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We present the broad-band X-ray characteristics of a camgéenple of 36 type 1 AGN, detected
by INTEGRAL in the 20-40 keV band above the Ta3evel. We performed the broad-band (1-110
keV) spectral analysis usingNTEGRAL/Swift/BAT observations together witkKMM-Newton,
Chandra, ASCA and Swift/XRT data. We also present the general average properties cdiie s
ple, i.e. the distribution of photon indices, high energirafis, reflection fractions and absorption
properties, together with an in-depth analysis of theiapseter space. We find that the average
Seyfert 1 power law has an index of 1.7 with a dispersion of Ol2 mean cut-off energy is at
around 100 keV, with most objects displayingik the range 50-150 keV;, the average amount of
Compton reflection is 1.5 with a typical dispersion of 0.7. dfgenot find any convincing correla-
tion between the various parameters, an indication thaaoalysis is not strongly dependent by
the interplay between them. Finally, we investigate howr#silts presented in this work fit into
current frameworks for AGN spectral modeling and Cosmidu3é X-ray Background synthesis
models.
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1. Introduction

It is now widely accepted that the Cosmic X-ray BackgrounXB¢ is the product of the
integrated emission of point-like extragalactic sourcesst of which are AGN [2], as predicted by
AGN synthesis models [5]. However, while below 10 keV thepghand the intensity of the CXB
is quite well understood [17], at higher energies, aroun#e30 or above, these quantities are less
well studied and the AGN contribution less defined. Recealyaes have allowed a better estimate
of the CXB spectrum above 10 keV [1]; these measurementg agtk an early HEAO Al result
[15] and are consistent within their systematic unceriggntSuch consistency is not present with
data at lower energies, where the measured spectrum maytbe-4f% larger. Synthesis models
need now to take this discrepancy into consideration. Paterlike the covering fraction and the
geometry of the Comptonising plasma are also needed todepeahe shape of the CXB above
30 keV [6]. The fraction of Compton Thick sources and the higlergy cut-off of the primary
continuum emission have to be considered as well. Sometrewatels [13, 12] also propose that
the power law slope, and its spread, and the reflection coamganay be important parameters for
models of the CXB. Determining all these parameters up toké®0and beyond is important so to
obtain a firm description of the AGN contribution to the CXBdamence a better understanding of
the accretion history of the Universe.

The continuum power law slope and its high energy cut-oftadse essential for AGN spectral
modelling, since they are linked to the characteristicheif@omptonising region around the central
nucleus. These quantities are crucial for understandingetsand discriminating between them.
While the photon index distribution has been well invegtga31, 29], observational results on
the cut-off energy have so far been limited by the scarcitme&surements above 10-20 keV.

Here we present the analysis on tNdFEGRAL complete sample of 36 type 1 active galaxies,
selected in the 20-40 keV band and listed in the third IBIGIRS catalogue [4].

2. The Complete Sample: General Properties

The spectra of the 36 type 1 AGN have been fitted with an exgilgncut-off power law
model, reflected from neutral material, plus Galactic antdnsic absorption and a gaussian com-
ponent to model the iron & line at 6.4 keV when needed.

Almost 60% of the sample sources, despite being type 1 AGaiire absorption in excess
of the Galactic value; for these absorbed objects, the iaj@6%) have a simple absorber fully
covering the source, while 24% require (in addition or inditbtion) a more complex type of
absorption (see left panel of figure 1 for the Mistribution). The presence of strong absorption
up to 2-5¢10%3 cm~2 in these AGN is at odds with their type 1 classification, b tan be
explained assuming the “clumpy torus” model [9]. In this ralpdhe torus is not a continuous
toroidal structure, but is rather made of clouds witB%kNy <107 cm~2, distributed around the
equatorial plane of the AGN. Therefore, the difference leetwtype 1 and 2 AGN is not only due
to orientation but also on how many clouds our line of sigiricepts. The average value of the
absorbing column density is 04072 cm2, with a larger or smaller spread depending on whether
complex absorption objects are included or not. Our meawmegahre close to the average column
density for broad line AGN observed by BAT [35]; much higheemge values were instead found



The INTEGRAL Complete Sample of Type 1 AGN M. Molina

10F [
L * Sl ’
°r L ] 10} ]
4 . i
[ Sr ]

2r ] [

o] | ‘ ] 0Lz o

20 21 22 23 24 25 0 100 200 300 400

Log NH Cut—off Energy (keV)

Figure 1. Left Panel: intrinsic Ngdistribution (horizontally hatched histogram: complesatption; di-
agonally hatched upper limits; filled histogram: lower lijriRight Panel: high energy cut-off distribution
(hatched histogram: lower limits).

in other works [8, 25], possibly due to the presence of corplesorption sources in these samples.
It is however difficult to compare results when differenitigt models/approaches are used and care
must be taken when making such comparisons.

The mean photon index for the whole sample is 04, flatter than the canonical value of
1.9 generally assumed for type 1 AGN. It is also lower thanvwilee found for 43 type 1 AGN
observed witiBeppoSAX [8], possibly because we made use of a complete sample oyl
selected AGN, rather than randomly chosen bright sourceéker@esults [35, 25, 33], obtained
using both soft and hard X-ray data for type 1 or for both tyg®d 2 AGN, provide similar values
to what we find in our sample.

The mean high energy cut-off is 1883 keV, the distribution of values for this parameter
shows that most objects fall within the range 50 to 150 ke¢ ¢ight panel of figure 1). Our value
is lower than the mean value of 230 keV found for sources e@bsewith BeppoSAX [8, 18]. The
sample has also been tested against the correlation bethve@hoton index and the high energy
cut-off [30, 21, 28], but we found no evidence for it.

The mean reflection fraction is 1®.7; the parameter distribution has a peak at around with
a tail extending to values & as high as 11.%.Such strong reflection might be present when more
primary X-ray radiation is emitted toward the reflector thaward the observer, as is possible in
the case of strongly variable nuclear emission or when tisex¢éime delay between the underlying
continuum and the reflected component [20, 26]. Anotheramgtion might be a peculiar geometry
[19] or general relativistic light bending effects [10, 224,]. In other cases, the reflection fraction
is very high simply because there is a large mismatch betXegy and soft gamma ray data due
to flux variability [23, 24].

We tested the reflection fraction and the cross-clibratimmstant for a correlation, since they
are related in the fitting procedure, but found that, at masteak one exists. A correlation be-
tween the photon index and the reflection fraction was algestipated. This correlation might
be explained assuming that the cold medium, responsibléhéoreflection and surrounding the

IThese sources are not accounted for in the average catrulati
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Figure 2: Left Panel: iron line EW distribution. (hatched histogram: upper lishi Right Panel: reflection
fraction vs. EWfor radio-loud (blue boxes) and radio-qeagenta circles) sources.

corona, affects the hardness of the X-ray spectrum [36, B®jwever, it has to be noted thit
andl” might be strongly linked in the fitting procedure and therefa trend in the parameter space
may not be entirely physical. In our data there is no eviddocesuch a correlation. We have
also looked for a correlation between the reflection fraxctad the high energy cut-off, but found
none. We can therefore conclude that we do not find any eved&rccorrelations between, R
and E, an indication that the interplay between these quantiltes not have an important part in
the fitting procedure and has not introduced spurious ogighiips in our analysis.

The distribution of the iron I& line equivalent widths is shown in left panel of figure 2. The
mean value of EW is &861 eV, fully compatible with the results shown in [3]. Ourwelis lower
than the average of 177 keV found by [35] using only the typeaINAN their sample; their spread
is however large (142 eV) so that our result overlaps th&ifs.also found that most sources have
narrow Fe Kx lines, with only~15% of the sample requiring a broad line, lower than what foun
by [16]. We also searched the data for the anti-correlatetwveen EW and source luminosity, the
so-called “X-ray Baldwin” or “lwasawa-Taniguchi” effecR@], but found none. If the iron line
emission is entirely associated with the optically thickteni@l of the disk, one would expect the
line EW to correlate with the reflection fraction. Figure Bt panel) shows a plot @R vs. EW
for the entire sample, with radio loud objects separatenhfradio quiet sources; as can be seen,
there is an indication of a weak correlation at most. Not¢ tiva reprocessing features in BLRG
tend to be, on average, quite weak with respect to their rquiiet counterparts [14, 32].

3. The Complete Sample: Spectral M odeling

A good fraction of AGN spectral models ascribe the power lashe inverse Compton scat-
tering of soft photons off hot electrons. Within this scémathe power law photon index and the
high energy cut-off are directly linked to the temperatunel aptical depth of the Comptonising
hot plasma. Knowing these two quantities is therefore venyartant for understanding the char-
acteristics of the plasma near the central engine. The valfile and E are in fact linked to the
Comptonising hot plasma temperaturecldnd optical deptir by a simple relation [28] In our
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sample the mean value ot s ~110 keV, with most objects in the sample falling in the range
50-150 keV, hence suggesting a range of plasma temperditane0 to 80 keV (or 2-%10° K).

As for the optical depth of the plasma, with our results we firid the range 1 to 4. These values
are in agreement with previous results for a sample of Sey#28].

4. The Complete Sample: Cosmic Diffuse X-ray Background

A fundamental parameter for CXB synthesis models is thedbl@and spectral shape of type
1 AGN. The average slope of the power law is generally takemett=1.9, mainly from obser-
vations performed at low energies; a harder average sjpectreians a stronger contribution from
unabsorbed AGN and hence a lower number of obscured soemeisad to match the CXB. Up to
now the dispersion around this mean photon index value haergty been neglected, but recently
[13] have shown that the CXB spectrum can be hardened ned@GitkeV peak by as much as
20-30% by taking into account a dispersion in photon ind@®&8.2 or more. Since observations
above 10 keV have been less frequent up to now, the cut-offgrand the reflection bump are
the less well constrained parameters. While it is well kndlaat an exponential cut-off must be
present around a few hundreds of keV, in order not to violagepresent level of the CXB above
100 keV, values of 200 keV and up to 500 keV have been used petbte A better constraint on.E
is therefore a very important issue. The characteristid blpe and the 40 keV break of the CXB
indicate, besides the existence of heavily absorbed a&hjée presence of at least some reflection
in AGN spectral energy distributions, and CXB synthesis atetlypically use a reflection fraction
R~1 [13]; [12]. Clearly the higher the reflection, the less impat becomes the contribution of
Compton thick AGN.

Taking all these facts into account, it can be stated thatQKe is simply the integrated
emission of absorbed and unabsorbed AGN, as shown by thelatiaux-ray spectrum of local
AGN selected at high energies [35], [33], [34].

Our data focused for the first time on a high energy completgtaof type 1 AGN might be
able to provide key information on the AGN average continwglope and dispersion and a better
definition of R and E. In the recent work of [13], & of 1.9, a cut-off energy of 200 keV and a
reflection of 1 were assumed, while the spectral index dismerwas similar to the value found
in the present work. A flattef and a lower E for the average spectrum of unabsorbed sources
have a strong impact on the synthesis model of the CXB, pdatily with respect to the fraction
of Compton thick sources required to match the 30 keV peatholigh our results are in contrast
with previous studies, we note that they agree with the iteestimate of the cumulative hard X-ray
spectrum of locaINTEGRAL AGN [33, 35]. Thus the observational evidence gathered sbyfa
hard X-ray surveys points to a flatter average spectrum assilgg a lower E as found in this
work. It would be interesting to explore the consequencefittaig the CXB with our range of
parameters, particularly with reference to the fractio@ofmpton thick sources needed to provide
a self-consistent fit.
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