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Abstract. The synthesis model for the cosmic X-ray backKAGNS), where the orientation of a molecular torus surround-
ground (XRB) —based on the integrated emission of Activeg the nucleus determines the classification of the source. At a
Galactic Nuclei (AGNs)- is complemented with new observaeroth—order approximation level, sources observed along lines
tional results. We adopt the most recent estimates of the AGRsight free from the torus obscuration should have unabsorbed
X—ray luminosity function and evolution. We adopt the colX-ray spectra and optical broad lines (type 1 AGNs), while
umn density distribution of type 2 AGNs observed in the locaburces seen through the torus should have absorbed X-ray
Universe, instead of describing it as a set of free parametesgectra and appear as narrow line objects in the optical (type
We maintain the standard assumptions that type 2 AGNs h&AGNs, e.g. Seyfert 2 galaxies).
the same luminosity function —apart from a constant factor— In this framework type 2 AGNs provide a natural class of
and the same evolution of type 1s, and that the spectral shagmsrces with X—ray spectraflattened by absorption. The intrinsic
of both types are independent of redshift. We explore varioXsray luminosity function (XLF) of type 2 objects is unknown
parametrizations of the data, and in all cases we find that #red has been usually assumed to be the same as the one derived
XRB can be fitted, but the number density ratio of type 2s for type 1s (e.g. Boyle et al. 1993), apart from a normalization
type 1s must be higher than the local value, and/or the hdadtor. The cosmological evolution has also been taken identi-
X—ray counts in the 2-10keV band and the preliminary Bepal for type 1s and type 2s. Under these assumptions it has been
poSAX counts in the 5-10keV band are underestimated aslzown that the broad band 3—-100 keV spectrum of the XRB
level of a fewo. These results consistently suggest that typecan be reproduced by an appropriate mix of unabsorbed and
AGNs could undergo a faster evolution than type 1s, or oth&bsorbed AGNs (Matt & Fabian 1994; Madau et al. 1994; Co-
sources with hard X—ray spectra might contribute to the XRfRastri et al. 1995, hereafter Co95). The number r&tiaf type
at intermediate or high redshifts. 2 to type 1 objects, as well as the distribution of the absorbing
column densitiegVy, are key parameters of the models; these
Key words: galaxies: Seyfert — cosmology: diffuse radiation have been assumed to be independent of redshift and of intrin-
X-rays: galaxies sic source luminosity, and have been treated as free parameters
in the fitting procedure. Since the overall parameter space of
the models is quite large and a good fit to the XRB can be ob-
tained with different set of values, it is important to compare
the model predictions with the largest number of observational
The cosmic X-ray background (XRB) above 1keV is the constraints. Indeed, Co95 showed that the source counts in the
result of the integrated emission of discrete sources, since §18-2 keV and 2—-10keV energy bands, as well as the redshift
contribution of any intergalactic hot medium must be negligiblgistributions, could successfully be reproduced by their model.
(Wright et al. 1994). In the soft X-ray band from 0.5 to 2keV  very recently an additional set of observational constraints
the largest fraction of the XRB has already been resolved iri@is become available. Deep surveys from ROSAT have extended
sources (Hasinger et al. 1998), most of which turned out to bgr knowledge to the low luminosity part of the AGN XLF
broad line active nuclei (Schmidt et al. 1998), i.e. Quasi Stellg¥liyaiji et al. 1999a, hereafter Mi99a). Contrary to previous re-
Objects (QSOs) and Seyfert galaxies of type 1. The spectrasgfts (Boyle et al. 1993; Page et al. 1996; Jones et al. 1997)
these sources are however too steep to reproduce also the Basdre luminosity evolution (PLE) of AGNs with redshift is
XRB at several tens of keV, where the bulk of the energy reside longer consistent with the data, and a luminosity dependent
and a population of objects with flatter spectra is therefore rigensity evolution (LDDE) is required. From the X—ray data of
quired. an optically selected sample of Seyfert galaxies Risaliti et al.
The most popular synthesis models of the XRB are basg®99) have determined théy; distribution for local Seyfert 2
on the so—called unification schemes for Active Galactic NUCI@-Maxies, pointing out that a significant fraction of sources have
Send offprint requests 1&. Gilli columns exceeding/y = 10%° cm=2 and are therefore com-
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pletely thick to Compton scattering. Theratio between type accretion disc produces most of the line and hump, Nandra et al.
2s and type 1s has been determined in the local Universe fb®97b) ascribe these differences to a higher ionization state of
low luminosity AGNs, i.e. Seyfert galaxies (Maiolino & Riekethe disc in higher accretion rate sources, so that in QSO 1s the
1995), while the existence of a relevant number of high lunmspectral features due to photoelectric processes are quenched.
nosity absorbed sources, the so—called QSO 2s, which is a b&cently, Vignali et al. (1999) have derived a mean spectral
assumption of previous models, is still uncertain (Akiyama et alope of (o) = 0.67 + 0.11 from a sample of 5 QSO 1s at
1998). An observational constraint to the QSO 2 number deedshifts above 2. Although the statistics is poor, this result
sity can be obtained from the infrared source counts. Indesgems to suggest that the spectra of high redshift QSOs are
QSO 2s are expected to have strong infrared counterparts, siitettéer than those of local ones.
the dust presentinthe torus should re—emitin the IR band the nu-In Sey 2 galaxies the power law is cut off by photoelec-
clear radiation absorbed by the gas. The ultraluminous infrareid absorption at energies increasing with the column density
galaxies (ULIRGS) discovered by IRAS are the only local olwf the intercepted torus. For highly absorbed objects the X-ray
jects with QSO-like bolometric luminosities (Soifer et al. 1988uminosity may be dominated by that fraction of the nuclear
Kim & Sanders 1998). Thus, even if all ULIRGs were powereghdiation which is reflected off the torus surface towards the
by a hidden AGN, the local QSO 2s could not be more numerbserver. WhenVyg > 102° cm~2 the obscuring medium is
ous than ULIRGs. Finally, source counts in the 5-10 keV bardmpletely thick to Compton scattering and the spectrum is a
have been derived for the first time by the BeppoSAX satelliprire reflection continuum as described by Lightman & White
with the HELLAS survey (Giommi et al. 1998; Comastri et al(1988), with a 2—10 keV luminosity about two orders of mag-
1999). nitude lower than that of Sey 1s (Maiolino et al. 1998). On the
In the present paper we test the standard synthesis modeldatrary, whenVy < 1024 cm~2 the medium is Compton—thin
verify if it remains compatible with the new data. These datand the spectrum is dominated by the component transmitted
leave still some latitude to important parameters of the modtirough the torus. In the rangé?* < Ny < 10%° cm~2 both
and various choices are possible to fit the XRB equally wed.transmitted and a reflected component contribute to the ob-
However, in all cases we find moderate but consistent eviderssgved luminosity, the Circinus galaxy (Matt et al. 1999) being
that at least some of the standard assumptions have to be relaaggpical example. Also Sey 2 galaxies often have soft emission
extra hard spectrum AGNs are needed at intermediate or higkexcess of the absorbed power law (Turner et al. 1997). These
redshifts, in addition to those expected in the usual scenario. Hudt excesses are however two orders of magnitude weaker than
additional sources could be analogous to local Seyfert 2s, if thpse of Sey 1s of the same intrinsic luminosity and their nature
evolve faster than type 1s, or they could be other astrophysiisastill unclear (probably scattered or starburst radiation).
sources not yet enlisted among the contributors to the XRB. We

discuss the observations which could distinguish between t£1§ The XLF and cosmological evolution

alternatives.

Throughout this paper the deceleration parameter and ffge most recent results about the AGN XLF and cosmolog-
Hubble constant are given the valugs = 0.5 and Hy = ical evolution have been obtained by Mi99a by combining
50kms~! Mpc—1. data from several ROSAT surveys. Down to a limiting flux of

10~ 15 ergs ' cm~2, reached by the deep survey in the Lock-
2. AGN X-ray properties man Hole, they collected a sample of about 670 sources, which

is the largest X—ray selected sample of AGNs presently avail-

able. The local XLF is described with a smoothed double power

After the observations of X—ray satellites like GINGA, AScAaw of the following form:

and BeppoSAX, different components have been recognized d®(Ly)

in the X—ray spectra of AGNSs. Starting with Sey 1 galaxie®(Lx) = =
. . . : dlogLy

the basic component is a power law with energy spectral index

a ~ 0.9 (Nandra et al. 1997a) and an exponential cut off at higihere L, is the observed 0.5-2 keV X-ray luminosity, rang-

energies. A mean value for thefolding energy can probably being from 104%7 to 10*" ergs!. The best fit values for the

set at~ 300 keV, although the observed dispersion is very higtosmology adopted here aret = (1.57 + 0.11) x 1076

(Matt 1998). Some of the primary radiation is reprocessed Mpc—2, L. = 0.57703% x 10* ergs™, 1 = 0.68 + 0.18

an accretion disc and/or the torus around the nucleus, producimgly, = 2.26 £ 0.95.

a flattening of the spectral slope abovel0 keV, and a strong The XLF has been found to evolve from redshift O up to

iron line at 6.4 keV (Nandra & Pounds 1994). Below 1-1.5ke¥,,; = 1.51 £ 0.15, with an evolution rate which drops at low

a radiation excess with respect to the power law emissionlugninosities according to the factor:

detected in a large fraction of Sey 1s (sometimes resulting from {

2.1. The spectra

= A [(L/T)™ + (L/L)2]

max(0,pl—a(log L,—log Ly
a misfit of the “warm absorber” component). e(z,Ly) = 8 I 2]01 (pimaos B é" i é“ _
The spectrum of QSO 1s is similar to that of Sey 1s, but =
there is no evidence for the iron line and the reflection hunerepl = 5.4 + 0.4, « = 2.3 £ 0.8 andlogL, = 44.2 (fixed).
to be as common (Lawson & Turner 1997). Assuming that tide X—ray AGNs have been observed at redshifts up+o4.6
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and there is no evidence for a decline in their space densit)P‘E’
beyondz ~ 3, unlike what is found in optical (Schmidt et al.
1995) and radio surveys (Shaver et al. 1997).

We note that the XLF parametrization of Mi99a is a prelim-
inary result and is not a unique representation of the ROSAT
data. The extrapolation of the high redshift XLF into the low g 2
luminosity range, where few data are available, is not well con-
strained. Indeed, the number of low luminosity, high redshift 0.1
AGNs could be higher than the Mi99a representation (Hasinger
et al. 1999). Another cause of uncertainty is the possible prégs- 0
ence of type 2 AGNs in the Mi99a sample: unlike previous
works, where only (optical) type 1 AGNs were included, Mi99a
do not discriminate between type 1s and type 2s; some of th%
latter could then appear in the ROSAT bandpass because of their
soft excesses and, for sources at high redshifts, because of t
K—correction. Objects with type 2 optical spectra are relatively
rare in the ROSAT sample (Hasinger et al. 1999). As for the
X-ray spectral type, within any given model the raw counts can
be corrected for the contribution of the absorbed sources, and o
these can be subtracted from the XLF: in the following we con-
sider also this approach, and investigate the robustness of our
conclusions with respect to the correction. In general, the cortgg. 1a and b. The normalizedVy distribution in Sey 2 galaxies de-
spondence between optical and X—ray spectral classificatiomived by Risaliti et al. (1999) (Pana), compared with the distribution
broadly verified in the local Universe, albeit with some blurringssumed by Co95 (Pari®l The shaded area represents the fraction of
(see Sect. 2.3); at high redshifts the question is still unsettlegources for which only a lower limit of Iagw > 24 is available.

Previous works about the XLF of AGNs used a PLE model
both in the soft X rays, by combining observations from ROSAT
and Einstein (Boyle et al. 1993, 1994; Jones et al. 1997), and
in the hard X rays from ASCA data (Boyle et al. 1998a). "32411t0£linagreenuﬂanththeresuhsokaﬂeﬂnock&JMaF
the Mi99a data the fit with a PLE model is rejected with a higi¢! (1993) and, more recently, Ho et al. (1997).
significance. A pure density evolution model is marginally re- Fromthe Maiolino & Rieke sample Risaliti etal. (1999) have

jected, and LDDE models are preferred, even if several variafigyived a distribution of X—ray column densities for Sey 2s. The
are still being discussed. selection of the sample by means of optical narrow emission

lines, rather than in the X-rays, should avoid biases against
X-ray absorbed sources. It turned out that most of the sources
are affected by strong absorption,75% of the objects having
In the local Universe 5-10% of the galaxies show Seyfert actid¥x > 10%* cm~2. Furthermore, a significant fraction of sources
ity (Maiolino & Rieke 1995; Ho, Filippenko & Sargent 1997).(> 25%) are absorbed by > 10?° cm2. Their results are
From a sample of 90 nearby Seyfert galaxies limited in the Bshown in Fig. 1 and compared with th&; distribution assumed
magnitude of the host galaxy, Maiolino & Rieke (1995) derivelly C095.
an estimate for the local ratif of type 2 to type 1 Seyferts.  In the limited luminosity range of Seyfert galaxies Risaliti
From our point of view Seyfert types 1.8, 1.9 and 2, whic8t al. (1999) did not find evidence of a correlation between ab-
have flat X—ray spectra due to absorption by cold gas, can3seption and luminosity. In the wider luminosity domain which
grouped as type 2 objects, while types 1, 1.2 and 1.5, whigtgludes the QSOs the evidence is contradictory. Recent results
have steep X—ray spectra without significant cold absorptifiem the IRAS 1-Jy survey (Kim & Sanders 1998) show that
(Nu < 102! cm~2), can be grouped as type 1s. Here it is notdie space density of ULIRGs ats 0.1 is similar to that of op-
that the relation between Seyfert type and X—ray absorptiortigally selected QSOs of comparable bolometric luminosity. By
not univocal. By observing with ROSAT the complete sampRonsidering that the number of obscured QSOs cannot exceed
of Piccinotti et al. (1982), Schartel et al. (1997) showed thatt@t of ULIRGs, and assuming that every ULIRG is powered
least a fraction of type 1 AGNSs suffer from X—ray absorption b§nly by nuclear activity, we can set a conservative upper limit
more thanNy = 102! cm~2. However this fraction (grouping Of 2 to the R ratio at high luminosities. The actual value of
Seyfert 1, 1.2 and 1.5) is only 20%, and on average tigir 2 might be significantly lower. Indeed, there is evidence that
does not exceeti022 cm—2. The inclusion of some moderate-the fraction of AGN—powered ULIRGs decreases from 50% for
absorption type 1s should not change significantly our result§? luminositiesLig 2 1.7 x 10" ergs™! to 15% below this

By considering Seyfert types 1.8, 1.9 and 2 as type 2s, avlue (Lutz et al. 1998), the remaining ones being dominated
Seyfert types 1, 1.2 and 1.5 as type 1s, Maiolino & Rieke fouly starburst activity.

0.4 a)

0.4

22 23 24 25
log[N,(cm™3)]

2.3. The number and column densities of local type 2 AGNs
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3. The model in the QSO spectra: this is against the evidence at low redshifts,
but mimics the harder power law seen at high redshifts (Vignali
3.1. The XRB spectrum et al. 1999), where most of the XRB is produced. If anything,
Our models are completely analogous to those of the candiis assumption tends to reduce the need for additional hard
ical lineage, the only differences arising from updated inp@pectrum sources, thus strengthening our results.
parameters. A key set of such parameters is the one referringSey 2 spectra have been computed for different amounts
to the XLF and its cosmological evolution, and for model A®f intrinsic absorption (log/y=21.5, 22.5, 23.5, 24.5, 25.5) to
we adopt the results of Mi99a. Strictly speaking, the XLF afover all the observed column densities. In the Compton thin
Mi99a refers to the observed 0.5-2 keV luminosities and coulegime the adopted spectrum is that of Sey 1s with a photoelec-
be considered as the 0.5-2 keV XLF in the rest frame only byc cut off and a lower amount of disc reflectiofy,(= 0.88,
assuming simple power law spectra with energy index 1  C095). In this regime the component reflected by the torus does
(i.e. zeroK—correction). Indeed, in the rest frame energy rang@t contribute significantly to the observed radiation (5% at
seen by ROSAT at different redshifts, the spectra of type30keV for logVy=23.5, inclusive of orientation effects). For
AGNSs assumed in our models do not differ significantly frorthe sources with loyx=25.5 we have adopted a pure reflec-
a power law witha: = 1. Since we refer the Mi99a XLF to tion continuum. The normalization of the spectrum is deter-
unabsorbed AGNs, without correcting for the contribution ahined so as to reproduce the contribution of thick tori to the
absorbed AGNs to the ROSAT counts, model A1 might be Hlux of Sey 1s (55% at 30 keV) after correcting for orientation
ased in favor of a soft XRB. We discuss the strength of this biaffects (Ghisellini et al. 1994). This approach predicts that the
in connection with models A2 and B in the following. 2-10keV continuum luminosity of completely Compton thick
The absorption distribution in type 2 AGNs is no longesources is about 2% of the typical luminosity of Sey 1s, in agree-
derived from best fitting, instead it is taken equal to the locaient with the results of Maiolino et al. (1998). A composite re-
one, as measured by Risaliti et al. (1999). The objects for whittacted/transmitted spectrum has been considered for Circinus—
only a lower limit is available N > 10%* cm~2, have been like sources with log/i;=24.5, where the reflected and trans-
assigned to the bih0?* < Ny < 10%° cm™2. mitted components have been normalized in analogy with the
Because of the evidence that tReatio decreases with theprevious cases.
intrinsic luminosity of the AGNSs, at least locally, we introduce We have modeled the soft excess of Sey 2s with a power law
a change with respect to the canonical scenario: the XLFakindex 1.3 and a normalization at 1 keV which is 3% of the

divided in two luminosity regions as follows: primary de—absorbed power law. In analogy with type 1s, the
spectra of QSO 2s —if at all present— are assumed to be identical
#(Ly) = ¢(Lx)e’%§ + ¢(Ly) (1 — e*%ﬁ) 7 to those of Sey 2s. Finally, we have added to the input spectra

an iron emission line at 6.4 keV. Following Gilli et al. (1999) we
with the 0.5-2keV e—folding luminosity set equal to haveconsidered lineswith differentequivalentwidths according
L,=10"-3 ergs!, following Miyaji et al. (1999b; hereafter to the spectral absorption, and have not included the iron line in

Mi99b). The first and second term represent the XLF of Séfye spectra of QSOs.
1s and QSO 1s, respectively, and, apart from the exponential In our model A1 we assum&q, = 0, i.e. we do not in-
factors, are equal to the Mi99a functions as given in Sect. 2¢ude QSO 2s. The Mi99a XLF are integrated in the range
The XLF of Sey 2s and QSO 2s ale andR, times the XLF of 10*" < Ly < 10"’ ergs™! up t0z,,,, = 4.6. The contribution
the corresponding type 1 objects. In this parametrization we cfrflusters of galaxies has been included by considering thermal
explore various hypotheses, including for instance the effectdgmsstrahlung spectra with a distribution of temperatures. We
eliminating altogether the QSO 2s. have adopted the 2—-10 keV luminosity vs temperature relation
Following C095, and the experimental evidence referred @David etal. (1993), and the 2-10 keV X-ray luminosity func-
in Sect. 2.1, we assume that the basic spectrum for type 1 AGH# of Ebeling etal. (1997). The cluster XLF is assumed not to
is a power law with energy index = 0.9 and exponential cut evolve, and is integrated in the rang#” < L, < 10*7 ergs™*
offwith e—folding energys. = 320 keV. Below 1.5 keV the soft UP 102maz = 2.
excess is modeled with a power law of index 1.3. A reflection The overall XRB spectrum resulting from the model is
component from the accretion disc has been included for Seysown in Fig. 2 as a solid line, which is the sum of the contibu-
with relative normalizatiory,; = 1.29 (Co95). Beside the disc, tions of the other labeled curves. Inorder to fit the observed XRB
we have also included for Sey 1s a torus reflection compon&fectrum we need a ratids = 4.2, in good agreement with
which is normalized in accordance with the prescriptions #1€ local value. Above- 1keV, where the XRB is completely
Ghisellini etal. (1994). In type 1 AGNs the relative contributiog@xtragalactic, the model provides a good fit to the data from

1 0, 0, — 24
of the torus at 30keV is 29% and 55% of; = 10 and ! For log Nu=24.5 the effects of Compton scattering begin to be

10%% cm~2, rgspectlvgly. If we assume that the column d,ens'%portant. We have checked the errorintroduced by our approximation
of the torus is approximately the same for all obscured lines g, respect to the MonteCarlo simulations of Matt et al. (1999). The
sight, from the measurell distribution we find that the torus counts remain unaffected, while the model XRB at 30 keV should be
contributes on the average 28% at 30 keV. The same disc aggliced by 10-15%, and even more type 2s should be included in order
torus reflection components of Sey 1s have been included atsmaintain the agreement with the data.
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\/Fig. 3. The predictions of model A1 compared with the source counts

Fig. 2. The fit to the XRB. The data of higher intensity below 6 ke ggserved in the 0.5-2 keV' band by ROSAT. In this and in the follow-

from ASCA .1 hile th keV ; .
are from ASCA (Gendreau et al. 1995), while those above 3ke ar|ng figures, source counts are plottedds x N(> S), whereS, 4 is

compendium of various experiments including HEAO-1 A2 (Grubg, . . 14 I
1992). The solid line is the overall fit while the other labeled curvdle flux in units of10~'% erg s e, The AGN data (squares) are

. —14 —1 —2
represent the contributions of the different classes of sources. Theargggtedlf(r)o_ﬂmggiClu_sger co:;mts (;tars))t_attlol 1?;355 C(T J
diation excess due to the iron line is also shown. ando x ergs cm™ " are from Rosati et al. ( ) and Jones

et al. (1998), respectively. The cluster surface densityl.at x
10~ ergs ! cm~? is adapted from De Grandi et al. (1999). The fluc-

o tuation limits to the total counts (dotted area) are adapted from Hasinger
ASCA (Gendreau et al. 1995) and the compilation of Grubgrggg).

(1992) based on HEAO-1 A2 measurements. The contribution
of the AGN iron line to the model XRB is found to be less than
7% at~ 6.4/(1 + z..) In agreement with the results of Gilli etauthors is likely to be overestimated by20% due to the local
al. (1999) obtained in a different framework (PLE). Clusters alupercluster (C095). As shown in Fig. 4, after the Piccinotti et
galaxies are found to contribute to the model XRB-by2% al. point is corrected by 20%, the model is in agreement with
at 1 keV, in agreement with the results of Oukbir et al. (1997}he data withinlo. On the contrary the disagreement cannot be
solved at fainter fluxes. A§ ~ 2 x 10~ 2 ergs ' cm~2 the
AGN surface density expected in our model is about a factor
of 2 lower than the measurement of Cagnoni et al. (1998). This
We now compare the predictions of model Al with the oleorrespondstoa 20 discrepancy. When comparing the model
served source counts in different X—ray bands. The resultswith the data of the ASCA Large Sky Survey (Ueda et al. 1998)
the soft 0.5-2keV band are shown in Fig.3. The expect#tk discrepancy is even larger.
AGN counts, which are dominated by unabsorbed sources, The situation is worse still in the 5-10 keV band. The only
agree with the data of Mi99a; the expected cluster courdgailable counts in this band are from the HELLAS survey per-
agree with the data of Jones et al. (1998), Rosati et al. (199%9)ymed by BeppoSAX (Giommi et al. 1998; Comastri et al.
and De Grandi et al. (1999). Since the XLF and its evolutiar99). At the flux of~ 2 x 1072 ergs ! cm~2 the observed
are derived from the ROSAT counts, this is no more thansarface density i8.7 4 0.7 deg™2, which is a factor of 4¢ 3¢)
self-consistency check; the slight overprediction at low fluxedove the predictions (Fig. 5).
(~30% at~ 2 x 10~ 15 ergcnt 2 s71) is due to thekk—displaced
type 2 objects, as anticipated previously. .

In the hard 2—10 keV band the predictions of the model ha\?fés' Correction for absorbed sources
to be compared with the results of HEAO-1 A2 (Piccinotti et aDne of the main assumptions of model Al is that the XLF and
1982), ASCA (Cagnoni etal. 1998; Ogasaka et al. 1998; Uedagblution derived by Mi99a refer to unabsorbed AGNs. How-
al. 1998) and BeppoSAX (Giommi et al. 1998). At the flux limiever, as discussed in Sect. 2.2, this is likely not the case. In order
of S ~ 3 x 10~ ergs ' cm~2 Piccinotti et al. (1982) found to evaluate the effects of our assumption, we have computed
that AGNs and clusters of galaxies have the same surface dersitjifferent variant, A2, which adopts the XLF and LDDE of
of 1.1 x 10~3 deg~2. However, the AGN density found by theseMi99b. These authors allow self—consistently within their model

3.2. The X-ray source counts
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Fig. 4. The predictions of model Al (lines are as in Fig. 3) comparegig. 5. The expected counts in model Al (lines are as in Fig. 3) com-
with the hard counts between 2 and 10keV. The open square apared with the 5-10 keV BeppoSAX data (Giommi etal. 1998; Comas-
3 x 10~ ergs ! cm~2 represents the AGN surface density in théri et al. 1999). The open square represents the 20% corrected AGN
Piccinotti et al. (1982) sample corrected by 20% after Co95. ASCaurface density found by Piccinotti et al. (1982), converted into the 5—
data are represented by the filled squares (Cagnoni et al. 1998),kf&eV band. The conversion has been performed by assuming a mean
open circle atv 2 x 10~ ergs ! cm™2 (Ueda et al. 1998) and the of the input spectra of our model, weighted for tNg distribution of

open square at 4 x 10~ '* ergs* cm~? (Ogasaka et al. 1998). Thethe Piccinotti et al. sample (Schartel et al. 1997).

open triangle a% x 10~'* erg s~ cm™? is from BeppoSAX (Giommi

et al. 1998).

XRB; the average spectrum, though, is too soft, and the softness
for the K—correction, and for the absorbed sources which, esiows up in a marginal discrepancy with the XRB spectrum at
pecially at faint fluxes and high redshifts, appear in the ROSAY 40 keV (Fig. 2), and unacceptable discrepancies with the hard
counts; thus the parameters they provide refer to unabsorisednts (Figs. 4 and 5). In the latter model the type 1s account for
sources only. Of course, our model is different from theirs, amaly 30% of the 1-keV XRB, and making up the entire XRB re-
the self-consistency is lost; however, this is likely to be a highguires anRg much larger than the local value; now the average
order effect, and for a first order estimate we can include thepectrum is harder, the shape discrepancy disappears and the
parameters in our computation. The results are shown in Figcéunt discrepancies are reduced (Fig. 6). By extrapolating from
Note that around 1 keV the unabsorbed sources produce 30%hefke two models we can make qualitative predictions on still
the XRB, exactly as in Mi99b. Note also that in order to fit thdifferent parametrizations of the Mi99a sample: for instance,
XRB spectrum aratidis = 13 is now required, which is much models adopting density evolution with a dependence on lumi-
higher than the local value and implies additional hard spectrurasity weaker than Mi99a would predict a type 1 soft X-ray
sources. Since the contribution of type 2s has increased witheentribution higher than 60%, and would miss the hard counts
spect to Al, in order to make up for the reduced contributidoy factors larger than Figs. 4 and 5. Density evolution with a
of type 1s, the mean spectrum of the population producing ttiependence on luminosity stronger than Mi99b (if at all accept-
XRB is harder, and the discrepancies between the model pable) would requireRs > 13, which is already three times the
dictions and the hard counts are somewhat reduced (thoughlooal value.
completely eliminated). The main result of our analysis is precisely this one: no mat-
ter which variant is adopted for the XLF and the evolution, the
models which incorporate the most recent observations within
the standard prescriptions always produce some discrepancy.
The main difference between models Al and A2 is the fractionBthe discrepancy may appear as an underprediction of the ob-
contribution of type 1 AGNs to the XRB; this contribution isserved hard counts, or a type 2 to type 1 ratio higher than the
dominated by objects close to the XLF break at redshifts closbserved local value, but in all cases it points to additional hard
to z..t, @and is not well constrained by the data. In the formepectrum sources at intermediate or high redshifts.
model 60% of the 1-keV XRB is due to type 1s, so the local For the sake of completeness, we present in the Appendix
value of the type ratidg is sufficient to account for the entirea PLE model withRq = Rg (model B): this region of the pa-

4. Discussion



430 R. Gilli et al.: Beyond the standard model for the cosmic X-ray background

100 T LI —— LI

rameter space is not favored by the most recent data, but was
adopted in practically all previous works on the XRB. Note that
model B has the same type 1 soft X—ray contribution as model
A2 (30%), but the type 2 contribution here is due to higher lumi-
nosity sources, which show up in higher flux bins: indeed, the
XRB spectrum is well fitted, the counts in the ASCA band are
matched, and the discrepancy with the HELLAS counts is re-
duced t@c. The cost to be paid is a number dendity = 7.7,
which —again- is definitely higher than the local upper limit
Rq < 2. Irrespective of the plausibility of PLE and QSO 2s,
we stress that even model B results in a discrepancy, and the
discrepancy is concordant with the results of the other, less con-

/ Re=0 troversial variants.

, A population of absorbed or hard spectrum AGNs evolving
; Leeon L L more rapidly than the type 1s could accomodate all the problems
1 10 100  discussed above. In this context one should be reminded that
B [kev] the hard counts already resolve80% of the XRB at fluxes
1000 Tt ~ 5x 107" ergcnr? s, so they must converge rapidly just
below these values. The optical identifications of the counts in
the 2-10keV and 5-10keV bands are still largely incomplete.
Up to now 34 X—ray sources detected in the ASCA LSS survey
(Ueda et al. 1998) have been identified (Akiyama et al. 1998),
and 28 objects turned out to be AGNs. They are 22 broad line
AGNs (type 1-1.5) withh < 2z < 1.7, and 6 type 2 AGNs
with 0 < z < 0.7. The number of identified sources of the
BeppoSAX HELLAS survey is lower, but the distribution of the
AGNSs seems similar to the ASCA one: 7 broad line QSOs with
0.2 < z < 1.3 and 5 Seyferts 1.8-1.9 with04 < z < 0.34
(Fiore et al. 1999).
Ry=13 If one accepts these low redshift type 2 identifications, one
- has to find a physical reason for a convergence so recent in com-
parison with all other AGNs (BL—Lacs excepted) and star form-
1o b——l ol ol ol ing galaxies. Alternatively, one could rely on the poor statistics
10-18 10-14 10-18 10-12 10-1! 10-t° . . .
S (2-10 keV) [cgs] to maintain that the hard counts are mostly due to optically
empty fields, containing very absorbed, very powerful sources
at redshifts> 1.

There are prospective candidates in both scenarios. In the
low—z hypothesis one could assume that “normal” Seyfert 2
galaxies evolve more rapidly than type 1s, so tRaincreases
with redshift up to the required value. Not only the number ra-
tio, but also theVy distribution could change with cosmic time
(Franceschini et al. 1993). Local Sey 2s are associated with a
star formation activity higher than Sey 1 and normal galaxies
(Maiolino et al. 1995; Rodguez-Espinoza et al. 1986), so this
assumption would have interesting implications on the star for-
mation history. One could also invoke Advection Dominated
Accretion Flows (ADAFs, Di Matteo et al. 1998) whose lumi-
nosity is proportional ta\/2, where M is the mass accretion
e rate, and which become normal QSOs at lakdethus, they

L should evolve more rapidly than normal AGNs at intermediate

S 10-15 10-12 10-11 10-10 redshifts, and should undergo a change of class at high redshifts.

S (5-10 keV) [ecgs] In the high—= hypothesis one should resort to ULIRGS, which
Fig. 6. Fromtop to bottom the same as in Figs. 2, 4, 5 but for modeilndeed f’:lre absorE)echi and powerful, and appear to eVO'Ye as fast
A2. Curves are as in the previous figures. Note the very hard spectrfif€duired(l+z)7%=%, Kim & Sanders 1998]. As mentioned
of the model XRB due to the high contribution of absorbed sourcesPefore there is evidence that the IR emission of ULIRGs is pow-
ered both by starburst and AGN processes; Kim et al. (1998)
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and Lutz et al. (1998) find that the fraction of AGN—powered The discrepancies found in all models are to some extent
infrared luminous galaxies increases with the bolometric lumiodel dependent, but all of them point in the same direction,
nosity, and reaches 30-50% in the ULIRG range. While normahd suggest that hard spectrum sources at intermediate or high
starbursts are inefficient emitters in the hard X—rays, obscuredishifts are needed in addition to the predictions of the standard
AGNSs in ULIRGs could easily explain the hard counts. scenario. The X—ray spectrum of these additional sources could
Finally, it should be noted that the optical identifications dfe flattened by absorption, or could be intrinsically hard. In the
the hard X-ray counts, scanty as they are, suggest that atftirener hypothesis reasonable candidate counterparts could be
given X—ray flux the type 1s are more numerous than the tygpidly evolving, “normal” Seyfert 2s. One should also note
2s. Concordant evidence is provided by recent BeppoSAX dhat a fraction of ULIRGs seem to be powered by AGNs, and
servations of the Marano field and the Lockman hole (Hasingleir cosmological evolution seems faster than that of unab-
etal. 1999): most of the BeppoSAX sources have ROSAT cowserbed QSOs. The alternate hypothesis could instead require
terparts, which in most cases are optically identified with typethie presence of ADAFs. Optical identifications of the hard X—
AGNSs. This type composition is in agreement with the predicay sources are still largely incomplete and do not allow yet to
tions of, for instance, model Al (Figs. 4 and 5). But if the hardecide between the various possibilities.
counts in excess of the model are attributed entirely to obscured
AGNSs, then the predicted type ratio is reversed, with the type 2eknowledgementsiVe are grateful to A. Comastri and G. Zamorani
more numerous than the type 1s. The numbers involved are t@jca careful reading of the manuscript, and to T. Miyaji, G. Hasinger
small to draw any conclusion, however they seem to suggest tf2d M. Schmidt for permission to use their LDDE model in advance of

some of the hard counts are due to flat X—ray spectrum Soure;%ication. Our presentation was greatly improved by the comments

. . . . . the referee, Prof. G. Hasinger. This work was partly supported by
with type 1 optical spectra; a few similar sources might ha\? e ltalian Space Agency (ASI) under grant ARS—98-116/22 and by

been found a”ea_d)/ in the ASC’_A‘ LS_S (Aklygma et 'al. 1998)'the Italian Ministry for University and Research (MURST) under grant
Clearly, a decisive progress in this area will require more Ngfingg_02-32.

merous and more secure identifications of hard X—ray counts;
given the various hypotheses, counterparts should be looked for
not only at optical wavelengths, but also in the infrared and subppendix A: comparison with a PLE model
millimeter domains, where AGN—-dominated ULIRGs should

; lj\ﬁ/e have computed a canonical synthesis model of the XRB by
conspicuous.

adopting the XLF and PLE of Jones et al. (1997); since only
AGNs with broad optical lines are included, there is no need
5. Summary and conclusions to correct for the contribution of type 2 AGNs. This sample is

) _ smaller than Mi99a, and presumably low luminosity sources at
In this paper we have shown that the standard prescriptions fihh redshifts are underrepresented. Our model B assumes the

synthesizing the XRB from the integrated emission of AGNs a58 F and PLE indicated above, includes QSO 2s as numerous as
not consistent with a number of recent observational constrains, Sey 2s, and adopts the absorption distribution of Risaliti et
and some of them must be relaxed. _ ~ al. (1999) at all redshifts and all luminosities. In the cosmology

We have worked out models (Al and A2) which take intgqopted here, model B makes orly30% of the soft XRB with
account detailed input spectra of AGNs, thg distribution type 1 AGNs, and one need; = Rq, = 7.7 to fit the overall
observed in local Seyfert 2s, and the XLF and evolution nev‘ﬁéckground (Fig. Al). Due to the large contribution of type 2
determined from the largest ROSAT sample. The latter da{@Ns, the model XRB spectrum is very hard. Furthermore,
do not define a unique parametrization, and the two modglge to the high “effective” luminosity implied by QSO 2s, the
explore different va_riants. As prescribed by the standard modgkca counts are reproduced. The discrepancy with the data in
the XLF and evolution of type 2 AGNs are taken from type 1ghe 5-10 keV band, on the contrary, is not eliminated, although
and the spectra of both types are taken independent of redskifig reduced to @0 level. Because of the preliminary nature
the only fitting parameter is the number rafioof type 2s t0 of the HELLAS data one might debate about its significance.
type 1s. We find that model Al reproduces the XRB and thg any rate, one should stress that this marginal result can be
soft counts with a ratid? compatible with the local value, butyptzined only by assuming a strong (a factet) differential

underestimates the hard counts. Model A2 is less discrepanggsiution of QSO 2s with respect to QSO 1s, so thatatthe
far as the counts are concerned, but requires a fatlefinitely  former would outnumber the latter by a facto8.

larger than observed locally. We have also computed a model
adopting a canonical pure luminosity evolution (model B). In
agreement with the results of Co95, model B can reproduce fReferences
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