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ABSTRACT

We present a new modeling of the cosmic X-ray back-
ground (XRB) based on the most up-to-date AGN X-ray
luminosity functions (XLF) and evolution. The most re-
cent results from the soft (0.5-2 keV) and hard (2-10 keV)
X-ray surveys are used to constrain at best the contribu-
tion of Compton-thin AGN to the XRB. In particular, the
ratio between moderately obscured AGN (Compton-thin)
and unobscured AGN is estimated directly by comparing
the soft and hard XLF. This comparison suggests that the
fraction of obscured AGN decreases with intrinsic lumi-
nosity. The model is in agreement with the soft and hard
AGN counts over about 6 dex in flux. A large popula-
tion of heavily obscured -Compton thick- AGN is added
to fit the XRB spectrum above 10 keV. Remarkably, the
fraction of Compton thick AGN observed in the Chan-
dra Deep Field South is in excellent agreement with that
predicted by the model.
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1. INTRODUCTION

The deepest X-ray surveys in the Lockman Hole
(Hasinger 2004), Chandra Deep Field South (Giacconi
et al. 2002) and Chandra Deep Field North (Alexander
et al. 2003) have shown that most of the cosmic X-
ray background below 10 keV is resolved into discrete
sources (e.g. Worsley et al. 2005), the vast majority of
which have been identified as active galactic nuclei (e.g.
Szokoly et al. 2003, Barger et al. 2003). The combina-
tion of deep with shallower surveys has allowed to con-
struct the AGN X-ray luminosity function both in the soft
0.5-2 keV band (Hasinger et al. 2005) and in the hard 2-
10 keV band (Ueda et al. 2003, La Franca et al. 2005)
and map the evolution of X-ray selected AGN up to red-
shifts of z ~ 5. Although X-ray observations are less
biased towards obscured AGN, sensitive imaging survey
can be performed at present only at energies below 10
keV. Therefore, they are expected to severely undersam-
ple the population of extremely obscured AGN with col-

umn densities abovigNy = 24 (i.e. Compton-thick
sources) which, at least in the local Universe, are found
to be as numerous as moderately obscured AGN (Risal-
iti et al. 1999; Guainazzi et al. 2005), and are expected
to provide a significant contribution to the 30 keV peak
in the XRB spectrum (Comastri et al. 1995; Gilli et al.
2001).

2. THE MODEL

In our modeling we tightly constrain the properties of
Compton-thin AGN, for which a large body of obser-
vational data (e.g. source counts, luminosity functions
and redshift distributions) are available. Once the pop-
ulation of Compton-thin AGN is fully characterized, we
compute their contribution to the XRB spectrum and add
as many Compton thick AGN as needed to fit the XRB
spectrum above 10 keV, in particular the XRB bump at 30
keV. We remark that ab < 10 keV different instruments
have measured different XRB intensities, with variations
as large as 40% (the lower and higher value being mea-
sured by HEAO-1 and BeppoSAX, respectively), while
in the energy range 10-300 keV the HEAO-1 measure-
ment is still the only available one (see Gilli 2004 and
Revnivtsev et al. 2005 for recent discussions). Since the
discrepancies in the XRB measurements are not fully un-
derstood, we will not adopt the XRB below 10 keV as a
primary constraint. Rather we rely on what we believe to
be more robust observational data such as the 0.5-2 keV
and 2-10 keV logN-logS and luminosity functions and
verify a posteriorithe resulting XRB spectrum.

More specifically the adopted strategy is as follows:

we assume that surveys in the 0.5-2 keV band are essen-
tially tracing the population of unobscured (g < 21)
AGN, while surveys in the 2-10 keV band are tracing the
population of unobscured plus Compton thin (Mg <

24) AGN. Therefore the moderately obscured AGN pop-
ulation can be reasonably well estimated as the difference
between the hard (total) and soft (unobscured) XLF.

It is well known (e.g. Comastri et al. 1995) that the
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Figure 1. The Ueda et al. (2003) intrinsic hard XLF for thealb€ompton-thin AGN population (datapoints) compared
with models m1 (dotted line) and m2 (dashed line). The sdft§tLHasinger et al. (2005) converted to the hard band is

also shown (solid line).

source counts in the hard X-ray band cannot be matched regime, andL; is the 0.5-2 keV characteristic luminos-

by simply converting the soft counts to the hard band

ity dividing the two regimes (we fixedbgL, = 43.5).

assuming a standard unabsorbed AGN spectrum (e.g. a The total AGN hard XLF is simply obtained by convert-

powerlaw with photon indek = 1.9). Similarly (Fig. 1),
converting the soft XLF by Hasinger et al. (2005) to the
hard band (assuming = 1.9) is not sufficient to repro-
duce the total hard XLF, so obscured AGN have to be
added.

We introduce the ratid? between obscured Compton-
thin AGN and unobscured AGN (i.e. the number ra-
tio between sources withl < logNg < 24 and with
logNy < 21) defined as follows:

R=Rse L/ls £ Ry (1 — e /T, (1)

where Rg is the ratio in the Seyfert (low-) luminosity
regime andR is the ratio in the QSO (high-) luminosity

ing the soft (unobscured) XLF to the hard band and then
multiplying it by (1+R).

We considered two hypotheses: first (model m1) we as-
sumed a ratio independent of luminosity wheRe =

Ro = Rg = 2; second (model m2), we assumid = 4
andR¢g = 1toaccountforadecline in the obscured AGN
fraction with luminosity as suggested by several observa-
tional results (e.g. Ueda et al. 2003, La Franca et al.
2005).

As shown in Fig. 1, both models match the hard XLF by
Ueda et al. (2003), however model m2 seems to provide a
better description of the data than model m1. The recent
hard XLF estimated by La Franca et al. (2005) lends fur-
ther support to such a possibility (see Fig. 2). Therefore
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Figure 2. Same as the previous Figure but considering thd Wt data of La Franca et al. (2005).

model m2 will be considered as our baseline model in the
following.

It is worth noting that the comparison between the soft
and hard XLF allows to constrain the total number of
obscured Compton-thin AGN with no assumptions on
their column density distribution. The latter is esti-
mated by considering the soft and hard cumulative num-
ber counts as explained below. We divided Compton-thin
sources into three absorption bins centeretbaivy =
21.5,22.5,23.5. Following previous studies (Comastri et
al. 1995, Risaliti et al. 1999, Gilli et al. 2001), the num-
ber of sources in each bin is chosen to increase with ob-
scuration fromogNgy = 21.5tologNy = 23.5 in order

to reproduce the AGN counts in the soft and hard band
over about 6 orders of magnitude in flux (Fig.3 and 4, re-
spectively). A flatNy distribution overpredicts the soft
X-ray counts at faint fluxes and appears to be disfavored.

At this stage we believe that the population of moderately
obscured sources is well constrained and their contribu-

tion to the XRB spectrum is computed (Fig. 5). A cut
off powerlaw with photon indeX” = 1.9 and e-folding
energyF. = 320 keV is assumed as an input template
for unabsorbed AGN. Absorption by different column
densities is then introduced to model the spectra of ob-
scured sources. A Compton reflection component is also
added to the spectrum of AGN in the Seyfert luminosity
regime, with a different normalization for obscured and
unobscured sources (see Comastri et al. 1995).

The integrated emission of this population is found to ex-
plain most of the XRB below 10 keV as measured by
HEAO-1 (see Fig. 5), but, as expected, fails to reproduce
the 30 keV bump, calling for an additional population of
Compton-thick sources. In our modeling these were di-
vided into two, equally populated, absorption bins with
logNgy = 24.5 andlogNg > 25, where distinct spectral
templates have been considered according to the different
physical scenarios: in the first case the direct, transthitte
emission is still the main component above10 keV,
while at lower energies, where this is heavily absorbed,
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Figure 3. Cumulative soft AGN counts normalized to an EgeidUniverse. Datapoints are explained on the top left.
The model curves for unabsorbed AGN, absorbed AGN, total, AGdtotal AGN + clusters are shown respectively with
the following line styles: red long-dashed, blue shortoad solid black, solid magenta. At bright fluxes the datarare
cleaned by Galactic sources, thus producing an apparewteimncy wrt the total model prediction.
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Figure 4. Cumulative hard AGN counts normalized to an EwaidUniverse. Datapoints are explained on the top left.
The model curves and corresponding line styles are as inénequs Figure.
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Figure 5. The cosmic XRB spectrum and predicted contribdtam the population of Compton-thin AGN. The different
XRB measurements are explained on the top left. Also shatharesolved XRB fractions in different surveys by Worsley
et al. (2005): Lockman Hole = red diamonds; CDFS = cyan cras$&DFN = black crosses. Curves refer to model m2:
unobscured AGN = red long-dashed line; obscured ComptanAGN = blue short-dashed line; total (also including
galaxy clusters) = magenta solid line.
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Figure 6. Same as in the previous Figure but with the add#@l@ontribution of Compton-thick sources (thick black Jine
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Figure 7. The fraction of obscured AGN as a function
of the 2-10 keV limiting flux. Solid blue line: fraction of
AGN withlogNy > 22 expected by model m2. Colored
points: fraction of AGN witHog Ny > 22 measured in
different surveys (datapoints are described in Gilli et al.
2006 in prep). Black dashed line: fraction of AGN with
logNgy > 24 (i.e. Compton-thick) expected by model m2.
Black star: fraction of Compton-thick AGN measured in
the CDFS by Tozzi et al. (2005).

the reflected continuum (e.g. by the far inner side of the
putative obscuring torus) provides a major contribution;

in the second case absorption is extreme and no radiation

is transmitted through the absorber, leaving a bare reflec-
tion continuum as the only visible component.

As shown in Fig. 6, the fit to the XRB spectrum measured
by HEAO-1 in the range 10-300 keV requires a large
number of Compton thick AGN (about twice as large
as that of Compton-thin one). An even larger Compton-
thick population would be required if the XRB flux were
underestimated by HEAO-1.

The baseline model nicely reproduces the steep rising of
the obscured AGN fraction as a function of hard limit-
ing flux as estimated by several surveys (Fig. 7). Re-
markably, the model predicted fraction of Compton-thick
AGN closely matches the smal-(5%) observed frac-
tion of heavily obscured sources measured by Tozzi et
al. (2005) in the Chandra Deep Field South (see again
Fig. 7). Our results confirm that below 10 keV the large
population of Compton thick sources is poorly sampled
even by the deepest surveys.
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