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Abstract. We present some results of the deepest extragalactic surveyperformed by the INTE-
GRAL satellite. The fraction of very absorbed AGN is quite large. The sharp decrease in the absorp-
tion fraction with X-ray luminosity observed at lower-energy X-rays is not observed. The current
lack of truly Compton-thick objects, with an upper limit of 14% to the size of this population, is just
compatible with recent modeling of the cosmic X-ray background.

We also study the prospects for a future hard X-ray serendipitous survey with Simbol-X. We
show thatSimbol-X will easily detect a large number of serendipitous AGN, allowing us to study
the evolution of AGN up to redshifts about 2, opening the doorto the cosmological study of hard
X-ray selected AGN, which is barely possible with existing satellites like Swift and INTEGRAL.

Keywords: Surveys, Galaxies: active, Galaxies: Seyfert, X-rays: diffuse background, X-rays:
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INTRODUCTION

Since the discovery of a tight connection between supermassive black holes and their
host galaxies [1], AGN surveys have become an important partof observational cos-
mology. Thanks to the excellent sensitivity of current satellites, the X-ray domain below
10 keV is very efficient at targeting AGN. However, this energy domain is very sensi-
tive to absorption and it is expected that X-ray surveys may provide only a partial view
of the AGN population. A large population of strongly absorbed AGN has indeed long
been expected [2] on the basis of the discovery by the HEAO-1 satellite of an apparently
diffuse X-ray emission at high galactic latitude [3]. Recent modeling of this so-called
cosmic X-ray background (CXB) emission [4] even requires a significant fraction of ob-
jects with hydrogen column densitiesNH larger than∼ 1024 cm−2. These Compton-thick
objects emit very little radiation below 10 keV and thus require deep X-ray observations.
To sample efficiently these objects, it is necessary to perform surveys in the hard X-ray
domain (>∼ 20 keV), where photoelectric absorption is much smaller. Such surveys are
now possible with INTEGRAL and SWIFT and the hard X-ray selected AGN population
has been studied over the full sky [5, 6]. However, the sensitivity limit in the hard X-
rays is still very poor. We present here the absorption properties the sources found in the
most sensitive high-latitude hard X-ray survey to date, an INTEGRAL survey covering a
∼ 2500 deg2 region around 3C 273 and the Coma cluster [7]. We also study the potential
of Simbol-X for cosmological studies of AGN selected in the hard X-rays compared to
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FIGURE 1. NH distribution in the 3C273/Coma survey. ActualNH measurements are shown in black;
medium grey showsNH estimates based on the source flux in the RASS-BSC; light greycorresponds
to sources without counterparts in the RASS-BSC and are thusevenly distributed between 2×1022 and
1025cm−2.

what will be achieved by INTEGRAL and Swift at the end of theirmissions.

THE INTEGRAL 3C 273/COMA SURVEY

The quasar 3C 273 has been the target of several INTEGRAL observations. Adding
an observation of the nearby Coma cluster, this region is themost exposed extragalactic
region, consisting of more than 1600 pointings for a total exposure time of close to 4 Ms.
We used these data to build a 3000x3000-pixel mosaic in the 20–60 keV energy range.
About 2500 deg2 have been observed for more than 10 ks effective exposure time, the
threshold above which systematics are averaged out. We find 34 candidate sources at the
5σ level. In the center of the mosaic, this corresponds to about5×10−12 erg cm−2 s−1.
Details of the analysis are presented in [7].

ABSORPTION PROPERTIES

17 of the 34 candidate sources had adequate X-ray measurements allowing us to de-
termine their hydrogen column density,NH. We have started a follow-up program with
Swift/XRT which allowed us to determineNH in 7 additional sources. For the 10 re-
maining objects, 3 have a counterpart in the ROSAT all-sky survey bright source catalog
(RASS-BSC) [8], allowing us to obtain a crude estimate ofNH. For the 7 sources with-
out detected counterpart in the RASS-BSC,NH is roughly constrained within the range
2×1022–1025 cm−2.

Figure 1 shows the distribution of the intrinsic hydrogen column densityNH for the 34
sources. The fraction of objects withNH> 1022 cm−2 is found to be about 60%; if one
discards the 7 sources without X-ray counterparts, this figure becomes 52%, making
it a stringent lower limit. This is significantly larger thanthe fraction observed in X-
ray surveys below 10 keV in the local universe [9], showing the capabilities of hard
X-ray surveys to detect strongly absorbed objects. The absence of confirmed Compton-
thick objects (NH> 1024 cm−2) puts however an upper limit to their fraction of 14%,



consistent with previous hard X-ray surveys [6]. A recent modeling of the CXB [4]
predicted a fraction of AGN withNH> 1022 cm−2 of 65% at the fluxes sampled by our
survey, which is perfectly compatible with our measurement. Their expected fraction of
Compton-thick AGN (15%) is just compatible with our upper limit, and the failure to
find any Compton-thick object up to now points to a possible inconsistency.

The decrease in the absorbed fraction with luminosity observed in several X-ray
surveys below 10 keV [9] is not observed here. The significance of this discrepancy
is only about 2σ and may therefore be due to the small sample size.

PROSPECTS FOR FUTURE HARD X-RAY SURVEYS

Over the coming years, Swift, which is primarily dedicated to the observation of gamma-
ray bursts, will keep performing a relatively uniform survey of the full high-latitude sky.
INTEGRAL, although it spends most of the time looking at the galactic plane, may
spend a significant amount of time in a small high-latitude sky region, in order to reach
the highest sensitivity possible with the current generation of instruments. Because of
its small field of view, Simbol-X is not a survey instrument. However, thanks to its
extraordinary sensitivity, it will provide a very interesting serendipitous survey of the
fields around extragalactic targets. Here, we compare the expected results of these three
different kinds of survey, making rough assumptions on the survey properties.

Swift will eventually reach fluxes twice as low as in [6], i.e.about 5×10−12 erg s−1

cm−2 in the rest frame 20–60 keV band, over about 30 000 deg2. The deepest coded-
mask hard X-ray survey could be obtained by spending some 20 Ms in a single 5× 5
dithering pattern withINTEGRAL, reaching a limiting flux of 2×10−12 erg s−1 cm−2 in
the rest frame 20–60 keV band over 1000 deg2. The properties of a serendipitous Simbol-
X survey are more difficult to guess. It seems reasonable to assume typical observing
times of 100 ks and that there will be about 200 pointings, making total usable sky area
of 5 deg2. The projected limiting flux will be 2×10−14 erg s−1 cm−2 in the rest frame
20–60 keV band, well above the source confusion limit.

We simulate a cosmological population of AGN in the hard X-rays based on the local
20–60 keV luminosity function (LF) observed in [7]. For simplicity we assume a pure
density evolution close to that observed in the 2–10 keV domain (∼ (1+z)4) [10]. Swift
will detect roughly 650 sources, while some 60 sources will be found in the INTEGRAL
ultra-deep survey. Simbol-X will detect serendipitously about 1200 sources. The Swift
redshift distribution peaks belowz = 0.03, while the INTEGRAL is less peaked at about
z = 0.05 wih a tail extending beyondz = 0.1. On the other hand, pratically all AGN
in the Simbol-X survey lie beyondz = 0.1, with a peak atz ∼ 0.5 and a tail extending
beyondz = 2.

While Swift will be able to determine the local hard X-ray LF with good accuracy
belowz= 0.05, the INTEGRAL ultra-deep survey is needed to study the low-luminosity
tail up toz = 0.1. The LF from the Simbol-X survey is very good up toz ∼ 1, probing
the high-luminosity tail up toz ∼ 2. A LF density evolution such as that observed in
2–10 keV surveys [10] will be very easily detected by Simbol-X. This can be used to
constrain the model of AGN evolution in the hard X-rays, and to compare with that
determined at lower energies.



FIGURE 2. Left: expected redshift distribution for the Simbol-X serendipitous hard X-ray survey.
Right: hard X-ray AGN LF from the Simbol-X serendipitous survey in the redshift range 0.4≤ z < 0.6.
The solid line is the local LF; the dashed line shows the density evolution∼ (1+ z)4.

CONCLUSIONS

The survey we presented here is currently the deepest extragalactic hard X-ray survey.
A complete follow-up campaign with Swift/XRT is under way. We find a large fraction
of very absorbed object, but we do not find any truly Compton-thick AGN, putting an
upper limit to this population any 14%, which is just compatible with expectations from
recent CXB synthesis models [4].

We study the prospects of future extragalactic hard X-ray surveys: an all-sky Swift
survey, an ultra-deep INTEGRAL survey and a serendipitous Simbol-X survey. Making
reasonable assumptions about the characteristics of thesesurveys, we simulate popula-
tions of AGN based on the current knowledge of AGN evolution and construct their LFs.
We find that Swift will make an excellent determination of thelocal hard X-ray LF, but
a ultra-deep INTEGRAL survey is needed to study the LF beyondz = 0.05 and up to
z ∼ 0.1. However, Simbol-X will open the door to cosmological studies of hard X-ray
selected AGN populations, with an expected redshift distribution peaking aroundz∼ 0.5
and a tail extending beyondz = 2. At this redshift, Simbol-X will study the evolution of
the high-luminosity tail of the LF.
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