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We present preliminary results on the variability properties of AGN above 20 keV in order to
show the potential of the INTEGRAL IBIS/ISGRI and Swift/BAT instruments for hard X-ray timing analysis of AGN. The 15–50 keV light curves of 36 AGN observed by BAT during 5 years
show significantly larger variations when the blazar population is considered (average normal2 i = 0.25) with respect to the Seyfert one (hσ 2 i = 0.09). The hard
ized excess variance hσNXS
NXS
X-ray luminosity is found to be anti-correlated to the variability amplitude in Seyfert galaxies
and correlated to the black hole mass, confirming previous findings obtained with different AGN
hard X-ray samples. We also present results on the Seyfert 1 galaxy IC 4329A, as an example
of spectral variability study with INTEGRAL/ISGRI data. The position of the high-energy cut-off
of this source is found to have varied during the INTEGRAL observations, pointing to a change
of temperature of the Comptonising medium. For several bright Seyfert galaxies, a considerable
amount of INTEGRAL data have already been accumulated and are publicly available, allowing
detailed spectral variability studies at hard X-rays.
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1. Introduction

2. Swift/BAT long-term monitoring
Since November 2004, the instrument BAT [12] on board the Swift satellite has been observing
the sky in the 15–195 keV energy range and, thanks to its large field of view of ∼ 1.4 sr and to
Swift’s observing strategy, it has been monitoring a large number of hard X-ray sources [13]. Daily
light curves in the 15–50 keV band are provided on the Swift/BAT hard X-ray transient monitoring
pages1 for 281 AGN. We have downloaded the BAT light curves for these AGN, covering the time
from the beginning of the mission up to August 23, 2009. The light curves have been rebinned to
3-day bins and we selected the 36 AGN for which the average of the detection significance of each
point of the light curve is larger than 3σ . This limit has been chosen after checking that the light
curves of random positions in the sky (i.e. background) provided by the BAT team have an average
1 http://swift.gsfc.nasa.gov/docs/swift/results/transients
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Variability at all observed wavelengths is a distinctive characteristic of objects hosting an accreting black hole, in particular AGN. The study of the timing properties of AGN can provide
important information about the structure, the physics and the dynamics of the radiating source.
In the last years much progress has been made to characterize the AGN variability in the 2–20
keV X-ray range, in particular since the launch of RXTE in 1995. On the other hand, the global
variability properties of AGN at hardest X-rays above 20 keV have been poorly studied in the past.
Some studies of the spectral variability of AGN during different flux states were carried out with
CGRO/OSSE and BeppoSAX/PDS (e.g. [1]), while a long term monitoring at hard X-rays was not
possible due to the relatively small field of view of these instruments and the observation strategy
of these satellites. The only exception was the BATSE instrument on board of CGRO, that detected
a handful of AGN using the Earth occultation technique [2, 3].
INTEGRAL IBIS/ISGRI [4, 5] and Swift/BAT [6] offer now a unique opportunity to observe
a large number of AGN on different time scales in the hard X-ray band above 20 keV. The first
instrument is more suited for investigating the spectral variations in bright and well monitored
AGN, as already shown, for example, for NGC 4151 [7] and MCG−05−23−016 [8]. On the other
hand, the BAT provides a database to study the timing properties of a large AGN sample.
The results obtained from the first 9 months of Swift/BAT observations have been reported
for 44 AGN detected at more than 10σ over this time period [9]. The blazars had been found to
show the highest variability, and 30% of the Seyfert galaxies in the sample showed variability of
> 10% with respect to their average flux. A general trend of increasing variability with absorption
had been detected that could be ascribed to other two relations, i.e. the anti-correlation between
absorption and luminosity (observed by different X-ray surveys [10, 11]) and between variability
and luminosity, observed also in the BAT sample.
About 6 years of public INTEGRAL data and 5 years of Swift data are currently available,
providing the possibility to extend this kind of studies to a much larger AGN sample and with
better statistic. In Fig. 1 an example of BAT and ISGRI hard X-ray light curves for the bright
Seyfert 1 galaxy IC 4329A is shown.

AGN variability at hard X-rays

Simona Soldi

significance of ≤ 2.4σ when rebinned to 3-days. Among these 36 AGN, there are 18 blazars, 3
Seyfert 1 galaxies, 3 intermediate type Seyfert, 8 Seyfert 2 and 4 radio galaxies.
We use this sample to study the hard X-ray variability of AGN, applying some basic variability
2
estimators, as the normalized excess variance σNXS
[14, 15]. The 18 Seyfert and radio galaxies
2 i = 0.09, whereas the 18
show an average (in logarithmic space) amplitude of variations hσNXS
2 i = 0.25 (left panel in Fig. 2). We find a 1% KSblazars show on average larger variations, hσNXS
test probability that the two samples are drawn from the same distribution. The larger variability
of blazars at hard X-rays is expected due the nature of their emission in this energy range, usually
believed to be produced in relativistic jets (e.g. [16]). According to our preliminary results, there
does not seem to be any correlation between the normalized excess variance and the black hole
mass nor the Eddington ratio for the AGN in this sample, whereas we confirm the trend observed
in Seyfert and radio galaxies of less luminous objects being more variable (left panel in Fig. 2)
already reported by Beckmann et al. (2007). For this relation, we find a probability of chance
correlation of 2.5%, when the Circinus galaxy is excluded. This peculiar object is a Compton
thick Seyfert 2 galaxy with high reflection through a thick torus [17], which could explain the low
variability observed.
We also confirm the correlation already found for other X-ray selected AGN samples [11, 18]
between the luminosity (averaged over the 5 years of Swift observations) and the black hole mass
for the 22 AGN with measured masses (Fig. 3). We obtain a probability of chance correlation of
0.03% (1% when only the 17 Seyfert galaxies are considered) and a relation of the form LX ∝
(0.75±0.18)
(0.5±0.2)
MBH
(LX ∝ MBH
for Seyfert galaxies only). A proportionality with index lower than
1, as found here, indicates that the more massive objects have either a lower X-ray efficiency or a
lower accretion rate than less massive objects. The latter (i.e. sub-Eddington luminosities for the
most luminous, high-mass quasars) has been recently observed for a large sample of quasars up to
redshift z = 2 from the Sloan Digital Sky Survey [19].
3
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Figure 1: 15–50 keV Swift/BAT (black circles) and 20–60 keV INTEGRAL/ISGRI (blue triangles) light
curves of the Seyfert 1 galaxy IC 4329A. For better clarity, the light curves are rebinned to 10 and 3 days,
respectively.
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3. Spectral variability: the example of IC 4329A
For the brightest AGN, accurate spectral variability studies in the hard X-ray band can be
carried out with INTEGRAL data (e.g. [7, 8]). As an example, the spectral variability of the bright
Seyfert 1 galaxy IC 4329A has been investigated in the 20–100 keV band. We have analysed all the
INTEGRAL IBIS/ISGRI data available at the time of our study, which includes data for an effective
exposure time of about 620 ks collected from the beginning of the mission up to February 12,
2008. The data have been analysed using the version 8 of the Offline Scientific Analysis Software
(OSA). The data can be separated into 5 different periods, spanning from 50 to 200 ks of effective
exposure time each, accumulated within 2 to 40 days. The spectra for each period have been
extracted using the standard OSA spectral extraction and 3% systematics have been added. In the
left panel of Figure 4, the uncorrelated variations of the 18–60 and 60–100 keV fluxes suggest a

Figure 3: Correlation between the 15–50 keV luminosity and the central black hole mass for our BAT AGN
sample. Seyfert and radio galaxies are indicated with black circles, blazars with blue squares.
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Figure 2: Left: Histograms of the 15–50 keV normalized excess variance computed for 36 AGN observed
by Swift/BAT (Seyfert and radio galaxies in black, blazars in blue). Right: Normalized excess variance
versus 15–50 keV luminosity for the Seyfert and radio galaxies in our BAT AGN sample.
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spectral change of the source during the 6 years of INTEGRAL observations. Indeed, a high-energy
cut-off at Ec = 39 ± 17 keV, signature of thermal Comptonisation processes, can be found in the
August 2003 ISGRI spectrum, whereas no sign of curvature was detectable in July 2003 (right
panel of Fig. 4). During the same period (August 2003) the broad component of the 6.4 keV Fe K
line has been found to show a hint of variability on hour time scale [20]. This hard X-ray spectral
change could indicate an increase of the electron plasma temperature, moving the cut-off towards
higher energies, where it was not detectable by ISGRI in the July 2003 observation. Adding data
below 20 keV will allow us to fit the combined spectrum with a more physical Comptonisation
model, and therefore, to more precisely determine the temperature of the Comptonising plasma
and constrain the presence and strength of the Compton reflection hump, already observed for this
source in the past by BeppoSAX [21].

4. Conclusions
We have presented preliminary results of a study investigating the variability properties of
AGN at hard X-rays. The 15–50 keV light curves of a sample of 36 AGN out of the 281 monitored
by Swift/BAT have been analysed. We found a significantly larger variability of the blazar population compared to the Seyfert one, as expected considering the beamed nature of the high-energy
emission of blazars. We confirm the trend of increasing hard X-ray variability with decreasing
luminosity for the Seyfert sample, and the correlation between the hard X-ray luminosity and the
black hole mass for the 22 AGN with known masses [9, 11]. The latter relation is consistent with
more massive black holes accreting at lower Eddington rates than the less massive ones.
5
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Figure 4: Left: INTEGRAL/ISGRI light curve of IC 4329A in three energy bands. Each data point corresponds to an exposure time from 50 to 200 ks accumulated within 2 to 40 days. Right: ISGRI spectra of
IC 4329A extracted from the INTEGRAL observations of July 2003 (top) and August 2003 (bottom). The
spectra are fitted with a simple power law (top) and with an exponentially cut-off power law, with cut-off at
39 ± 17 keV (bottom).
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As an example of spectral variability studies with INTEGRAL, we have analysed IBIS/ISGRI
data spanning more than 5 years of the bright Seyfert 1 galaxy IC 4329A. Spectral variations have
been observed, with a high-energy cut-off being detected in August 2003 whereas no curvature
was visible in the July 2003 spectrum. Further analysis of the INTEGRAL spectra, including also
the JEM-X data below 20 keV will allow to further investigate this possible change in the plasma
electron temperature and the presence of a reflection component.
Even though only preliminary, the results presented here show the potential of INTEGRAL/ISGRI
and Swift/BAT data to study AGN variability above 20 keV. The large amount of INTEGRAL data
currently available will enable us to extend this kind of studies to about 20 Seyfert galaxies, among
which MCG +08−11−11, NGC 4593, NGC 4388, Mrk 509, NGC 2110, as already done for other
AGN [8, 7]. In the meantime, the BAT monitoring is continuing, providing us with the best sampled
hard X-ray light curves for an increasing sample of AGN.

