ab-
sorber and therefore the unabsorbed fluxes. These unabsorbed
fluxes were then used to compute rest frame 2—-10 keV lumi-
nosities. The correction due to the photoelectric absorption is
small in most casess(L0—20% for 80—90% of the sources). For
the rest of the sources having softness ratios suggesting ob-
server frame column densities of the ordek8f-5x 107 cm2,
the correction can be of the order of a few. In a few cases thi§- 3- The 2-10 keV luminosity as a function of the redshift for the
observed flux could be due to reflection, rather than to dirétqurces in the combined sample. Symbols as in Fig. 2. The lower and
emission from the AGN. In these cases the real luminositigdPe" solid lines represent the flux limits ff.ﬂ)erg ot 5 (i.e.
could be much higher than our estimates based on the v afndra deep surveys) and 10erg cm* s (i.e. HELLAS2XMM
. survey) respectively.
simple spectral model adopted. In many cases, the uncertainty
on the correction can be of the same order of the correction
itself, given the large errors on the determination of the sofither hand, the redshift of objects with 25R < 27 could be
ness ratio and therefore of the absorbing columns. Howewdetermined through the comparison of their optical-NIR pho-
since in sources with measured redshift we find no correlatitometric spectral energy distribution to galaxy and AGN tem-
between the softness ratio, and therefore the observer frgptages. This is also feasible with today 10 m class telescopes.
column density, and the redshift, this problem is not likely tBedshift estimate of even fainter sources must await next gen-
introduce a bias in the evaluation of the evolution of the AGHration facilities like the 30-50 m ground based telescopes and
luminosity function and its integrals. NGST, unless this can be done using directly the X-ray spec-
On the other hand, the luminosity of all high redshiftrum, i.e. by detecting and identifying narrow emission or ab-
sources depends critically on the assumed X-ray spectral $orption features.

Redshift

dex. Changing the spectral index by = 0.5 would imply a The range of XO spanned by X-ray sources is extremely
change in luminosity of a factor of 2 at= 3. We shall return large, up to 6 dex or even more. Indeed, one of the most in-
on this point in Sect. 6. triguing results of hard X-ray surveys, is that about 20% of

The redshift-luminosity diagram for the sources in the corhe sources has an X-ray to optical ratio 10 times higher or
bined sample is shown in Fig. 3. It illustrates the fact thagore than that typical of broad line AGN (® > 10 in Fig. 4,
narrow beam surveys at < 1-2 can hardly find objects of While typical PG QSO and Seyfert 1 galaxies hay®x- 1,

Lx 2 10* erg s?, i.e. the sources closer to the break in thgee also Alexander et al. 2001). The ratio between the optical
Luminosity Function, which contribute most to the luminositjo X-ray optical depth, in the observer frame, scales roughly
density at that redshift. Hence the value added by larger afse(1+ 2)*°, because dust extinction increases in the UV while
surveys, such as the HELLAS2XMM survey. X-ray absorption strongly decreases going toward the high en-
ergies. The net result is that in the presence of an absorbing
screen the observed optical flux of higlSO can be strongly
5. The X-ray to optical flux ratio: The extreme X/O reduced, and the observed magnitudes can be mainly due to
source population starlight in the host galaxies. Conversely, the 2—-10 keV X-ray

. . flux can be much less reduced. Many extreme X-ray to optical
Figure 4 shows the X-ray (2—10 keV) to optic& lgand) flux . ) . ;
ratio (X/O) as a function of the X-ray flux for the four Sur_ratlo sources could then be distant, highly obscured QSO, i.e.

veys. The part of the diagram below tRe= 25 line is accessi- type 2 QSO.

i . At the flux limit of the HELLAS2XMM 1dF survey
ble to optical spectroscopy with 10 m class telescopes. On t(r&ez_lo v ~ 10-4 erg cn? s1) the depth of the optical pho-

3 TheRband flux is computed by convertifgmagnitudes in spe- fometry and spectroscopy allows the identification of sources
cific fluxes and then multiplying by the width of ttfilter. We used With X/O ~ 10. Conversely, most of the/® 2 10 objects
fr(0) = 1.74x 10 erg cmm? s A~ andAdg = 2200 A, Zombeck from ultradeep Chandra and XMM-Newton surveys (e.g.
(1990). CDFN, CDFS) haver > 25 and therefore are not accessible
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100 & s _
Fi

F(2—10keV)/F(R)

lllll 1 1 lllllll 1 1 lllllll 1 1 -

10-15 10-14 10-13
Flux (2—10 keV) erg/cm?/s

Fig. 4. The X-ray (2—10 keV) to opticaR band) flux ratio XO as a function of the X-ray flux for the combined sample (symbols as in Fig. 2,
skeleton triangles are sources without a measured redshift). Solid lines mark loci of cBissent magnitude. The part of the diagram below
theR = 25 line is accessible to optical spectroscopy with 10 m class telescopes. Ndt6%sof the sources have/® 2 10, irrespective of

the X-ray flux. HELLAS2XMM 1dF sources with O 2 10 haveR = 24-25, and therefore their redshifts can be measured through optical
spectroscopy.

to optical spectroscopy and require ultradeep optical photontgpe, using only the fraction of them with available redshifts.
try. The paucity of type 2 QSO among the identified sourcesAs just noted, however, this fraction is not equally representa-
these surveys might therefore be partly due to a selecfiente tive of the whole in diferent bins of XO and flux. As we shall
Among the 310 sources from the three samples considestdw in the next section, a veryfiirent behaviour of the )0
here there are 65 sources withiOX> 10 (21%), 28 of them versusL,_1p kev iS found in AGN1 and in the rest of the pop-
come from the HELLAS2XMM 1dF survey, and we have ohlulation. These behaviours give the opportunity to statistically
tained reliable VLT spectra of 13 of them (46%). This has tttribute a distance also to the sources without a redshift deter-
be compared with the 9 out of 38 identifications in the CDFNnination, hence for the main purpose of this paper the whole
SSA13 and LH samples (including 3 photometric redshift @ample could be treated as if it were completely identified.
faint optical sources in the LH sample). Among the 13 identi-
fied X/O > 10 HELLAS2XMM sources we find 8 type 2 QSO,
based on the absence of broad optical lines and their high X-
luminosity (Lo_10 kev > 10* erg s1). We also find 4 broad line
QSO. The remaining source has an optical spectrum typical of
a narrow emission line galaxy and has an X-ray luminosity able 3 gives for the same bins ofX and flux of Table 2
Lo_10kev=7x 108 erg st. the ratio between optically obscured to optically unobscured
Table 2 gives the total number of sources and the numi#eEBN. Altough the errors on the ratios are large, a trend toward
of spectroscopic identification in two flux intervaf(10 kev =  a higher fraction of optically obscured objects is suggested go-
10°15-101 erg cnm? s andF,_10 kev 2 10 erg cn?2 s71)  ing both toward higher YO values and toward lower fluxes.
and in three bins of YO (>10; 3-10; 0.1-3. 11 sources havén order to confirm these trends one should perform a wide
X/0 < 0.1). (=1 ded) anddeep F2_10kev > 1-3 x 107 erg cnt? s71)
Notably, both above and below @ erg cnt? st the num- X-ray survey. To extend the redshift determinations to the
ber of objects with XO > 3 is comparable to that of those withsources with XO = 3-30 at this flux limit (i.e. aR = 25-27)
X/0O = 0.1-3. But if we consider the degree of completeness deep optical to near infrared follow-ups are needed, to obtain
the identifications, thanks to the HELLAS2XMM 1dF surveyeliable photometric redshifts. We also note that Fig. 2 sug-
it is much higher above 1®* erg cnt? s71, than below. gests, at least qualitatively, the same kind of trend, i.e. an aver-
At this point we could proceed immediately to estimatage increase of obscuration (directly in the X-rays band in this
lower limits to the number density of AGN, irrespective of theicase) going toward low fluxes.

2y Optically obscured vs. optically unobscured AGN
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Table 2. Number of sources per bins of flux andXratio.

Fo 10 kev < 107 erg cnr? st

Fo 10 kev> 107 erg cnr? st

X/O Tot. Id. compl. Tot. Id. compl.
>10 22 1 5% 43 19 44%
3-10 29 7 24% 36 30 83%
01-3 72 54 75% 97 94 97%

Table 3. Ratio of optically obscured to optically unobscured AGN.

X/O Fo 10 kev < 107 erg cnr? st

Fo 10 kev> 107 erg cnr? st

>10 - 3.832
3-10 2.3% l.lfg:i
0.1-3 1.21036 0.31+099

=0.30

=0.07
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Fig. 5. The X-ray to optical flux ratio as a function of the X-ray luminosity for type 1 AGN, left panel and non type 1 AGN and galaxies (right
panels). Symbols as in Fig. 2. The orizontal lines mark the level/@ X 10, ~20% of the sources in the combined sample haj@ Kigher
than this value. The diagonal line in the right panel is the best linear regression betweefOpgii¥ logL,_10 kev-

Figure 5 show the X-ray to optical flux ratio as a function aéind optical luminosities, instead of fluxes (because tferdi
the X-ray luminosity for broad line AGN (left panel) and norences in the&K corrections for the X-ray and optical fluxes are
broad line AGN and galaxies (right panel). small in comparison to the large spread ifOX.

The average YO for the 113 broad line AGN of the com- All objects plotted in the right panel of Fig. 5 do not show
bined sample is 1.2 with a standard deviation of 0.3. The avbroad emission lines, i.e. the nuclear optical-UV light is com-
age XO of optically selected QSO is 0.3, with a standard d@!etely blocked, or strongly reduced in these objects, unlike the
viation of 0.4, using the ASCA and BeppoSAX fluxes (Georgé-ray light. Indeed, the opticaR band light of these objects
et al. 2000; Mineo et al. 2000) of 35 PG QSO. Theatence is dominated by the host galaxy and therefo¢€ is roughly
in the average is due to the fact that optical selection produ@e#atio between the nuclear X-ray flux and the host galaxy
a tail toward low XO: ~15% of the optically selected QSO arestarlight flux While the X-ray luminosity of these objects spans
very X-ray faint, see Laor et al. (1997), having®X < 0.1, about4 decades, the host gald&gand luminosity has a mod-
against~1% for the broad line AGN in the combined sample.erate scatter, less than one decade, around the mean value of

1 . .
The right panel of Fig. 5 shows the X-ray to optical flux101 Lo, rather independent of redshift

ratio as a function of the X-ray luminosity for optically ob-

scured AGN. There is here a striking correlation betwefd X 5 2. Statistical predictions for the unidentified sources
andL,_19 kev: higher luminosity AGN tend to have highef®&.

The solid diagonal line in the panel represents the best linear¥ée can now use the fractions of obscured to unobscured ob-
gression between log(®) and logL,_1o kev (a least square fit jects in Table 3 and the correlations in Fig. 5 to predict the
gives a slope slightly flatter that this regression). A very similduminosities, and therefore the redshifts, of the sources in the
correlation is obtained computing the ratio between the X-rapmbined sample without optical spectroscopic identification.
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The procedure is as follows: the sources without redshifts are| ‘ ‘ 1

divided in the same bins of® and fluxes as in Tables 2 and 30 |-
(the few lower limits on XO have been conservatively consid- | 1
ered as measurements); next they are picked randomly accord
ing to the ratios in Table 3 to belong either to one or the other
class. For the lower flux, )O > 10 bin, for which we do not gg |- % -

have information, we use the same ratio as in th©X 10, L
higher flux bin. For those falling among the optically obscured | [
AGN we associate to each source a luminosity according to |
its X/O value and the linear regression drawn in Fig. 5 right
panel (we note that these luminosities are slightly lower than
those that would be obtained using the slightly flatter correla- [
tion given by a least square fit, see the previous section). Forg
those falling among the optically unobscured sources we as- 1

sociate to each source a luminosity choosen at random fréfn - INC N
a distribution similar to that of the broad line AGN in Fig. 5 ¢ 1
left panel. From the luminosities we derive redshifts, using the R
sameK correction and cosmology as for the sources with spec- \ i
troscopic (or photometric) redshift identifications. AN § m— N\ NS

0

Because the number of objects with measured redshift inL .. . \ L
the bins with ¥ O > 3 is relatively small and therefore the er-  © 1 . & 4
rors on the ratio between obscured and unobscured objects are Redshift
large, we tested severalfffirent values within the error inter-Fig. 6. The z distribution of the 310 sources in the combined sam-
val. The spread introduced in the redshift and luminosity digle. Shaded histogram distribution of the spectroscopically iden-
tributions by these uncertainty is smaller than 10%. tified sources (70% of the sample). Solid histogranfull sample.

Thez distribution of the 310 sources in the combined sanm€ luminosity and the redshift of the sources without a spectroscopic

ple is plotted in Fig. 6 while thedistribution of the 132 Sourcesredshift have been estimated using the correlation in Fig. 5, and the
in the combined sample With_10 kev < 10-14 erg em2stis fraction of obscured to unobscured sources in Table 3, see Sect. 5.2
— e

A : . for,details. The black thick line represents the expectation of the AGN
plotted in Fig. 7. The histograms of the sources with measurggwthesis models of the CXB (Comastri et al. 2001), folded through

redshift in Fig. 7 show a sharp decreasg .at 1.2 (similar re-. the appropriate sky-coverage, where unobscured and obscured AGN
sults are presented also by Franceschini et al. 2002; Hasingg# the same pure luminosity evolution.

2003). When the sources with an estimated redshift are added,
the peak of the redshift distribution at~ 1 is confirmed, but
the decrease above this redshift is less sharp, thus suggestingevaluation of the luminosity function and its integrals (be-
that this feature in the distribution of the sources with spectreause th& correction is, roughly, a power law function of the
scopic redshift is enhanced by the incompleteness of the optieaishift). To evaluate the magnitude of the systematic uncer-
identification (in particular at high )O values, see Table 2). tainties on the luminosities and on number and luminosity den-
sities at higtz due to this bias we performed a number of dedi-
cated simulations assuming a Gaussian distribution of spectral
indices witho(ag) = 0.2, about the value found for samples
We have used the combined sample of 310 hard X-ray selectddGN bright enough to allow reliable spectral indices deter-
sources, plus 66 sources from the HEAO1 A2 all sky survegyinations through proper spectral fittings (see e.g. Mineo et al.
(Grossan et al. 1992) with,_19 kev > 2x 107 ergcnm? s71,  2000; George et al. 2000). We find that the number and lumi-
to compute the evolution of the number density and of the Xosity densities at > 1-2 obtained assuming a fixed spec-
ray luminosity density. We have adopted the stand#,dx tral index are higher than those obtained assuming a Gaussian
method (Schmidt 1968; Lilly et al. 1995; Cowie et al. 2003distribution by 8-10% at most. This is smaller than both the
While it is well known that this method is not free from biasestatistical errors and the other systematic errdiiescéing such
(the main one is that it does not take into account for evoluti@@mputations (see Sect. 5.2). In the following we present the
within eachL andz bins), it is robust enough to derive genfesults obtained using a power law spectrum withfixed to
eral trends (see e.g. Cowie et al. 2003), which is the purposéd and reduced at low energy by photoelectric absorption.
this paper. A more detailed computation of the evolution of the We have computed the evolution of both the number den-
luminosity function using a maximum likelihood method is desity of hard X-ray sources and of the 2—-10 keV luminosity den-
ferred to a future publication (La Franca et al., in preparatiorsjty in three bins of luminosities: 4% log L(2-10) < 44,

44 < log L(2-10) < 445 and 445 < log L(2-10) < 46.

We are well aware that adopting a fixed “average” spectifiéigure 8 plots the evolution of the number density for these
index to compute th& corrections is likely to introduce a biasthree luminosity bins. We emphasize that the value for the
in both the luminosity distribution and the distribution of the = 2-4, logL(2-10) = 43-44 bin is actually a lower limit,
maximum volume allowed at each flux limit, which wilffact because at our flux limit the objects with Ib{—-10) < 435

6. The evolution of hard X-ray selected sources
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Redshift Fig. 8. The evolution of the number density of hard X-ray selected

sources in three bins of luminosity: Idg._19 kev = 43-44 erg s* =

Fig.7. The z distribution of the 132 sources Wwith,_jokev < empty squares; 10§, 10 ey = 44-44.5 erg & = empty triangles:
10 erg cnt? s1. Shaded histograre distribution of the spectro- log Ly_10 ev > 445 erg s! = filled circles. Note that the = 2—

scopically identified sources (53% of the sample). Solid hlstogfam4 logL(2—10) = 43-44 bin is a lower limit, see the text for details.
full sample. See Fig. 6 for details. Dashed lines represent lower limits obtained using only the sources
with measured redshift, see the text. The solid continuous curve rep-

resents the evolution of optically selected QSO more luminous than
are not accessible at> 2. In addition, if only the sources with \y, = —24. Note as the shape of the solid curve is similar to the evo-

ameasuredare considered, we obtain the lower limits pIottedmon of the luminous X-ray selected sources.
as dashed lines in Fig. 8. We see that the number density of
lower luminosity AGN increases between= 0 andz = 0.5

by a factor~13. It stays constant up to~ 2, while at highez ~
we cannot obtain a reliable estimate of the number density f&r y § |

the reason explained above. Conversely, the number densitﬁof i & )
luminous AGN increases by a facted 00 up toz = 2 and by \ i ‘ = '
a factor~170 up toz ~ 3. The last behaviour is similar to thatg -
of luminous Mg < —24) optically selected AGN (Hartwick & 0 % o 1

Shade 1990), solid thick line in Fig. 8.
The diferent evolution of low and high luminosity sourceS’
is confirmed if we consider the sample of the identified sourcg
only.
Figure 9 plots the evolution of the hard X-ray Iuminosityo 10-6 S !
density. We see that the luminosity density of lower Iummosﬁy
AGN increases fronz = 0 toz ~ 1.5 by a factor 0f~18, while <

1044

ens

®logl,>44.5

that of high luminosity AGN increases up to= 2 by a factor &
~100 and up ta ~ 3 by a factor~170. o i )f ]
= . ,
‘ ‘  Dlogly=43-44
. . . 10—7 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 |
7. Discussion and conclusions o | 5 3 1
We have obtained optical photometry and spectroscopy of a Redshift

sample of 122 sources detected in the 2-10 keV bandFiy.9. The evolution of the luminosity density of hard X-ray selected
five XMM-Newton fields of the HELLAS2XMM serendipi- sources in three bins of luminosity: dg_;o kv = 43-44 erg st =

tous survey. The number and luminosity density of AGN ugmpty squares; lo§1> 10 kev = 44—44.5 erg 3 = empty triangles;

to z ~ 3 is derived by combining ours with other samples froneg Lo 10 kev > 445 erg s* = filled circles. Note that the = 2—
deeper Chandra and XMM-Newton surveys (CDFN, SSA13,logL(2-10) = 43-44 bin is a lower limit, see the text for details.
Lockman Hole). The approach is rather similar to that fonowéaashed lines represent lower limits obtained using only the sources
by Cowie et al. (2003), based on a combination of the CDF{th measured redshift, see the text.
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and a ROSAT sample. There are, however, significafieidi presented in Comastri et al. (2001), where unobscured and ob-
ences, hence, before discussing the results, we wish to stmssed AGN, in a fixed proportion, share the same, pure lu-
the major asset contributed by our medium-deep survey.  minosity cosmological evolution. Figure 7 in particular shows
About 20% of the sources in our sample show an X-ray tbat this model predicts a much broader peak betweef and
optical flux ratio ten or more times higher than typical of optiz = 1.8, falling short of the observed distributionak 1 and
cally selected AGN. A similar fraction of high/® hard X-ray demanding for a slightly higher number of objectz at 1-2.
selected sources is also present in deeper Chandra and XNMle agreement is instead rather goodzat 2. The contrast
Newton surveys (CDFN, CDFS, Lockman Hole). At the fluxloes not appear as dramatic as, e.g., in Franceschini et al.
limit of the HELLAS2XMM 1dF sample several sources with(2002) and Hasinger (2003), but is telling us that at least one of
X/0 =z 10 have optical magnitudés= 24-25, bright enough the main assumptions, namely the pure luminosity evolution,
for reliable spectroscopic redshifts to be obtained with 10 which tends to broaden the peak, is not supported by the data,
class telescopes. Indeed, we were able to obtain spectroscapidefinitely shown by the next step.
redshifts and classification of 13 out of the 28 HELLAS2XMM  The evolution of high luminosity AGN (Iodio_10 kev >
1dF sources with XO > 10: the large majority of these source€4.5 erg s?) in Figs. 8 and 9 rises monotonically from= 0
are type 2 QSO0, i.e. high luminosity (Idg_10 kev > 44), nar- to z ~ 3 (quickly fromz = 0 toz = 1.5 and then more grad-
row line AGN atz = 0.7-1.8. ually above this redshift). Their number and luminosity densi-
Conversely, at the 10 times lower fluxes probed by ultra-ties increase by more than two orders of magnitudes, similar
deep Chandra and XMM-Newton surveys the optical matp those of the high luminosity, optically selected QSO (e.g.
nitude of the sources with )O 2 10 is R 2 27, not Hartwick & Shade 1990). By contrast, the low luminosity AGN
amenable at present to optical spectroscopy. Indeed only 9 fat Lo_10 kev = 43-44 erg s?) rise by a factor of 15-20 only,
of the 53 sources in the combined sample Withioev < Uuptoz~ 0.7, and stay about constant upze: 2. The dashed
10 % ergcn? st and X/O > 3 have spectroscopic redshiftdines in Figs. 8 and 9 are lower limits computed using only
(and 1 among the 23 sources withX > 10, see Sect. 5 andthe sources with spectroscopic (or photometric in three cases)
Table 2). This limitation leads to a strong bias in ultra-deepdshifts. The limits are very close to the points ugte1, in-
Chandra and XMM-Newton surveys against AGN highly oldicating that up to this redshift our determination of the number
scured in the optical, i.e. against type 2 QSO. In fact, onlyahd luminosity density of both high and low luminosity AGN
type 2 QSO have been identified in the CDFN sample usedisnvery reliable. Foz > 1 and loglLo_10 kev = 43-44 erg st
this paper (and 6 in the CDFS sample, Hasinger 2003). the limits are much lower than the points, which are mostly
This bias renders the ultra-deep surveys alone inadequatesgighted by our statistical estimates. We note that points and
sample properly the redshift distribution and luminosity fundewer limits in each luminosity bin of Figs. 8 and 9 are, by
tions. To partially (or preliminarly) overcome this problem, weonstruction, alindependentwhich make them easier to com-
have used the results obtained at higher X-ray (and opticp8re, unlike the upper limits in Fig. 4 of Cowie et al. (2003).
fluxes for the HELLAS2XMM 1dF sample to derive, with alf our redhift estimates are correct, the number density in the
statistical approach, an estimate of the luminosities, hencelad L, 10 kev = 43-44 erg s bin is maximal in the range
the redshifts, of the sources in the combined sample withaut= 0.5-2 and stays higher than that of the sources with
optical spectroscopic identification. The approach is based @y Lo_10 kev > 44.5 erg s* up toz = 3—4 (similarly to what is
a) the fraction of optically obscured to unobscured AGN fourfdund in soft X-ray selected AGN, Hasinger 2003). The lumi-
at Fo_igkev > 107 ergent? st and X/O > 3; and b) the nosity density az < 1 is dominated by low luminosity AGN,
strong correlation found between the X-ray to optical flux ratiwhile (within the large statistical error bars and the uncertainty
and the X-ray luminosity in obscured AGN (see Fig. 5b). It iassociated with the assumptions made in assigning a redshift
worth noting that the X-ray to optical flux and luminosity ratiosvhen not directly available) & > 1 those of low and high
of non broad line AGN might therefore be used to investigaligminosity AGN are comparable, and similar to that of low lu-
and constrain the relationship between the supermassive bladkosity AGN atz = 0.5-1.
hole masses andtiiency of accretion, and bulge optical lu-  All these results are qualitatively in agreement with those
minosity (e.g. Gebhardt et al. 2000). This is beyond the scopletained by Cowie et al. (2003). Quantitatively, we note that the
of this paper and will be matter of a follow-up publication. integrated luminosity density we derive is higher than the value
The combined sample of 310 sources (70% with robugiven by Cowie et al. (2003), although within their uncertainty.
spectroscopic redshifts and 30% with luminosities and rede obtain for loglL,_10 kev > 43 46 x 10°° erg s Mpc~2 at
shifts assigned statistically) was then used to derive the red= 0.1-1 and 5% x 10*® erg s Mpc™3 atz = 2—4, against
shift distribution and the cosmological evolution of the number2 x 10*° erg s* Mpc~3, with a factor of~3 uncertainty, in
and luminosity densities of accretion dominated, hard X-r&owie at al. in both redshift bins. This is probably due to the
selected sources. different prescriptions in computing luminosities (Cowie et al.
The redshift distributions in Figs. 6 and 7 show a clear pe&K03, do not correct for intrinsic absorption), and to the fact
atz = 1, but, when the objects with the “estimated” redshifthat deep but small area surveys probe mostly the flatter, low
are included, the drop abowe= 1.2 is rather smoother thanluminosity end of the AGN luminosity function a& < 1-2,
in the plots shown in Franceschini et al. (2002) and Hasingehile larger area surveys, like the HELLAS2XMM 1dF sam-
(2003). The solid thick curves in Figs. 6 and 7 represent the gle, push the AGN selection to 3—-10 times higher luminosi-
pectations from the baseline AGN synthesis models of the CXiBs (at each givem < 1-2, see Fig. 3), up to and abote,
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which identifies the break in the luminosity function, whergshotometric and spectroscopic follow-up, both at relatively
abouts most of the contribution to its integral comes from. Wgh (Fo_10 kev > 107 erg cnt? s1) and low Fo_10 kev =
note that following the same reasoning of Cowie et al. (20035 x 107 ergcnt? s1) fluxes. For example, in the
and assuming a constant integrated luminosity density evoHELLAS2XMM 1dF sample there are some thirty “optically
tion, we would find a present universal supermassive blaskscured” AGN: 100-150 sources of this type would bi@-su
hole density of 45 x 10° M, Mpc~3, about 2—-3 times higher cient to adequately figure their luminosity function over 2—3 lu-
than that estimated by Cowie et al. (2003), but consistent witfinosity dex and a few redshift bins. This is the goal of the ex-
both that measured from the intesity of the CXB (Fabian et &nsion of the optical follow-up of the HELLAS2XMM survey
1999; Elvis et al. 2002; Fabian 2003) and from local galaxiésom 1 to 4 square degree, which should allow us to contrast the
(Gebhardt et al. 2000; Ferrarese & Merrit 2000). luminosity function of obscured and unobscured AGN, and to
The qualitative picture emerging from both observationatudy their dfferential evolution up ta ~ 2. On the other hand,
data and theories of galaxy and AGN evolution is intriguhe ultra-deep but small area CDFN survey has provided so far
ing. The evolution of luminous AGN is strong up to at leasinly 6 AGN more luminous thatlo,_10 kev = 44 atz > 3 and
z=2-3 and, as suggested by e.g. Franceschini et al. (1999) &catz > 2 (Cowie et al. 2003). Note that all of them have flux
Granato et al. (2001), may follow the evolution of spheroid&10-%° erg cnT? s71, suggesting that the mosfective strategy
Powerful AGN are likely to be present in these massive galaw-find high luminosity, higle AGN consists in increasing the
ies. Furthermore, the radiation and the strong winds produca@a covered at, 19 kev = 1-5 x 107 erg cnt? s71, rather
by these active nuclei may help inhibiting the star-formatiathan pushing the depth of the survey. Observifig5 square
in these galaxies, which therefore would have red colodegrees of sky (roughly 10 times the area covered by the CDFN
Intriguingly, Mignoli et al. (2003) find a strong correlationsurvey) at the above flux limit, would roughly increase by a
between theR — K color and the XO ratio for a sample of factor of 10 the number of high objects, a feasible program
HELLAS2XMM 1dF sources. Moreover, all the 10 sources iwith a reasonable amount of observing time. The related is-
the Mignoli et al. sample with XO > 10 haveR—- K 2 5, i.e. sue of obtaining redhifts is more complex, because the opti-
they are all Extremely Red Objects. cal counterparts of a large fraction of them will be too faint
On the other hand, the number and luminosity densitiesfof optical spectroscopy. The alternative will be accurate multi-
lower luminosity AGN evolve up t@ = 1 and possibly de- band optical to near infrared photometry, in order to obtain re-
crease ar > 2. A similar behaviour is observed in galaxies itiable photometric redshifts through the comparison of the ob-
which the star-formation is ongoing (Lilly et al. 1995; Madagerved Spectral Energy Distribution with templates of galaxy
et al. 1996, 1998; Fontana et al. 1999). A link between the fand AGN spectra.
mation and evolution of galaxies and the growth and light-up
of supermassive black holes in their nuclei has been inve%i-
gated in more detail by Cavaliere & Vittorini (2000) and by eferences
Menci et al. (2003) in the framework of bottom-up models: thekiyama, M., Ohta, K., Yamada, T., et al. 2000, ApJ, 532, 700
latter authors were able to reproduce rather naturally the stéégxander, D. M., Brandt, W. N., Hornschemeier, A. E., et al. 2001,
evolution which is observed in the highly luminous quasar pop- AJ, 122, 2156
ulation. Menci et al. (2003) compare their model with the lumBaldi, A., Molendi, S., Comastri, A., et al. 2002, ApJ, 564, 190
nosity function and the number densities of luminous opticalRanse; K., Crane, P., Grosbol, P., et al. 1983, The Messenger, 31, 26
selected quasars only (since little is know about the evolutiGATcons. X., Carrera, F. J., Watson, M. J., etal. 2002, A&A, 382, 522
of low luminosity, optically selected AGN, because standaﬁfr%zri%égow'e’ L., Mushotzky, R. F., & Richards, E. A. 2001, AJ,
color techniques cannot be used when the nucleus luminogity . "s "coie, L., Brandt, W. N., et al. 2002, AJ, 124, 1839
is similar or sma}ller 'Fhan the host galaxy Iur_’nlnosny): The Mertin, E., & Arnouts, S. 1996, AGAS, 117, 393
sults presented in this paper about thigedential evolution of g4t W, N.. Alexander, D. M., Hornschemeier, A. E., et al. 2001,
high and low luminosity X-ray selected AGN can therefore pro- a3 122, 2810
vide additional and more tight contraints to hierarchical clustesrusa, M., Comastri, A., Mignoli, M., et al. 2003, A&A, 409, 65
ing models. This will be matter of a future publication (MencCavaliere, A., & Vittorini, V. 2000, ApJ, 543, 599
et al., in preparation). Cowie, L., Barger, A., Bautz, M. W., Brandt, W. N., & Garnire, G. P.
It is clear that while the general trends are rather ro- 2003, ApJ, 584, L57
bust (several independent analyses converge to the simfi@mastri, A., Setti, G., Zamorani, G., & Hasinger, G. 1995, A&A,
qualitative results) the number of X-ray sources with iden- 2961 o
tified redshift is still far too small to derive accurate quarizomastri. A., Fiore, F., Vignali, C., etal. 2001, MNRAS, 327, 781
titative information about the fierential AGN evolution S°mastri. A., Mignol, M C'“eg'Z P etal. 20021 ApJ, 571, 771
. . Della Ceca, R., Castelli, G., Braito, V., Cagnoni, I., & Maccacaro, T.
at z = 2-4. Furthermore, the sample sizes are ifisient

- : 1999, ApJ, 524, 674
to attempt deriving the evolution of obscured AGN sepas .« M Risaliti G. & Zamorani. G. 2002 ApJ, 565, L75

rately from that of unobscured AGN, so that key questionRSpian A c. & Ilwasawa. K. 1999. MNRAS. 303. L34

such as whether they are similar or not, and whether thgyian, A. C. 2003, Carmegie Observatories Astrophysics Ser., vol. |,
amount of obscuration is or not related to the luminosity re- ed. L. Ho. (Cambridge University Presa)sftro-ph/0304122]

main open. The above limitations can be overcome by incre&srrarese, L., & Merrit, D. 2000, ApJ, 539, L9
ing the area covered in X-ray surveys and their optical-NIRore, F., La Franca, F., Giommi, P., et al. 1999, MNRAS, 306, L55
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