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ABSTRACT

We present results based on the first INTEGRAL AGN
catalogue. The catalogue includes 42 AGN, of which 10
are Seyfert 1, 17 are Seyfert 2, and 9 are intermediate
Seyfert 1.5. The fraction of blazars is rather small with 5
detected objects, and only one galaxy cluster and no star-
burst galaxies have been detected so far. The sample con-
sists of bright (fx > 5x 10712 ergem=2s71), low lumi-
nosity (Lx = 2 x 10*¥ ergs~1), local (z = 0.020) AGN.
Although the sample is not flux limited, we find a ratio
of obscured to unobscured AGN of 1.5 — 2.0, consistent
with luminosity dependent unified models for AGN. Only
four Compton-thick AGN are found in the sample. This
implies that the missing Compton-thick AGN needed to
explain the cosmic hard X-ray background would have to
have lower fluxes than discovered by INTEGRAL so far.
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1. INTRODUCTION

The X-ray sky as seen by satellite observations over the
past 40 years, shows a substantially different picture than
for example the optical band. While the visual night sky
is dominated by main sequence stars, Galactic binary sys-
tems and super nova remnants form the brightest objects
X-rays. Common to both regimes is the dominance of
active galactic nuclei (AGN) toward lower fluxes. In the
X-ray range itself, one observes a slightly different pop-
ulation of AGN at soft and at hard X-rays. Below 5 keV
the X-ray sky is dominated by AGN of the Seyfert 1 type;
above 5 keV the absorbed Seyfert 2 objects appear to be-
come more numerous. These type 2 AGN are also be-
lieved to be the main contributors to the cosmic X-ray
background above 5 keV (Setti & Woltjer 1989; Comas-
tri et al. 1995; Gilli et al. 2001), although only ~ 50%

of the XRB above 8 keV can be resolved (Worsley et al.
2005).

The hard X-ray energy range is not currently accessible
to X-ray telescopes using grazing incidence mirror sys-
tems. Instead detectors without spatial resolution like the
PDS on BeppoSAX and OSSE on CGRO have been ap-
plied. A synopsis of these previous results is as follows:
the 2 — 10 keV Seyfert 1 continua are approximated by a
T' ~ 1.9 powerlaw form (Zdziarski et al. 1995). A flat-
tening above ~ 10 keV has been noted, and is commonly
attributed to Compton reflection (George & Fabian 1991).
There is a great deal of additional detail in this spectral
domain - “warm” absorption, multiple-velocity compo-
nent outflows, and relativistic line broadening - which are
beyond the scope of this paper. The Seyfert 2 objects are
more poorly categorized here, but the general belief is
that they are intrinsically equivalent to the Seyfert 1s, but
viewed through much larger absorption columns.

Above 20 keV the empirical picture is less clear. The
~ 20—200 keV continuum shape of both Seyfert types is
consistent with a thermal Comptonization spectral form,
although in all but a few cases the data are not suffi-
ciently constraining to rule out a pure powerlaw form.
Nonetheless, the non-thermal scenarios with pure pow-
erlaw continua extending to ~ MeV energies reported
in the pre-CGRO era are no longer widely believed, and
are likely a result of background systematics. However, a
detailed picture of the Comptonizing plasma - its spatial,
dynamical, and thermo-dynamic structure - is not known.
Among the critical determinations which INTEGRAL or
future hard X-ray instruments will hopefully provide are
the plasma temperature and optical depth (or Compton
“Y” parameter) for a large sample of objects.

The other major class of gamma-ray emitting AGN -
the blazars (FSRQs and BL Lac objects) are even more
poorly constrained in the INTEGRAL spectral domain
(for early INTEGRAL results see for example Pian et al.
2005).



Critical to each of these issues is the need to obtain im-
proved continuum measurements over the hard X-ray to
soft gamma-ray range for as large a sample of objects as
possible. INTEGRAL, since its launch in October 2002,
offers unprecedented > 20keV collecting area and state
of the art detector electronics and background rejection
capabilities. Thus it offers hope of substantial gains in
our knowledge of the AGN phenomenon and in particu-
lar of the cosmic hard X-ray background.

The first INTEGRAL AGN catalogue offers the possibil-
ity to address these questions and to compare the results
with previous missions.

2. THE INTEGRAL AGN SAMPLE

Our INTEGRAL AGN sample! consists of 42 extragalac-
tic objects, detected in the 20 — 40keV energy band
with the imager IBIS/ISGRI. Spectra have been extracted
from IBIS/ISGRI, the spectrometer SPI, and the X-ray
monitor JEM-X in order to cover the energy range from
3 — 500keV. The list of sources with their redshift, the
optical counterpart type, the flux in the 20 — 40 keV band
as measured by ISGRI, the luminosity in the 20 — 100
keV band, and the intrinsic absorption as measured at soft
X-rays is given in Table 1. Details on the analysis and
on individual spectra can be found in Beckmann et al.
(2006). The distribution of sources in the sky is shown in
Figure 2.

The Seyfert type AGN found in the sample are prefer-
entially low redshift objects. Figure 1 shows the distri-
bution of redshifts in the sample. The blazars all show
higher redshifts (0.15 < z < 2.51) and are not in-
cluded in the histogram. The one object on the right
is PG 1416-129 (z = 0.1293) and is an anomalous ra-
dio quiet quasar with similar spectroscopic properties as
radio-loud sources (Sulentic et al. 2000).

In order to investigate the AGN subtypes, we have de-
rived averaged spectra of the Seyfert 1 and 2 types, as
well as for the intermediate Seyferts and the blazars.
The average Seyfert 1 spectrum was constructed using
the weighted mean of 10 ISGRI spectra, the Seyfert 2
composite spectrum includes 15 sources, and 8 objects
form the intermediate Seyfert 1.5 group. The two bright-
est sources, Cen A and NGC 4151, have been excluded
from the analysis as their high signal-to-noise ratio would
dominate the averaged spectra. The average spectra have
been constructed by computing the weighted mean of all
fit results on the individual sources. In order to do so,
all spectra had been fit by an absorbed single powerlaw
model. When computing the weighted average of the var-
ious sub-classes, the Seyfert 2 objects show flatter hard
X-ray spectra (I' = 1.95 £ 0.01) than the Seyfert 1.5
(' = 2.10£0.02), and Seyfert 1 appear to have the steep-
est spectra (I' = 2.11 £ 0.05) together with the blazars
(T = 2.07 £ 0.10).

Lhttp://heasarcdev.gsfc.nasa.gov/docs/integral/spi/pages/agn.html
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Figure 1. Redshift distribution of the AGN detected by
INTEGRAL. Blazars are not shown. The average red-
shift is Z = 0.020. The object on the right is the quasar
PG 1416-129.

The Seyfert type classification of the objects is based on
optical observations. An approach to classifying sources
according to their properties in the X-rays can be done
by separating the sources with high intrinsic absorption
(Ng > 1022 cm—2) from those objects which do not
show significant absorption. The distribution of absorp-
tion at soft X-rays for the AGN sample is shown in Fig-
ure 3. The black part of the histogram represents the
Seyfert 2 AGN (including the Seyfert 1.8 and Seyfert 1.9
subtypes). It has to be pointed out that not all objects
which show high intrinsic absorption in the X-rays are
classified as Seyfert 2 galaxies in the optical, and the
same applies for the other AGN sub-types. Neverthe-
less a similar trend in the spectral slopes can be seen:
the 21 absorbed AGN show a flatter hard X-ray spec-
trum (I" = 1.98 £ 0.01) than the 13 unabsorbed sources
(T = 2.08+0.02). The blazars have again been excluded
from these samples.

Among the Seyfert 2 galaxies we find 4 objects with low
absorption (Ng < 1023 em—2), 7 with intermediate ab-
sorption (N = 10%® — 10?4 em—2), and four Compton
thick AGN (Ng > 1024 cm™2).

Although the INTEGRAL AGN sample discussed here
is not a complete flux limited one, the number counts
give a first impression regarding the flux distribution
within the sample (Fig. 4). Excluding the two bright-
est objects (Cen A and NGC 4151) and the objects with
fx <2x10~ " ergem=2 s~ (where the number counts
shows a turnover), the number counts relation shows a
gradient of 1.4 4+ 0.1, and is consistent with the value of
1.5 expected for Eucledian geometry and no evolution in
the local universe.
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Figure 2. The distribution of INTEGRAL AGN in the sky in Galactic coordinates. Seyfert 1 are marked with up-triangles,
Seyfert 1.5 with down-triangles, Seyfert 2 with circles, blazars with squares, optically unidentified with asterisks, and the

Coma Cluster is represented by a star.
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Figure 3. Distribution of intrinsic absorption, as mea-
sured in the soft X-rays. The Seyfert 2 objects (including
the Seyfert 1.8 and 1.9 subtypes) are shown in black.
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Figure 4. Number counts of the INTEGRAL AGN sample.
The brightest objects have been labelled.
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Figure 5. Intrinsic absorption, as measured at soft X-
rays, versus the luminosity in the 20 — 100 keV band.
Circles represent Seyfert 2 type AGN (including Sy 1.8
and Sy 1.9), triangles other Seyfert types.

Figure 5 shows the intrinsic absorption of the objects, as
measured in the soft X-rays, versus the luminosity in the
20 — 100 keV energy band as measured by INTEGRAL.
There is no discernable correlation between those values.
The optically classified Seyfert 2 objects naturally popu-
late the area with higher intrinsic absorption.

3. DISCUSSION

The typical INTEGRAL spectrum can be described by
a simple powerlaw model with average photon indices
ranging from I = 2.0 for obscured AGN to T' = 2.1
for unabsorbed sources. The simple model does not give
reasonable results in high signal-to-noise cases, where
an appropriate fit requires additional features such as a
cut-off and a reflection component (Soldi et al. 2005,
Beckmann et al. 2005). The results presented here
show slightly steeper spectra than previous investigations
of AGN in comparable energy ranges. The same trend
is seen in the comparison of Crab observations, where
the INTEGRAL/ISGRI spectra also appear to be slightly
steeper than in previous observations, and in comparison
of RXTE and INTEGRAL/ISGRI spectra of Cen A (Roth-
schild et al. 2006). This trend might be based on im-
proper calibration and/or background subtraction.

The average properties, like spectral slope, redshift, lu-
minosity, are rather similar compared to previous studies
(e.g. Zdziarski et al. 1995, Gondek et al. 1996).

Comparing the ratio X of obscured (Ng > 1022 cm™2)
to unobscured AGN we find in the INTEGRAL data that

X = 1.7 £ 0.4. The ratios change slightly when tak-
ing into account only those objects which belong to the
complete sample with an ISGRI significance of 7o or
higher (Beckmann et al. 2006). This sub-sample includes
32 AGN, with 18 obscured and 10 unobscured objects
(absorption information is missing for the remaining four
objects). Using only the complete sample gives a simi-
lar ratio of X = 1.8 & 0.5. Splitting this result up into
objects near the Galactic plane (|b| < 20°) and off the
plane shows for all objects a ratio of X = 3.3 + 1.1 and
X = 1.1 £ 0.5, respectively. This trend shows that the
harder spectra of those objects, where the absorption in
the line of sight through the Galaxy is low compared to
the intrinsic absorption, are more likely to shine through
the Galactic plane.

Risaliti et al. (1999) studied a large sample of Seyfert
2 galaxies focusing especially on the intrinsic absorp-
tion measured at soft X-rays. They also find a frac-
tion of 75% of Seyfert 2 with an intrinsic absorption
Ny > 1023 em~2, but a 50% fraction of Compton-thick
objects with N > 1024 cm~2, where the INTEGRAL
sample only finds 4 objects (27 %).

Optical studies in the local universe find evidence that
type 2 AGN are about a factor of four more numerous
than type 1 AGN (Setti & Woltjer 1989; Comastri et al.
1995). In X-rays the situation is similar, although not
all Seyfert 1 objects show low intrinsic absorption and
vice versa (see Fig. 5). Recent studies have shown that
the fraction of absorbed sources depends both on lumi-
nosity and redshift in a way that the fraction of type 2
AGN increases towards higher redshifts and lower lumi-
nosity (e.g. Gilli et al. 2001; Ueda et al. 2003; La
Franca et al. 2005). Ueda et al. (2003) sudied 247
AGNs in the 2 — 10 keV band with luminosities in the
range Lx = 10*'% — 10%6-% ergs—1, similar to the lu-
minosity range of the INTEGRAL AGN but extending
to higher redshifts (z = 0 — 3) and to fainter fluxes
(fx = 10719-3.8x10~ ¥ ergcm =2 s71). They find that
the number of AGN decreases with the intrinsic X-ray lu-
minosity of the AGN and therefore favour a luminosity
dependend density evolution (LDDE) to explain the lu-
minosity function in the 2 — 10 keV band. La Franca et
al. (2005) used an even larger sample and confirmed the
necessity of a LDDE model, where low luminosity AGN
peak at z ~ 0.7, while high luminosity AGN peak at
z ~ 2.0. In addition, they find evidence that the fraction
of absorbed (N g > 10?2 cm—2) AGN decreases with the
intrinsic luminosity in the 2— 10 keV energy range. Con-
sistent with our study, La Franca et al. also find a ratio of
X =21latLy = 10*>%ergs!.

All these results based on the 2 — 10 keV band are con-
sistent with the findings of the INTEGRAL AGN sam-
ple at higher energies (20 — 40keV). It is surprising
though that different from the findings of Risaliti et al.
(1999) we do not detect a large fraction of Compton-
thick AGN. These AGN, if exisiting, could explain the
peak in the hard X-ray background around 30 keV (e.g.
Maiolino et al. 2003). In view of recent results this lack
of Compton-thick objects is explainable by the type of



AGN detected so far by INTEGRAL. All objects are local
AGN, with a mean redshift of z = 0.020 (Fig. 1). The
objects are bright (fao_s0xev > 5 x 107'2; Fig. 4), but
have low luminosities (Lx = 2 x 10*3 ergs~!). This
still leaves room in the parameter space of AGN to locate
Compton-thick AGN. Those objects could have lower
fluxes and therefore even lower luminosities in the lo-
cal universe than the objects studied by INTEGRAL. This
possibility is supported by the unified model for AGN
as described by Treister & Urry (2005). They predict
a strong correlation of the fraction of broad line AGN
with luminosity, and expect up to a factor of 10 more ab-
sorbed than un-absorbed AGN at very low luminosities
(Lx ~ 10*2ergs™1!). This trend can be seen also in the
INTEGRAL AGN sample. When considering only the 14
objects with Lag_100kev < 10*3 ergs™! the ratio of ob-
scured to unobscured objects increases to X = 2.5.

Studying the population of sources at lower limiting
fluxes should also reveal further highly absorbed sources
at high redshifts, because these have been missed so far
and with increasing redshift an increase of absorbed AGN
fraction is expected (La Franca et al. 2005).

The energy range in the 15 — 200 keV is now also acces-
sible through the BAT instrument aboard Swift (Gehrels
et al. 2005). A study by Markwardt et al. (2005) used
data from the first three months of the Swift mission for
studying the extragalactic sky and reached a flux limit of
f1a—195kev) ~ 107 ergem=2 s, The source popu-
lation is similar to the INTEGRAL one, with an average
redshift of z = 0.012, and a ratio of X = 2 between
obscured and unobscured AGN, fully consistent with IN-
TEGRAL. Although the Swift/BAT survey covers differ-
ent areas of the sky, the energy band is similar to the IN-
TEGRAL/ISGRI range and the type of AGN detectable
should be the same. Within their sample of 44 AGN they
detect 5 Compton-thick AGN, the same ratio as in the
INTEGRAL sample. The only difference appears in the
relation between luminosity and absorption. While in the
INTEGRAL sample no correlation is detectable (Fig. 5),
Markwardt et al. find in their sample evidence for an anti-
correlation of luminosity and absorption.

4. CONCLUSIONS

The INTEGRAL AGN sample opens the window to the
hard X-ray sky above 20 keV for population studies. With
the 42 extragalactic objects discussed here, a fraction of
about 60% shows absorption above Ny = 10?2 cm—2,
but only four objects are actually Compton-thick (N g >
1024 cm™2). This shows that the source population above
20 keV, at least at the high flux end, is very similar to the
one observed in the 2 — 10keV energy region. The re-
sults are consistent with observations by the Swift/BAT
instrument, although we cannot confirm a correlation of
X-ray luminosity with instrinsic absorption. Further in-
vestigations are necessary and with the ongoing INTE-
GRAL and Swift mission it will be revealed in the near
future, if there is a significant Compton-thick AGN pop-

ulation to explain the peak in the extragalactic X-ray
background around 30 keV. These objects would have
to have lower fluxes than the objects studied here (i.e.
fx < 107 ergem—2s71) and might therefore be low-
redshift, low-luminosity (Lx < 10*?ergs™!) Seyfert
galaxies, or higher redshift (z >> 0.05) objects.
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Table 1. The INTEGRAL AGN sample

Name z type f20—10kev) log L(20-100 keV) Ny
[107 1 ergcm =2 571] [ergs™!] [10?2 cm~2]
NGC 788 0.0136 Sy 1/2 2.98 £0.24 43.52 < 0.02
NGC 1068 0.0038 Sy?2 0.93 £ 0.27 41.92 > 150
NGC 1275 0.0176 Sy?2 1.89+0.21 43.47 3.75
3C 111 0.0485 Sy1 6.27 £ 0.57 44.90 0.634
MCG +8-11-11 0.0205 Sy1l5 6.07 £ 0.97 44.06 < 0.02
MRK 3 0.0135 Sy?2 3.65 +0.39 43.53 110
MRK 6 0.0188 Sy 1.5 2.01 +£0.20 4357 10
NGC 4051 0.0023 Sy1l5 1.80+0.20 41.60 < 0.01
NGC 4151 0.0033 Sy1l5 26.13 £0.16 43.15 4.9
NGC 4253 0.0129 Sy15 0.93 +0.22 42.93 0.8
NGC 4388 0.0084 Sy?2 9.54+ 0.25 43.55 27
NGC 4395 0.0011 Sy1.38 0.56 &+ 0.22 40.64 0.15
NGC 4507 0.0118 Sy?2 6.46 + 0.36 43.68 29
NGC 4593 0.0090 Sy1 3.31+0.16 43.08 0.02
Coma Cluster 0.0231 GClstr. 1.09+0.12 43.40 < 0.01
NGC 4945 0.0019 Sy2 9.85+0.23 42.30 400
ESO 323-G077 0.0150 Sy?2 1.20 £ 0.19 43.21 55
NGC 5033 0.0029 Sy19 1.06 + 0.24 41.55 2.9
Cen A 0.0018 Sy2 32.28 +0.17 42.75 12.5
MCG-06-30-015 0.0077 Syl 2.98 +0.19 42.93 17.7
4U 1344-60 0.043 ? 2.83+£0.15 44.36 2.19
IC 4329A 0.0161 Sy1l.2 8.19 +0.17 44.04 0.42
Circinus gal. 0.0014 Sy?2 10.73 £ 0.18 41.97 360
NGC 5506 0.0062 Sy1.9 4.21+£0.33 42.83 3.4
PG 1416-129 0.1293 Sy1 5.43 +0.64 45.78 0.09
IC 4518 0.0157 Sy?2 0.49 £+ 0.32 42.92 ?
NGC 6221 0.0050 Sy 1/2 1.32+0.20 42.39 1
NGC 6300 0.0037 Sy?2 3.91+0.37 42.36 22
GRS 1734-292 0.0214 Sy1 4.03 + 0.09 43.88 3.7
IGR J18027-1455 0.0350 Sy1 2.03+0.16 44.03 19.0
ESO 103-G35 0.0133 Sy?2 2.97 + 0.66 4351 13-16
1H 1934-063 0.0106 Sy1 0.48 +0.25 4251 ?
NGC 6814 0.0052 Sy15 2.92+0.23 42.52 < 0.05
Cygnus A 0.0561 Sy2 3.24+0.14 4471 20
MRK 509 0.0344 Sy1 4.66 £ 0.47 44.42 < 0.01
IGR J21247+5058 0.020 radio gal.? 4.15+0.27 44.00 ?
MR 2251-178 0.0634 Sy1 1.20 £ 0.17 44.40 0.02-0.19
MCG -02-58-022 0.0469 Sy1.5 1.204+0.28 44.18 < 0.01 —0.08
S50716+714 03  BLLac 0.14 4 0.11 45.21° <0.01
S5 0836+710 2.172 FSRQ 1.73 £ 0.28 47.87 0.11
3C 273 0.1583 Blazar 5.50 £0.15 4592 0.5
3C 279 0.5362 Blazar 0.82+0.24 46.37 0.02-0.13
PKS 1830-211 2.507 Blazar 2.07+0.14 48.09 <0.01-0.7

@ tentative redshift



