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We present preliminary results on the variability propestof AGN above 20 keV in order to
show the potential of theNTEGRALIBIS/ISGRI andSwiffBAT instruments for hard X-ray tim-
ing analysis of AGN. The 15-50 keV light curves of 36 AGN olset by BAT during 5 years
show significantly larger variations when the blazar pofioifais considered (average normal-
ized excess variang@iys) = 0.25) with respect to the Seyfert on@gys) = 0.09). The hard
X-ray luminosity is found to be anti-correlated to the vaiiy amplitude in Seyfert galaxies
and correlated to the black hole mass, confirming previoukfgs obtained with different AGN
hard X-ray samples. We also present results on the SeyfatakyIC 4329A, as an example
of spectral variability study withtNTEGRALISGRI data. The position of the high-energy cut-off
of this source is found to have varied during INFTEGRALobservations, pointing to a change
of temperature of the Comptonising medium. For severahbi&gpyfert galaxies, a considerable
amount ofINTEGRALdata have already been accumulated and are publicly alaiklowing
detailed spectral variability studies at hard X-rays.
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1. Introduction

Variability at all observed wavelengths is a distinctivaccteristic of objects hosting an ac-
creting black hole, in particular AGN. The study of the timiproperties of AGN can provide
important information about the structure, the physics tireddynamics of the radiating source.
In the last years much progress has been made to charadteziZ&GN variability in the 2—-20
keV X-ray range, in particular since the launchRXTEin 1995. On the other hand, the global
variability properties of AGN at hardest X-rays above 20 Kke&We been poorly studied in the past.
Some studies of the spectral variability of AGN during difiet flux states were carried out with
CGROOSSE an®BeppoSAXDS (e.g. [1]), while a long term monitoring at hard X-rayasmot
possible due to the relatively small field of view of thesammsients and the observation strategy
of these satellites. The only exception was the BATSE insént on board o€GRQ that detected
a handful of AGN using the Earth occultation technique [2, 3]

INTEGRALIBIS/ISGRI [4, 5] andSwiffBAT [6] offer now a unique opportunity to observe
a large number of AGN on different time scales in the hard X&and above 20 keV. The first
instrument is more suited for investigating the spectraiatimns in bright and well monitored
AGN, as already shown, for example, for NGC 4151 [7] and M@X5—23—-016 [8]. On the other
hand, the BAT provides a database to study the timing prigseof a large AGN sample.

The results obtained from the first 9 monthsSWiffBAT observations have been reported
for 44 AGN detected at more than d@ver this time period [9]. The blazars had been found to
show the highest variability, and 30% of the Seyfert galsiethe sample showed variability of
> 10% with respect to their average flux. A general trend ofdasing variability with absorption
had been detected that could be ascribed to other two medati@. the anti-correlation between
absorption and luminosity (observed by different X-rayveys [10, 11]) and between variability
and luminosity, observed also in the BAT sample.

About 6 years of publidNTEGRALdata and 5 years ddwift data are currently available,
providing the possibility to extend this kind of studies tanaich larger AGN sample and with
better statistic. In Fig. 1 an example of BAT and ISGRI harda)-light curves for the bright
Seyfert 1 galaxy IC 4329A is shown.

2. Swift/BAT long-term monitoring

Since November 2004, the instrument BAT [12] on board3ift satellite has been observing
the sky in the 15-195 keV energy range and, thanks to its lietgk of view of ~ 1.4sr and to
Swifts observing strategy, it has been monitoring a large nurableard X-ray sources [13]. Daily
light curves in the 15-50 keV band are provided on$éftBAT hard X-ray transient monitoring
pages for 281 AGN. We have downloaded the BAT light curves for tha&N, covering the time
from the beginning of the mission up to August 23, 2009. Tghktlcurves have been rebinned to
3-day bins and we selected the 36 AGN for which the averageeodi¢tection significance of each
point of the light curve is larger thano3 This limit has been chosen after checking that the light
curves of random positions in the sky (i.e. background) iokexy by the BAT team have an average

Lhitp://swift.gsfc.nasa.gov/docs/swift/results/tianss
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Figure 1. 15-50 keVSwiffBAT (black circles) and 20-60 ke\NTEGRALISGRI (blue triangles) light
curves of the Seyfert 1 galaxy IC 4329A. For better claritg light curves are rebinned to 10 and 3 days,
respectively.

significance of< 2.40 when rebinned to 3-days. Among these 36 AGN, there are 1&i3a3
Seyfert 1 galaxies, 3 intermediate type Seyfert, 8 Seyfari®4 radio galaxies.

We use this sample to study the hard X-ray variability of AGNplying some basic variability
estimators, as the normalized excess varian}@es [14, 15]. The 18 Seyfert and radio galaxies
show an average (in logarithmic space) amplitude of vaniat{cdys) = 0.09, whereas the 18
blazars show on average larger variatiomﬁxs> = 0.25 (left panel in Fig. 2). We find a 1% KS-
test probability that the two samples are drawn from the sdisteébution. The larger variability
of blazars at hard X-rays is expected due the nature of th@sséon in this energy range, usually
believed to be produced in relativistic jets (e.g. [16]).cAding to our preliminary results, there
does not seem to be any correlation between the normalizezsewariance and the black hole
mass nor the Eddington ratio for the AGN in this sample, wagrge confirm the trend observed
in Seyfert and radio galaxies of less luminous objects benoge variable (left panel in Fig. 2)
already reported by Beckmann et al. (2007). For this refatwe find a probability of chance
correlation of 2.5%, when the Circinus galaxy is excludedisTpeculiar object is a Compton
thick Seyfert 2 galaxy with high reflection through a thickus [17], which could explain the low
variability observed.

We also confirm the correlation already found for other Xsalected AGN samples [11, 18]
between the luminosity (averaged over the 5 years of Swienkations) and the black hole mass
for the 22 AGN with measured masses (Fig. 3). We obtain a fitityaof chance correlation of
0.03% (1% when only the 17 Seyfert galaxies are considened)aarelation of the fornmLy [
Mé%ﬁio'ls) (Lx O Méﬁf’io‘z) for Seyfert galaxies only). A proportionality with indexwer than
1, as found here, indicates that the more massive objectsditner a lower X-ray efficiency or a
lower accretion rate than less massive objects. The latéergub-Eddington luminosities for the
most luminous, high-mass quasars) has been recently eostva large sample of quasars up to
redshiftz= 2 from the Sloan Digital Sky Survey [19].
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Figure 2: Left: Histograms of the 15-50 keV normalized excess variance ateddor 36 AGN observed
by SwiffBAT (Seyfert and radio galaxies in black, blazars in bluRight: Normalized excess variance
versus 15-50 keV luminosity for the Seyfert and radio gasih our BAT AGN sample.

3. Spectral variability: the example of |C 4329A

For the brightest AGN, accurate spectral variability stgdin the hard X-ray band can be
carried out withNTEGRALdata (e.g. [7, 8]). As an example, the spectral variabilftthe bright
Seyfert 1 galaxy IC 4329A has been investigated in the 20k&®band. We have analysed all the
INTEGRALBIS/ISGRI data available at the time of our study, whichudes data for an effective
exposure time of about 620 ks collected from the beginninghefmission up to February 12,
2008. The data have been analysed using the version 8 of flieeC8cientific Analysis Software
(OSA). The data can be separated into 5 different periodsrspg from 50 to 200 ks of effective
exposure time each, accumulated within 2 to 40 days. Thetrspfr each period have been
extracted using the standard OSA spectral extraction andy3¥matics have been added. In the
left panel of Figure 4, the uncorrelated variations of the@Band 60—-100 keV fluxes suggest a
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Figure 3: Correlation between the 15-50 keV luminosity and the céhtazk hole mass for our BAT AGN
sample. Seyfert and radio galaxies are indicated with bi&rcles, blazars with blue squares.
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Figure 4: Left: INTEGRAISGRI light curve of IC 4329A in three energy bands. Eaclagatint corre-
sponds to an exposure time from 50 to 200 ks accumulatedna2thd 40 days.Right: ISGRI spectra of
IC 4329A extracted from thtNTEGRALobservations of July 2003 (top) and August 2003 (bottom)e Th
spectra are fitted with a simple power law (top) and with aroeemtially cut-off power law, with cut-off at
39+ 17keV (bottom).

spectral change of the source during the 6 yealSloEGRALobservations. Indeed, a high-energy
cut-off atE. = 39+ 17keV, signature of thermal Comptonisation processespediound in the
August 2003 ISGRI spectrum, whereas no sign of curvature dedsctable in July 2003 (right
panel of Fig. 4). During the same period (August 2003) tharmomponent of the 6.4 keV Fe K
line has been found to show a hint of variability on hour timals [20]. This hard X-ray spectral
change could indicate an increase of the electron plasmpeteture, moving the cut-off towards
higher energies, where it was not detectable by ISGRI in thez2D03 observation. Adding data
below 20 keV will allow us to fit the combined spectrum with ama@hysical Comptonisation
model, and therefore, to more precisely determine the testyre of the Comptonising plasma
and constrain the presence and strength of the Comptontiefidmimp, already observed for this
source in the past bBeppoSAX21].

4. Conclusions

We have presented preliminary results of a study invedtigathe variability properties of
AGN at hard X-rays. The 15-50 keV light curves of a sample oAGMN out of the 281 monitored
by SwiffBAT have been analysed. We found a significantly largeradmsiity of the blazar popu-
lation compared to the Seyfert one, as expected consid#regeamed nature of the high-energy
emission of blazars. We confirm the trend of increasing hamdyXvariability with decreasing
luminosity for the Seyfert sample, and the correlation leemthe hard X-ray luminosity and the
black hole mass for the 22 AGN with known masses [9, 11]. Ttieraelation is consistent with
more massive black holes accreting at lower Eddington thesthe less massive ones.
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As an example of spectral variability studies WitiTEGRAL, we have analysed IBIS/ISGRI
data spanning more than 5 years of the bright Seyfert 1 ga@4829A. Spectral variations have
been observed, with a high-energy cut-off being detecteflugust 2003 whereas no curvature
was visible in the July 2003 spectrum. Further analysis eINTEGRALspectra, including also
the JEM-X data below 20 keV will allow to further investigates possible change in the plasma
electron temperature and the presence of a reflection cagnpon

Even though only preliminary, the results presented heye she potential oOfNTEGRALISGRI
and SwiftBAT data to study AGN variability above 20 keV. The large ambof INTEGRALdata
currently available will enable us to extend this kind oftséis to about 20 Seyfert galaxies, among
which MCG+08-11-11, NGC 4593, NGC 4388, Mrk 509, NGC 2110, as already donetf@aro
AGN [8, 7]. Inthe meantime, the BAT monitoring is continujngyoviding us with the best sampled
hard X-ray light curves for an increasing sample of AGN.
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