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Variability is one of the hallmarks of Active Galactic Nutcl&he Burst Alert Telescope onboard
of Swift, with its homogeneous coverage of the sky is a formidablétmstudy variability at
hard X-rays. We present here the analysis of the 1-monthedi8wiftBAT lightcurves of the 20
brightest Active Galactic Nuclei in the hard X-ray sky. Tteevgple consists of 2 blazars, 3 radio
galaxies, 6 Seyfert 1/1.5s, 8 Seyfert 2s and 1 Narrow LindéeBel. We found that all the objects
show variability, and most of them have a value of the frawlaoot mean squared variability
amplitude ofFy4 ~ 0.2 — 0.3. We did not find any significant correlation Bfs, with the column
density or the luminosity in our small sample.
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1. Introduction

Active Galactic Nuclei (AGN) are amongst the most luminousa) sources in the sky. AGN
are thought to be powered by accretion onto supermassiok btdes [1], with their X-ray emission
probably originating in a hot corona sandwiching the adganedisk [2] in radio-quiet objects, and
in the jet in radio-loud AGN (e.g., [3]). Variability is ond the key features of AGN, and it was
found to be significative in the X-ray band already in earlgevations of nearby Seyfert galaxies
(Sy) performed byAriel V [4]. The X-ray variability of AGN is aperiodic, and their pawspectral
density distribution (PSD) can be normally described withaken power law, with indices ranging
between-1 and—2 [5].

The Burst Alert Telescope (BAT) onboard 8twift [6] scans continuously the whole sky in
the 14-195 keV energy range, and is thus an extremely wedidsinstrument for studying AGN
variability at hard X-rays. Here we report a study of the h&rthy variability of a small sam-
ple of AGN. The sample consists of the 20 brightest AGN detktty SwiffBAT, of these 2 are
blazars, 2 narrow-line radio galaxies (NLRG), 1 broad-liadio galaxy (BLRG), 6 Seyfert 1/1.5s,
8 Seyfert2s and 1 Narrow Line Seyfert 1 (NLS1). The 1-montiméd light curves have been taken
from the NASASwif{BAT 58 months catalog[7].

2. Variability estimators

A way to estimate the variability is through the fractionabt mean squared (rms) variability
amplitudeF 4 ([8]), defined as
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The error ofF 4 is given by
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In the following we will useF 4 to characterize the variability of the objects in our sample
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Table 1: Properties of the sources of our sample: (1) detection fségnices, (2) luminosities in the 14—
195keV energy range, (3) fractional rms variability ampdiés on a timescale of 30 days, (4) hydrogen
column densities.

1) 2) 3) 4)
Source Det. Significance I&g4 195kev Fyar (30-days) Ny Type
(0] [ergs] [cm~2]

CenA 4287 4401 0399+ 0.002 12 NLRG
NGC 4151 278 4411 02804+ 0.004 6.9 Sy1l5
3C 273 1568 4747 031+0.01 0.9 Blazar
NGC 4388 110 44.64 031+0.01 2P Sy?2
Mrk 421 1095 4546 096+ 0.01 0.P Blazar
Circinus Galaxy 107 4309 013+0.01 36 Sy2
IC 4329A 1011 4522 019+0.02 0.4 Syl
NGC 2110 981 44.60 032+0.01 43¢ Sy2
NGC 5506 950 44.31 027+0.02 34° NLS1
MCG-05-23-016 904 44,50 0214-0.01 16°¢ Sy2
IGR J21247+5058 83 4525 031+0.01 06° BLRG
NGC 4945 761 4337 035+0.02 400 Sy2
Mrk 348 704 4491 028+0.02 30 Sy2
NGC 3783 687 4460 026+0.02 01° Sylbs
NGC 4507 646 4477 029+0.02 29 Sy?2
NGC 3516 623 44.33 030+£0.02 & Sy 1.5
NGC 7172 601 44.46 035+0.04 oc Sy?2
NGC 3227 5&2 4357 016+0.21 68 Syl5
Cyg A 540 4601 034+0.02 1P NLRG
MCG +08-11-011 490 4509 035+0.03 02° Syl5
Crab 7496 - 00215+ 0.0004 - -

Notes. 2[9], P [10] and references thereifi[11] and ref. therein* "Flare" of January 2008 removed.

3. Reaults

In Table 1 are listed the values of the fractional rms valitgkamplitude of the objects of our
sample, and as a check, the value obtained from the ligheafrthe Crabf,s ~ 0.02). The value
of the Crab can be associated to the systematic error SWhi#BAT data. In Fig. 1, we show the
light curves of 6 out of the 20 sources of our sample. All tharses of our sample show hard
X-ray variability on the time-scale of one month. As it car@be seen from Fig. 2, the value of
the fractional rms variability amplitude 5,4 ~ 0.2 — 0.3 for most of the objects of the sample,
with the average value beirfgr = 0.32. The blazar Mrk421 shows a much stronger variability
(Fvar ~ 0.96) than the average value of the sample. Amongst the rada-§GC 7172 is the most
variable, with a value of5 ~ 0.48. This is due to what would appear to be a flare, registered
in January 2008. Excluding this outlier point NGC 7172 shawgriability consistent with the
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Figure 1: Swift/BAT 30-days binned light curves in the 14-195keV band. The dditrizontal lines
represent the average value for each object.

average of our samplé&,, = 0.35+0.04). At the other end of the distribution, the Compton-thick
Seyfert2 Circinus Galaxy and the Seyfert1 IC 4329A show thallest amounts of variability
(Fvar ~ 0.13 andF 4 ~ 0.19, respectively). The low value &4, of Circinus Galaxy is very likely
related to the reflection-dominated nature of its hard Xsagctrum.

4. Variability vs Luminosity and Column density

An inverse correlation between the variability amplitudehie X-rays and the X-ray luminos-
ity of AGN was found by [12] usingEXOSATdata. More recently, [13] studied the hard X-ray
variability of the 44 brightest AGN detected by BAT after 9 mtlas of operations, and found that
possibly this anti-correlation is extended to the hard ¥Xirand (see also [14]). They also found
a possible correlation between the hydrogen column deNsjtsgnd the variability amplitude. We
investigated the existence of these two correlations irsaarple (see Figs. 3 and 4). The variabil-
ity amplitudes in our sample are confined in a small range lofeg and no correlation with other
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Figure 2: Distribution of the fractional rms variability amplituderfthe 20 sources of our sample.
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Figure 3: Fyar versus luminosity for the sources of our sample.

parameters is evident. A Spearman rank test gives a cooreledefficient betweelfr, o and the
luminosity ofrg = 0.27 , while it isrg = 0 betweenF, 5 andNy. These values correspond to a
probability of correlation of 78% in the first case, and of G%tie second case. Similar results are
obtained also considering Mrk 421 as an outlier. No sigmifiarrelation is found also dividing
the sample in three categories (Sy 1/1.5, Sy2, radio-loTick. lack of correlations might be due to
the limited sample we used, and further studies are needagtter probe it.

5. Conclusions

Studying the 1-month binne®wiffBAT light-curves of the 20 brightest objects after 58 manth
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Figure4: Fyar versus hydrogen column density for the sources of our sample

of observations, we found that all the objects in our sampm@vsvariability, ranging between
Fvar = 0.13 andF,5r = 0.96, for Circinus galaxy and Mrk 421, respectively. The ageraalue of

the variability amplitude if 4 ~ 0.3. We did not find any significant correlation of the variaili
amplitude with the luminosity and the hydrogen column dignsi
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