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We consider the complete sample of AGN detected by INTEGRBE in the 20-40keV band
and extracted from the thé®IBIS survey [9]. The sample includes all sources detectevab
5.20, can be used to provide an insight into the population of hardy selected AGN. For
the entire sample, we study the hard X-ray (20—-100keV) spleptoperties, comparing them
with SWIFT/BAT 58 months data: we give information on spattnd flux variability, average
spectral shape and BAT/IBIS cross-calibration constarg.a¥§o provide an example of how the
hard X-ray spectra can be used to constrain some importaatrapparameters, such as reflection
and/or high energy cut-off.
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The INTEGRAL AGN complete sample

1. Introduction

Observations of active galactic nuclei above 10keV arengisddor studying non-thermal
processes and observing sources which are strongly affbgtabsorption in the soft X-ray band.
Besides, studying AGN in the hard X-rays gives informatiantlee high energy cut-off and the
reflection fraction which cannot be explored with obsenvadi at lower energies alone. The de-
termination of these parameters is important as they peavisight into the physical properties of
the region around the central power source, play a key ragymthesis models of the cosmic X-
ray background and are important ingredients for Unificatieeories and torus studies. Although
broad-band measurements of AGN have been made in the pasly mih the BeppoSAX satel-
lite (e.g. [11]; [6]), these did not generally pertain to amlete sample of sources and were limited
to a few bright near-by objects. This is now changing withlthench of instruments having both
imaging and spectroscopy capabilities that can shed névdigthe hard X-ray properties of AGN.
In particular the imageBIS (Imager on Board the INTEGRAL Satellite; [12]) on board thEE-
GRAL (International Gamma-Ray Laboratory; [13]) satellite @imelBAT (Burst Alert Telescope)
instrument [1] on boar@wift [7] have been surveying the high energy sky providing a vieafit
detections of new and known active galaxies, which can be stadied in a systematic way for
the first time over the 15-200 keV band. Here we present thek Xamy properties of a complete
sample of 87 AGN detected BNTEGRAL [9]. We make use of botlBIS andBAT spectra, with
the aim of cross-calibrating the two instruments, studwaogrce variability and constraining some
important spectral parameters.

2. The Sample

The INTEGRAL Complete Sample of AGN has been extracted from a set of 148gatactic
sources listed in the thirtBIS survey [4]. All 140 sources have been firmly identified as AGR (
of type 1, 64 of type 2 and 13 Blazars). The complete samplsisiznof 87 active galactic nuclei:
41 type 1 AGN (Seyfert 1, 1.2 and 1.5), 33 type 2 AGN (Seyfédtdnd 2), 5 narrow line Seyfert
1s (NLSy1s) and 8 Blazars (QSOs, BL Lacs and Blazars). Thelmesample has been extracted
by means of the V/\ax test. Briefly, this test consists of comparing the volumesaoed within
the distances where the sources are observed (V) with themaaxvolumes (Vax), defined as
those within the distance at which each source would be dirttiteof detection. If the sample is
not complete, the expected value fo¥/V ya> is less than 0.5, while when complete it should be
equal to 0.5. Full details on the extraction of the complaima@e are given in [9] and [10].

TheINTEGRAL data used in our analysis consist of several pointings padd byl SGRI [8]
in the period comprised between launch and the end of ApfiB2@or a total of almost 40000
science windows, i.d NTEGRAL pointings. Full details on data reduction and product geticam
can be found in [4] and [5]. Analysis is performed in the 203-k&V band, and spectra are fitted
with XSPEC version 12.5.1, using g2 statistics; errors are quoted at 90% confidence level for
one parameter of intereshx?=2.71). We also make use of publicly availalSeift/BAT spectra,
retrieved on the welp these spectra are from the first 58 months of operationseoBilift/BAT

Lhttp://swift.gsfc.nasa.gov/docs/swift/results/bs 58
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telescope [2]. Note that the exposure times of the IBIS an@l 8#ctra are similar for the majority
of our sources, although they do not necessary cover the tiam@eriods.

3. BAT/IBIS spectral analysis: individual fits.

Figure 1 (left panel) shows th&IS photon indices plotted against tlBAT ones. There is
overall good agreement between tB&S andBAT photon indices, suggesting that our sources are
not affected, on average, by changes in their spectral sh&pely a few sources seem to deviate
from the 1 to 1 line, suggesting a possible change in theirtsgleshape between the observations
performed by the two instruments. However, the errors oh biates are large, thus indicating that
a more appropriate analysis is needed. Only 3C 273 deviaesicantly from the 1 to 1 line,
suggesting a possible change in the photon index.

Figure 1 (right panel) shows the 20-100 KERIS flux versus the 20-100 keBAT flux, both
obtained from the individual fits to the high energy specttas quite evident from the plot that
there are significant deviations from the 1 to 1 line, sugggghat above 20 keV long term vari-
ability is likely in all types of objects. Also evident frorhe figure is the tendency f&AT fluxes to
be more above the 1 to 1 line than below it, especially for dansources: this can be interpreted
as a sign of some systematics between the two instruments.

To quantify this mismatch we have calculated the ratiggsFgar for the entire sample and fit
a gaussian to their distribution in oder to estimate the naeathe relative error (the mean is 1.143
with an error of 0.035). We have then multiplied tBAT flux by this mean, taking into account
the errors and then we calculated agagdfFear to ensure that the new distribution is compatible
within errors with a gaussian having mean 1 (the new valué®itean is 1.003 with an error of

0.028). We then estimategdis-Fear/\/ (0,5 + 04a7), made the histogram of the values obtained
and fitted a gaussian to it; at this point we evaluated how nsanyces deviate from this gaussian
significantly and are therefore likely to be variable. Werdiiere consider a source variable if its
20-100 keV flux has changed by more thantitween théBlSandBAT observations. 11 sources
out of 80 (~14% of the sample) have undergone a change in their flux. licpkar 4 of these
variable sources are type 1 AGN, 2 are Blazars and 5 are typg2ts.

AGN flux variability at hard X-rays has been discussed by {&jng Swift/BAT data for 44
bright AGN: they found that blazars show stronger variaptthan Seyfert 1 and Seyfert 2 galaxies,
which instead present 10% flux variations or more in at leastthird of the sources analysed. The
comparison of our results with those of [3] is difficult, duethe different methods of analysis
employed; we do not see more variability in blazars than iyfe&ts, but the fraction of variable
sources in their sample and ours is similar. While we wouldehexpected flux changes to be
smeared out when considering average fluxes over long tatesscthe presence of 11 variable
sources suggests that flux variability is common at hardyXergergies, although its amplitude is
not dramatic and contained within a factor of 2.

4. BAT/ISGRI spectral analysis: combined fits.

After the individual fits onBIS andBAT spectra, we combined the two datasets and fit them
together. To take into account those few cases affected bydiltability and the likely mismatch
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Figure 1: Left Panel: IBISvs BAT photon indices derived from individual fits, employing simpower-
law model (absorbed by intrinsic column density in case p&t2 AGN).Right Panel: 20—-100keV fluxes
derived from individual fits ofBISandBAT spectra.

between thdBIS and BAT spectra, we have introduced a cross-calibration constam,the fit.
The model employed is a simple power-law, absorbed by Bitrinolumn density in the case of
Type 2 sources, where very high absorption could still &ffiee spectral shape even above 20 keV.

In the left panel of figure 2 the distribution of the crossimaltion constants is shown. As can
be seen from the plot, most sources have cross-calibratingtants around 1-1.5, implying that
in most cases the IBIS flux is higher than the BAT one; the medmevofC is 1.14+0.04, with a
dispersion of 0.24. Note that this value is close to the oatwould be obtained if the Crab nebula
was fitted simultaneously by the two instruments. The diistion, however, shows a tail towards
higher values oC, again an indication of the presence of variable sourcesisample.

Figure 2 (right panel) shows the photon indicE} distributions for the entire sample and for
each class of objects. For the entire sample, the averagerphaex is 2.00, with a standard
deviation of 0.33; for type 1 AGN we finekl' >=1.98 (©=0.17) while for type 2 AGN we find
<I>=2.10 (=0.41). Blazars have instead a slightly flatter averagegohwidex, i.e.<l'>=1.74
(0=0.46). We therefore do not find any dramatic difference ketwthe average photon indices
of type 1 and type 2 AGN, suggesting that the mechanism tloatges the high energy emission
is the same. It is also worth noting that the simple power+taadel employed generally gives
acceptable fits, although there are some sources that aveeliatescribed by such model. This
is indeed an indication of the presence of some degree ofrapbeomplexity, requiring additional
components to better describe the high energy emissioreséthources. In particular, we find that
a simple power-law is not sufficient to describe the high gnepectrum of 22 of our sources (25%
of the sample). However, when a high energy cut-off and/@flection component are added, the
fits yield better results. An example is GRS 1734-292, whasetsum is well described by a
power-law with a well constrained high energy cut-off (sgeife 3). Nonetheless, it is difficult to
get good constraints on all 3 parameters (photon indexoffnergy and reflection) at the same
time, therefore highlighting the need for broad-band gpdctr such task.
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Figure 2: Left Panel: 1BISvs BAT cross-calibration constants distribution. The verticdicsline represents
the average value df, the dashed lines and the hatched area represent the perafispiersion. Right
Panel: photon indices distributions, divided by source classu¥alare obtained from combin&sl SBAT
spectral fits.
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Figure 3: Left Panel: IBIS spectrum of the Seyfert 1 GRS 1734-292, the model enguléya cut-off power
law. As can be seen from the data-to-model ratio, the modkld@scribes the spectral shape of the source.
Right Panel: confidence contour levels of the photon index versus thedmgingy cut-off for GRS 1734-292.
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