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ABSTRACT

In this letter we present the primary continuum parametdies,photon index
and the high energy cutfick,, of 41 type-1 Seyfert galaxies extracted from tNGE-
GRAL complete sample of AGN. We performed a broad band (0.3-190) &pectral
analysis by fitting simultaneously the soft and hard X-ragct@a obtained bXMM
and INTEGRAL/IBIS-Swift/BAT respectively in order to investigate the general prop-
erties of these parameters in particular their distribuiad mean values. We find a
mean photon index for the whole sample of 1.73 with a standewéhtion of 0.17 and
a mean high energy cutfoof 128 keV with a standard deviation of 46 keV. This is
the first time that the cutfbenergy is constrained in a such large number of AGN. We
have 26 measurements of the ctit-ahich corresponds to 63% of the entire sample,
distributed between 50 and 200 keV. There are a further 1&rddmits mostly below
300 keV. Using the main parameters of the primary continunenhave been able to
obtain the actual physical parameters of the ComptoniZggn i.e. the plasma tem-
perature kT from 20 to 100 keV and the optical deptk4. Finally, with the high
S/N spectra starting to come froMuSTAR it will soon be possible to better constrain
the cut-df values in many AGN, allowing the determination of more pbgbsimod-
els and so to better understand the continuum emission aydegey of the region

surrounding black holes.

Subject headings. galaxies: active — gamma rays: galaxies — X-rays: galaxies
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1. Introduction

The advent of high energy observatories IRFTEGRAL and Swift has provided greater
depth to the study of active galactic nuclei (AGN), as theypte information on spectral features
which cannot be explored without observations performexv@ld0 keV. The high energy data
are crucial not only to estimate the slope of the continuurission over a wide energy band but
also to measure the high energy ctitand the reflection fraction, which are important physical

parameters.

Firstly, they are important parameters for evaluating ti&NAcontribution to the cosmic
X-ray background (CXB); indeed, while the fraction of theskved CXB into discrete sources
is 100% determined below 2-10keV, 50% in the 7-10 keV banded®omes negligible at higher
energies i.e. above 10keV, just where its spectral intgmpaaks at around 30 keV. In order
to reproduce the shape of the CXB, synthesis models (e.g.aSmnet al. 2005) use several
parameters such as the fraction of heavily obscured squteeso-called Compton thick AGN
characterized by N>10%*cm™2, the coverage and the geometry of the cold gas distributechar
the black hole responsible for the reflection hump, and tgh bBnergy cut-fi of the primary
continuum emission, which is not well determined. Receridythe estimation of the AGN
contribution to the CXB, several models have been propdasaddhi et al. 2007; Gilli et al. 2007;
Comastri 2004) which take into account the average powemplaoton index (and its standard
deviation in values) and the spread of the average fiignergy instead of the single mean values.
Therefore, the determination of photon indices and d¢tienergies, their mean values and their
distributions over a wide sample of sources, covering a nadge of energies (above 100 keV), is

essential to obtain a much firmer estimation of the AGN cbntron to the CXB at high energy.

Measuring the slope of the continuum emission and the higiggncut-df of AGN is
also important because both parameters enable us to uambtbe physical characteristics and

the geometry of the region around the central nucleus. AGitspl models that focus on the
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reproduction of the observed shape of the primary continasonibe the power-law to the inverse
Compton scattering of soft photonf ot electrons located above the accretion disk in the
so-called corona (Maraschi & Haardt 1997; Zdziarski 1988jhe framework of this disk-corona
system, the temperature k&nd the optical depth of the scattering electrons mainly determine
the spectral slope, while the cuff@nergy is related essentially to kThus simultaneous
measurements df and E allow us to understand the physical parameters of the Camgitg
region. The more accurate the measurements on these pargntie¢ better we can determine the

geometry and the physical properties of the inner regioh®®GN.

Up to now, several studies have been carried out to speafyligtribution of the photon
indices both in the soft 2—-10 keV (Bianchi et ial. 2009) anddi20—100 keV X-ray bands
(Molina et all 2013) while, after early results coming in ##90s from théBeppoSAX which had
a broad spectral coverage (2—100 keV), measurements othiglgy cut-&'s have been limited

by the scarcity of observations above 10 keV.

With the launch of NTEGRAL and Swift the number of AGN detected above 10 keV has
grown enormously but to properly measure the high energyftua broad-band spectral study
is needed. This implies that both low and high energy spéwve to be fitted simultaneously
employing spectra with high statistical quality such assthacquired, for example, with
XMM-Newton and INTEGRAL. It has been demonstrated (Molina et al. 2009; de Rosa et al.
2012; Panessa et al. 2011) that the match betwdd andINTEGRAL spectra is good with
a cross-calibration constant between the two instrumentsa 1. Therefore, when a constant
different from unity is found, this generally indicates flux afions between the soft and the hard

X-ray domain.

In this letter we report on the high energy cuf-measurements and their distribution, derived

from the analysis o0KMM plus INTEGRAL/IBIS and Swift/BAT data of all 41 Seyfert 1 galaxies
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out of the 88 sources listed in thETEGRAL complete sample of AGN (Malizia et/al. 2009).

2. Broad Band Spectral Analysis

In this work we have performed 0.3-100 keV spectral analysal type 1 Seyfert galaxies
included in thelNTEGRAL complete sample of AGN, excluding only 5 narrow line Seyfert
galaxies which were extensively studied|by Panessa et@11§2 For all 41 AGN we have
collectedXMM-Newton observations in the soft band aldTEGRAL/BIS plus Swift/BAT

observations in the hard X-ray domain.

EPIC-pn_Turner et all (2001) data were processed usingtid-Newton Standard Analysis
Software (SAS) version 12.0.1 employing the latest avé&lablibration files and following the
spectral data reduction as.in Molina et al. (2009). Sincesources are bright in X-rays, several
of them were ffected by pile-up and for them only patterns correspondingjrigle events
(PATTERN = 0) were considered. TH&NTEGRAL data reported here consist of ISGRI data
from several pointings between revolutions 12 and 530these coming from the fourth IBIS
cataloguel/(Bird et al. 2010). ISGRI data analysis and theageesource spectra extraction has
been obtained following the procedure described by Molired §2013). The SwifBAT spectra
(Baumgartner et al. 2013), taken in order to improve thessied at high energies, are from the
latest 70-month catalogﬂlelBIS and BAT analysis has been performed in the 20-100 ke¥/ an
14-100 keV band, respectively.

It is worth noting that the broad-band spectral analysislafge fraction of our objects has
been previously reported in Molina et al. (2009), BKiMM andor Swnift/BAT data were available
at that time only for a limited number of AGN and the rest hadgaificantly poorer spectral

guality at low energies. For 3 sources (NGC 3783, IC 4329Al1&1RI J21247-5058) we do not

thttpy/swift.gsfc.nasa.ggvesultgbs70mon
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perform a new spectral fitting and use the values in Molind.€2809). This is due to the fact
that: a) we already had good constraints on the spectraésdragh b) the data have been recently
confirmed bySuzaku (NGC 3783| Brenneman etlal. 2011; Patrick et al. 2011; IGR4215058
Tazaki et al. 2010) anNuSTAR (IC 4329A Brenneman et al. 2013; Harrison et al. 2013).

We fitted simultaneously the soft and the hard X-ray speditained byXMM and
INTEGRAL/IBIS-SWwift/BAT in the 0.3—100 keV energy range, usXgPEC v.12.8.0, with errors
quoted at 90% confidence level for one parameter of interggt£ 2.71). To fit the 0.3—-100 keV
continuum, we considered a baseline model commonly usetl hoofad-band X-ray spectra,
composed of an exponentially cuff@ower-law reflected from neutral matt®EKRAV model
in XSPEC), where R, defined a&/2x, is the parameter which corresponds to the reflection
component. Since we are analyzing type 1 sources, we haumadsa face-on geometry and

fixed the inclination angle of the reprocessor t6.30

At soft energies Galactic absorption has always been ceresicand, when required by the
data, intrinsic absorption in terms of simplg¢and complex, cold or ionized absorbers have been
added §ABS, PCFABS, ZXIPCF). Since the low energy part of type 1 AGN spectra often shows
clear signs of a soft excess, this has been generally fittddamihermal componenBRENSS)
when present. A gaussian component has also been includedket into account the presence
of the iron Ka line at around 6.4 keV; in a few cases, residuals around 7 ke hlso been
fitted adding a second gaussian line to take into accountahek3 feature. Finally, to take into
consideration possible flux variations between instrusyemé¢ have introduced cross-calibration
constants which we left free to vary, keeping in mind thatstle mis-calibration between
XMM andIBIS or BAT could mimic or hide the Compton reflection component abovikelO
(de Rosa et al. 2012). In the cases of NGC 4151, NGC 4593 andt&B,7the fit has been

performed over a more restricted energy range (2—100 ke\rder to avoid complications
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due to low energy features, such as the complex warm absaevbese treatment is beyond the
scope of this work. Here we focus on the primary continuunaipeaters, i.e. photon index and
cut-off energy and to properly interpret these results we also réipelow energy components
(soft-excess and absorption). For completeness we likiraibn constants and goodness of fit
(see Table 1). Since the primary aim of the present letter s$udy the cut-fi measurements and
to determine their distribution, we will not report the wlalpectral parameters, such as reflection
fraction and iron line features, and defer to an upcomingkwie discussion on the spectral

complexity of each type 1 AGN of thdN\TEGRAL complete sample.

As shown in the table, there are 6 sources where, in ordent® dgood broad-band fit, it
has been necessary to fix the photon index to the best fit valuefusing theXMM data alone;
in five of them both the values of tH#AT andIBIS cross-calibration constants are consistent with
unity, indicating that the continuum shape at energies @al2®keV is consistent with that in the
2-10keV band. Instead in LEDA 168563 the a cross-calibmatemstant betweeXMM andBAT
is in the range [0.53—0.65], probably due to variabilitytgsaof the source at high energy as the
difference between tH8AT andIBIS 20-100keV fluxes suggestsgffr = 3.8x 10 *tergcnr? s
and Fgis = 5.3x 10 *ergcnt?s™?). For B3 0309-411B and IGR J18027-1455 we have used
only theBAT data for the 20—100 keV band, since the former source hasdetented byBIS
in a burst map (see Bird etlal. 2010) and the latter has beerdftuube extremely variable
(see_Moalina et al. 2009); in both cases, the extrapolatiah@high energy spectrum from the
2-10keV band gave a source status more consistent witBAfieneasurement and hence we
chose not to use th@ISdata. Only for IGR J18249-3243 is there BAT observation available;
moreover, this source has also been detectd@kiyby means of the burst analysis, so the overall
ISGRI spectrum, extracted from th&4BIS catalogue is of very poor quality-(30-). Therefore
for this source the spectral parameter values should ba takh some caution. Care should
also be used for IGR J16119-6039, as this galaxy is insidé&ltima cluster (A3627) and thus,

as already pointed out by Ajello et al (2010), we should ekpeatamination from the cluster
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thermal emission in the high energy spectrum of this source.

3. Reaults

In Table 1 we report the fit results only for the spectral pagtars which are of interest in
this work; the goodness of our fits (see last column in theedablexpressed in terms of reduced
2 and, as a further indication, we also report the values ofwtloecross-calibration constants
betweenXMM andBAT and betweerXMM andIBIS which are generally both close to unity,
with the exception of a few variable sources (e.g. NGC 415C(3v08-11-011).

In this letter we report and discuss the general properfipsimary continuum parameters,
photon index and high energy cuffofor a large number of type 1 AGN. We calculated their
average values using the arithmetic mean and study théaiibdison using the standard devialﬂm
We choose to adopt this simple approach because of the exttemgaussianity of the data
points and their asymmetric errors, which can be ignorediimanalysis. In Figurgl1 is shown the
distribution of photon indices of the entire sample. Thédslahe atl” = 1.73 represents their mean
value, while the dashed lines indicate the relative spré®d1d. This mean value is consistent
with that previously found in Molina et al. (2009 (C > = 1.72, spread 0.2) and with the mean
photon index ok I > = 1.73 (spread 0.45) obtained for 156 radio-quiet, X-ray scabed
AGN analysed in the 2-10 keV band for tKM-CAIXA catalogue by Bianchi et al. (2009). It
is worth noting that the XMM-CAIXA is the catalogue most coatiple with our sample as it
contains bright AGN similar to ours, further it must be emgibad that their mean photon index
value has been obtained assuming the presence of the ilectnponent, as done in our work.
It is clear from the figure that the majority of sources faltle range 1.4-2.1 and that the mean

photon index is slightly flatter than 1.9 which is the standaalue generally assumed for type 1

2 ower limits have not been considered in this evaluation.



AGN.

Of the 41 type 1 AGN analysed in this work, we have been abletstrain the cut
energy in 26 of them, which corresponds~63% of the entire sample. In four sources (B3
0309+411B, NGC4593, 2E 1739.1-1210 and IGR J18249-3243) theftetiergy is found at
energies much higher than tH& SBAT bandpass and so could not be estimated; for the remaining
11 sources only lower limits are available. Figure 2 represthe main result of the present work,
as it shows the distributions of EThe mean value of the cufeenergy is 128 keV with a spread
of 46 keV and its distribution ranges from 50 keV to 200 ke\hfraning the previous results of
Molina et al. (2009). Also the majority of the lower limitseabelow 300 keV with only a few
exceptions (IGR J13109-5552, IGR J17488-3253 and MCG-8B22). The few lower limits
found above 300 keV indicate that higher ctif-energies may be present but only in a small
number of AGN. However, as we only have data up to 100 keV tloeger limits resulting from
the fits must be treated with some caution. It is clear thatthext energy in type 1 AGN has a
mean value lower than previously found (e.g. Dadina 2008)raare in line with the first results

coming from NuSTAR (see Matt ZOHQnd Brenneman et al. 2013).

We can use the results on photon indices and @uemergies to test a possible correlation
between them. In the past a trend gficreasing with" steepening has been found (Matt 2001;
Petrucci et al. 2001), but it is still debated since it is vkelbwn that a degeneracy exists between
the photon index and the high energy ctitia the spectral model employed. The high energy
cut-ofs measured for our sample are plotted against their respaatioton indices in figurig 3,
but no evident trend is found between these two quantities fas also been confirmed by using
the Pearson statistical test on the two sets of data. Theeteshs a low correlation céigcient of

r~0.16 (if upper limits are ignored is 0.12); we point out that the errors on the parameters are

3http;//astro.u-strasbg,/fgoosmanfgAstronomyBH_AccretionSessiori/sessiontalk_matt.pdf

4The square of the correlation dfieientr is normally used as a measure of the association
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not considered in this test. The lack of any correlation leetwthe primary continuum parameters
indirectly tests the results of our data analysis confirntireg the parameter degeneracy does not

affect our fitting procedure.

Finally, in order to show the goodness of our fit, in Figure 4pha of the cross-calibration
constants between XMM and BAT{ar) versus XMM and IBIS Cigis). The good match
between the two cross-calibration constants is quite olkepite the fact we would have expected
some variations betwedlsar andCigs, being both datasets averaged ovéfedent observation
time. This confirms that long term variability is not so conmai high energies in type 1 AGN
(Beckmann et al. 2007). We found mean values of 0.97 withespoé 0.31 and 1.07 with spread

of 0.33 forCgar andCigs, respectively.

4. Discussion

In the present work we have been able to determine the maameaers of the primary
continuum:T and E. Following/Petrucci et al. (2001), within this scenario, ean obtain the
actual physical parameters of the Comptonizing region ftbese spectral components. The
plasma temperature KTs estimated as kEE./2, when the optical depthsl, while forr>1

kT.=E./3 would be more correct. Using the following relation frontrieci et al. (2001):

9 Mec2 vz 3
r-1={=>4_——= 1 _=Z
4 KTer(1+ 7/3) 2

and knowing the temperature, we can calculate the optigahdessuming the spectral index
derived from thePEXRAV fit. We have previously estimated that the mean value . dbEour
sources is+130 keV, ranging from 50 to 200 keV; note that higher cfitemergies may be present

but only in a small number of AGN, as also indicated by soméneflower limits found. Taking

between two variables.
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into account the most likely range of Estimated for our sample, we have derived the most
probable range of plasma temperatures Which is from 20 to 100 keV (or 2 - 1210FK).
Assuming our average value B£1.73 and solving the equation for both low and high values of
and E, we get acceptable solutions foin the range 1 to 4. These results are in good agreement
with those previously found by Petrucci et al. (2001) for aairsample of Seyfert 1 galaxies and
with those found by Molina et al. (2009) and indicate thatgleesma has a typical temperature of

(50+30) keV and an optical depth k4.

Our findings on the high energy-cutf@re consistent with the synthesis models of the CXB
which often assume an upper limit @200 keV. This assumption is essentially determined by the
intensity and shape of the CXB spectrum above 20-30 keV, wtamnot be exceeded. In fact if
one uses a value of.Bf 300 keV it becomes dicult to accommodate all available observations

and CXB measurements (Gilli et/al. 2007).

5. Conclusions

In this work we presented the broad-band spectral analyid eype 1 AGN of the
INTEGRAL complete sample by fitting togethEMM, Swift/BAT andINTEGRAL/IBIS data in
the 0.3—-100keV energy band. We found that the mean phota&xiisdl.73 (standard deviation
of 0.17) confirming previous results frokMM andINTEGRAL. The main result of this work is
that for the first time we provide the high energy ctitdistribution for a large sample of type 1
AGN: 26 objects out of 41 analysed which corresponds to 63%aofple. We found a mean value
of < E. > of 128 keV with a spread of 46 keV indicating that the primaoytnuum typically
decays at much lower energies that previously thought. e that this mean value is in line
with the synthesis models of the cosmiéfdse background which often assume an upper limit of

~200 keV and emphasize that some of the same of thefEsitvteasurements reported here are



- 12 —

now being confirmed bNuSTAR (Brenneman et al. 2013). It is worth noting that NUSTAR will
be hugely advantageous for this science with its higth ut only for sources with a relatively
low cutdft, i.e.,< 150 keV or so. The precision of the measurement of a rollovevathis energy
would be compromised due to NUSTAR'’s lack difeetive area above 79 keV. From the primary
continuum parameters we have indirectly estimated ther@aonditions surrounding the black
holes, which in our sample has typically a temperature imge&0-100 keV and an optical depth
7<4. A more direct estimate of the electron plasma temperatutlecorona optical depth in AGN
will be provided in the near future OYuSTAR observations, which cover a broad band from 3-79
keV with much higher sensitivity thalNTEGRAL/Swift. IndeedNuSTAR will be able to constrain

all AGN spectral parameter§ (E. and R) contemporaneously with great accuracy as has rgcentl

been demonstrated (Natalucci et al. 2013).

We acknowledge the Italian Space Agency (ASI) financial paognatic support via contract

1/03310/0
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Fig. 1.— Photon index distribution of the entire sample. @iaghed lines represent the parameter
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Fig. 2.— High energy cut4d distribution of the entire sample. The diagonally hatchistidigram

represents sources for which only lower limits gfdte available.
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High Energy Cut-0Off vs. Photon Index — Type 1
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Fig. 3.— High energy cut4b vs. photon index.
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Cross—Calibration Constants — Type 1
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Fig. 4.— Plot of the cross-calibration constants betweermy)Xand gamma ray dat&zar is the
XMM and BAT cross-calibration constant a@¢gk;s is the XMM andINTEGRAL one. The 1to 1

(Cgar=Cgis) line for the constants is also shown.



Table 1.

Main spectral parameters

Source kT I\ﬂc(a) Nﬁc(b) (cf) N\AV(C) (log & - cf) r Ec Cgar Ciais x? (dof)
keV (x 1072 cm2) (x 1072 cm?) (x 10722 cm?)
IGR J0033-6122 1.66793 1.50°032 >52  0.88922 1.29042 388.3 (365)
QSO B024%62 0.147298 1.739%2 >138 115332 1.02:531 394.4 (492)
B3 0309411 1.83093 1.64°08 421 (424)
3C111 0.38201 1.65004 136137 0.60°0%7  0.8751%  1069.6 (1028)
LEDA 168563  0.3759} 1.70(fixed) 177334 059095 0.807013 1495 (1327)
4U0517%17 0.10°2%2 65.03% (2.5 fixed - 0.240.12)  1.78(fixed) 175§ 1.100512 1.1031¢  1800.3 (1634)
MCG+08-11-011 17999 17148 056013 052012 1364.7 (1402)
Mrk 6 1.13275(0.84:0.02) 153014 131732 1.00025  1.04533  1276.7 (1283)
11.472%8 (0.13+0.10)
IGR J07597-3842  0.189%3 158004 7922 0.86022 0.9852° 286.7 (282)
ES0209-12 0.11053 168005 1357302 1.09023 1.685% 597.1 (534)
FRL1146 0.18251 0.32°208 17491 8413 08903 0.97552 421 (386)
SWIFT J0917.2-6221  0.0§3% 2.74220(0.82:0.02) 165098 e8til  1.8203%  1.66547 759 (759)
SWIFT J1038.8-4942 .- 7.117393(0.68239) 1.70°922 >114  1.28285 1827088 186.8 (178)
243753 (080539

NGC 3783 1.16937 17598 9872 06501 093928  1605.3 (1768)
NGC 4151 6.58033 (0.87:0.01) 1.63054 1969 040051 0.375%1  1580.4 (1449)
Mrk50  2.24'799 2.047052 >89  1.380[2 156537 753.5 (763)
NGC 4593 1.82+003 0.60°057  0.79°02°  1569.9 (1507)
IGR J12415-5750 153004 175236 1.070Z%  0.74518 4553 (434)
IGR J13109-5552 14409 >357 117039 0.83531 300.5 (318)
MCG-06-30-15 0.38912 1977989 6325 12201 1.34529 11127 (1038)
4U 1344-60 0.93212 474152 (0.53:5%) 1.80°021 >101  0.61213 0.68318  644.3(604)



Table 1—Continued

Source KT Nc@ NEC® (cf) NYY (log ¢ - f) r Ec Caar Ciais x2 (dof)
keV (x 1072 cm2) (x 1072 cm2) (x 10722 cm?)
48.22 4% (0.34312
IC 4329A 0.35201 1817083 15231 0.85012  1.06517 1699.4 (1617)
ESO511-G030  0.20.01 1.82 (fixed) 10030 0.7921§ 1.08022 1119.1(1049)
IGR J16119-6036 1.88983 >100 109327  1.42:538 598.3 (630)
IGR J16482-3036 - 0.07°2%2 1.60:5%8 163220 05201>  0.60'028 598.3 (576)
IGR J16558-5203  0.5§97 1.71 (fixed) 194202 0.99234 0.9929%  503.38 (550)
GRS 1734-292  0.18%3 1.98239 155085 5824  1.0307 1.12522 455.1 (462)
2E1739.1-1210 - 0.17+59 2.12:5%8 1.0751% 11002 602.0(613)
IGR J17488-3253 0.37+598 17789 >400 08831 19453  210.7 (201)
IGR J18027-1455 0.38218 (<0.88) 1.62°020 >86  0.95072 538.2 (517)
IGR J18249-3243 6.84'555 (0.21731}) 2.047054 0.747327 672.7 (734)
IGR J18259-0708 0.90'541 1.68:512 10940 08008 086532  941.2(979)
3C390.3 0.620.04 156993 9720 117007 106912 1423.9 (1507)
2E 1853.41534 0.23295 (>0.85) 165 (fixed) 8950 0.8022 1.0303° 365.6 (434)
NGC 6814 1.685%2 190185 107013 1.20'039 771.0 (770)
4C 74.26 0.19 (fixed) (2.6 fixed) 1.88% 1897111 0.63508 0.78037 12855 (1267)
S52116-81 1.90°254 >180 1.0123% 145710 451.9 (445)
IGR J2124%5058 0.77°318 (0.89° 522 148008 792 0.65700° 0.86'595  2276.7 (2555)
77876 0-27505
RX J2135.9-4728 0.27°3%1 1.62 (fixed) 7658 0.80392 0.80°0%3 712.9 (689)
MR 2251-178 0.73239(0.33553 - 0.53+0.5) 1.670%8 1383 095920  0.943%7 990.1 (993)
MCG-02-58-022 4.16280 (0.30:0.03) 1.95052 >510 1.68033 1.0870%°  468.0 (450)




Note. — Error quotes at 90% confidence level for one intergstiarameter; (a): ﬁF refers to the cold absorption fully covering the source: (‘{hﬁc refers to the cold absorption(s)
partially covering the nucleus, with cf being the coveringcfion; (c): m’ refers to the warm absorption, Iggs the ionization parameter and cf is the covering fractiah); soft excess

fitted with a power law of'=2.5.
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