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Fourier transform: probably the most 
powerful variability analysis technique 
è Power Spectral Density (PSD) 
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XMM-Newton observations of Fairall 9 3

channels for the energy-range of 0.5–10 keV. All the grouped
spectral-bins contain at least 20 photons.

2.2 RGS data-reduction

The RGS raw-data are processed following the standard
data-reduction threads of SAS. We use the tool rgsproc to
extract calibrated first-order spectra and responses for the
RGS1 and RGS2 cameras. In general, XMM-Newton RGS
observations can be a!ected by high particle background
periods during parts of the XMM-Newton orbits, mostly
caused by Solar activity. The high energy-band is the one
being mostly a!ected by background flares, and high energy
RGS photons are dispersed over the CCD-9 chip. We there-
fore extract the background light-curve of the CCD-9 chip
and select, as good-time-intervals of the processed obser-
vation, only those during which the background count-rate
deviates by less than two standard deviations from the av-
erage background count-rate of each observation. The final
(i.e. after cleaning for high-background time-intervals) ex-
posures of the RGS1 and RGS2 spectra are 129.6 ks and
129.8 ks, respectively.

Both RGS 1 and RGS2 spectra are grouped at a res-
olution of 8 mÅ (!0.16 eV at 0.5 keV), so allowing 8
spectral-bins for each RGS resolution element. For both the
RGS1 and the RGS2, the photon count-rate of the back-
ground spectrum becomes comparable to the background-
subtracted source count-rate, at energies less than 0.35 keV
(! ! 35 Å), and greater than 1.8 keV (! "7 Å). Moreover,
due to failures of two di!erent read-out detector chips, early
in the life of the mission, both the RGS1 and the RGS2
lack response in two di!erent spectral intervals of 0.9–1.2
keV and 0.5–0.7 keV, respectively. We therefore consider the
following two spectral intervals for spectral fitting purposes:
[(0.35"0.9)

!

(1.2"1.8)] keV and [(0.35"0.5)
!

(0.7"1.8)]
keV, for RGS1 and RGS2, respectively.

For the spectral fits the Sherpa modelling and fitting ap-
plication of the Chandra Interactive Analysis of Ob-

servation (CIAO) software version 4.2, has been used to
fit simultaneously the RGS1 and RGS2 spectra of Fairall 9.
In addition, the spectral fitting analysis results have been
cross-checked and verified with XSPEC, but the latter val-
ues are less conservative and thus we report only the results
coming from Sherpa.

3 X-RAY LIGHT-CURVES

The combined X-ray light-curves from the EPIC-pn and the
two EPIC-MOS cameras in 0.5–1.5 keV, 2.5–4 keV, and 5–10
keV energy-ranges, are shown in Fig. 2. A steady count-rate
increase can be noticed in all three energy-bands, of the or-
der of 30 per cent, 20 per cent, and 10 per cent, respectively.
Additionally, the fractional variability amplitudes (corrected
for the photon noise e.g. Vaughan et al. 2003), for the three
bands are 7.3±0.1 per cent, 5.7±0.6 per cent, and 2.2±2.2
per cent, respectively. Both the overall count-rate and the
fractional variability amplitude increase with decreasing en-
ergies.
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Figure 1. The Fairall 9 combined light-curve (black-points, cor-
responding to the left-axis) and the background pn light-curve
(grey-points, corresponding to the right-axis) in the 0.5–10 keV
energy-band. The background shows increased activity during the
first 4 ks and the last 7.9 ks.
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Figure 2. The combined EPIC-MOS1,-MOS2,-pn X-ray light-
curves of Fairall 9 in the 0.5–1.5 keV, 2.5–4 keV, and 5–10 keV
energy-bands, in bins of 100 s. Note the di!erence in the count-
rate scale on the vertical axis.
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PSD study in high mass AGN 
on days timescale:  
è  impossible! 

1) Long monitoring 
è only for few sources 

2) Different technique 
è excess variance 
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channels for the energy-range of 0.5–10 keV. All the grouped
spectral-bins contain at least 20 photons.

2.2 RGS data-reduction

The RGS raw-data are processed following the standard
data-reduction threads of SAS. We use the tool rgsproc to
extract calibrated first-order spectra and responses for the
RGS1 and RGS2 cameras. In general, XMM-Newton RGS
observations can be a!ected by high particle background
periods during parts of the XMM-Newton orbits, mostly
caused by Solar activity. The high energy-band is the one
being mostly a!ected by background flares, and high energy
RGS photons are dispersed over the CCD-9 chip. We there-
fore extract the background light-curve of the CCD-9 chip
and select, as good-time-intervals of the processed obser-
vation, only those during which the background count-rate
deviates by less than two standard deviations from the av-
erage background count-rate of each observation. The final
(i.e. after cleaning for high-background time-intervals) ex-
posures of the RGS1 and RGS2 spectra are 129.6 ks and
129.8 ks, respectively.

Both RGS 1 and RGS2 spectra are grouped at a res-
olution of 8 mÅ (!0.16 eV at 0.5 keV), so allowing 8
spectral-bins for each RGS resolution element. For both the
RGS1 and the RGS2, the photon count-rate of the back-
ground spectrum becomes comparable to the background-
subtracted source count-rate, at energies less than 0.35 keV
(! ! 35 Å), and greater than 1.8 keV (! "7 Å). Moreover,
due to failures of two di!erent read-out detector chips, early
in the life of the mission, both the RGS1 and the RGS2
lack response in two di!erent spectral intervals of 0.9–1.2
keV and 0.5–0.7 keV, respectively. We therefore consider the
following two spectral intervals for spectral fitting purposes:
[(0.35"0.9)

!

(1.2"1.8)] keV and [(0.35"0.5)
!

(0.7"1.8)]
keV, for RGS1 and RGS2, respectively.

For the spectral fits the Sherpa modelling and fitting ap-
plication of the Chandra Interactive Analysis of Ob-

servation (CIAO) software version 4.2, has been used to
fit simultaneously the RGS1 and RGS2 spectra of Fairall 9.
In addition, the spectral fitting analysis results have been
cross-checked and verified with XSPEC, but the latter val-
ues are less conservative and thus we report only the results
coming from Sherpa.

3 X-RAY LIGHT-CURVES

The combined X-ray light-curves from the EPIC-pn and the
two EPIC-MOS cameras in 0.5–1.5 keV, 2.5–4 keV, and 5–10
keV energy-ranges, are shown in Fig. 2. A steady count-rate
increase can be noticed in all three energy-bands, of the or-
der of 30 per cent, 20 per cent, and 10 per cent, respectively.
Additionally, the fractional variability amplitudes (corrected
for the photon noise e.g. Vaughan et al. 2003), for the three
bands are 7.3±0.1 per cent, 5.7±0.6 per cent, and 2.2±2.2
per cent, respectively. Both the overall count-rate and the
fractional variability amplitude increase with decreasing en-
ergies.
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Figure 1. The Fairall 9 combined light-curve (black-points, cor-
responding to the left-axis) and the background pn light-curve
(grey-points, corresponding to the right-axis) in the 0.5–10 keV
energy-band. The background shows increased activity during the
first 4 ks and the last 7.9 ks.
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Figure 2. The combined EPIC-MOS1,-MOS2,-pn X-ray light-
curves of Fairall 9 in the 0.5–1.5 keV, 2.5–4 keV, and 5–10 keV
energy-bands, in bins of 100 s. Note the di!erence in the count-
rate scale on the vertical axis.
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PSD study in high mass AGN 
on days timescale:  
è  impossible! 

1) Long monitoring 
è only for few sources 

2) Different technique 
è  excess variance 
è  Not data demanding! 

G. Ponti et al.: CAIXA III: a Catalogue of AGN In the XMM-Newton Archive III. Excess Variance Analysis

below), we rejected the time bins with fractional exposure lower
than 0.35, regardless of the observation mode (in Small Window
mode the EPIC pn camera is active for only about ! 70 % of the
time, thus we reject only time bins with background flare lasting
more than half of the active time).

4. Excess Variance computation
Following Nandra et al. (1997), Turner et al. (1999), Vaughan
et al. (2003) and Ponti et al. (2004), we compute, for each light
curve segment, the excess variance with the formula:

!2rms =
1
Nµ2

N
!

i=1
[(Xi " µ)2 " !2i ] (1)

where N is the number of good time bins in the segment, µ
is the unweighted arithmetic mean of the counting rates within
the segment, Xi and !i are the counting rates and uncertainties,
respectively, in each bin. We rejected all the segments with less
than 50 % of good time bins. When more than one valid segment
is available, the excess variance has been determined computing
the unweighted mean of all the individual estimates. This has the
potential to reduce the large uncertainty owing to the stochastic
nature of the excess variance.

4.1. Estimating the excess variance uncertainty
The uncertainty on the excess variance depends both on the mea-
surement uncertainties (e.g. Poisson noise) in the light curve and
on the stochastic nature of the variability. As shown by Vaughan
et al. (2003) through MonteCarlo simulations, or Ponti et al.
(2004) in the particular case of large number of photons (but see
Wilkinson (2011) for a full derivation of the formula), the for-
mer can be approximated by the formula (see eq. 11 of Vaughan
et al. 2003):
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where < !2i > is the mean of the uncertainties squared and Fvar
is the fractional variability.

The uncertainty owing to the stochastic nature of the pro-
cess is more difficult to estimate. Vaughan et al. (2003) showed
that the uncertainty increases with the steepness of the power
spectrum slope and it is large and highly not-Gaussian for steep
Power Spectral Densities (PSD). In particular a simple estimate
of the uncertainty can not be analytically derived because of the
non-linear mechanisms affecting the measurements. However
two approaches can be pursued. The first one is to estimate the
uncertainty directly from the data, deriving the scatter from the
distribution of the measured excess variances of the different in-
tervals. Every excess variance measurement is an independent
variable with identical distribution (unless the process is non-
stationary). As a result, due to the central limit theorem, the dis-
tribution of the mean of all the excess variance estimates will be-
come normally distributed for a large number of measurements.
Obviously it is not easy to estimate how “large” the number of
!2rms estimates should be but, following this line of reasoning,
every time that more than 10 valid segments are available for
the same source, we estimate the uncertainty on the mean excess
variance computing the sigma of the mean of the different mea-
surements (in order to estimate the 90 % confidence level, this

value is then multiplied by 1.6). At least this approach allows
us to estimate the uncertainty on our final estimate without the
need to perform any assumptions about the underlying variabil-
ity process.

When the number of valid segments is just one, we estimated
the uncertainty on !2rms using the results from Monte Carlo sim-
ulations. In this case, however, assumptions on the PSD shape
must be made. Detailed studies of PSD in AGN have shown
an almost ubiquitous PSD shape characterised by a steep power
law shape (" ! 2) above a special frequency #br and a flatter
(" ! 1) power law slope below (Uttley & McHardy 2005; but
see also the case of ARK564;McHardy et al. 2007). In particular
it has been observed that the characteristic break frequency (#br)
scales primarily with mass and with accretion rate (McHardy
et al. 2006). We thus expect that the slope of the PSD, within
the frequency range probed by our light curves (from 4 # 10"3
to either 10"4, 5 # 10"5 or 2.5 # 10"5 Hz, for the 10, 20 and
40 ks segments, respectively), may be different for the sources
in the sample, depending on their BH mass and accretion rate.
Assuming that the same PSD is present in all AGN and that it
is scaling as measured by McHardy et al. (2006), we can pre-
dict the position of the break frequency and the slope of the PSD
in the frequency band which corresponds to 250 s binned light
curves, of duration equal to 10, 20, 40 and 80 ks.

Using then the results listed in Table 1 of Vaughan et al.
(2003), we assume a !log(S 2) = +0.45 and "0.71, for the pos-
itive and negative error on !2rms , respectively, if the break time-
scale is longer than the length of the interval (this means that
in the frequency window on which the excess variance is com-
puted, the PSD has a slope of -2).We assumed!log(S 2) = +0.28
and "0.36 if the break time-scale is shorter than the light curve
time bin (in which case we would expect a PSD of a -1 slope
in the frequency range sampled by each light curve segment). If
the break time-scale falls within the frequency window, then we
combine the errors with the formula: 0.28 # (Log(#br )"Log(#min))

Log(#max)"Log(#min) +

0.45 # (Log(#max)"Log(#br ))
Log(#max)"Log(#min) (and similarly for the negative error).

When no BH mass estimates are available, we are conserva-
tive and assume the largest uncertainties, associated with a PSD
slope of -2. As computed by Vaughan et al. (2003) this scatter
estimates the 90 % confidence interval. In this way we are able
to conservatively estimate the scatter in the excess variancemea-
surements introduced by the red noise, in the case when we have
just a single excess variance value.

In order to judge the quality of our approximation to the ex-
cess variance uncertainties, we performed the following test. We
considered the 7 sources with the longest XMM-Newton obser-
vations in CAIXAvar. The number of 10 ksec segments for each
one of these objects is of course much larger than 10 (so the
excess variance measurement we list in Table ?? for the 10ks
segments is the mean of all the individual measurements, and
its error is based on the true scatter of the points around their
mean, as explained above). Figure 1 shows the distribution of
the observed excess variance values, estimated on each of the 10
ks intervals, for these objects. As expected, whenever we have
a “signal” (i.e. the !2rms values are positive) the distributions are
asymmetric with a tail at large excess variances. In the case of
3C273, due to its large BH mass, we do not expect large ampli-
tude variations on such short time scales. As a result, the distri-
bution of the 10ks !2rms values is dominated by the uncertainties
associated with the Poisson noise of the light curves, hence it is
more symmetric.

We then used the method described above to obtain the un-
certainty of each individual !2rms value, and we calculated the

4

Xi = value in time bin i  
N = number of time bins in interv. 
µ = mean value in interv. 
σ2i = Poissonian noise 
 
Time bin = 250 s 
Intervals = 10, 20, 40, 80 ks 
 
2-10 keV band 
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The X-ray soft excess 

McHardy et al 06 

AGN 

GBH 

TB ~ M2 / Lbol 

       ~ M / MEdd 
! 

which is one piece of evidence for common variability properties among 

accreting BHs at all scales 

It seems unlikely that variability is driven by significantly different 

processes in the two classes 

McHardy +06 

The variability (νb) scales in ALL accreting BH  
è with MBH  

BUT:  Tested in only in ~15 objects 

X-ray variability of NGC 4051 797

period, and also increases as the energy separation between bands
increases.

(viii) The coherence between wavebands is very high at long
Fourier periods but decreases at shorter periods, and with increas-
ing separation between wavebands. We note that the decrease in
coherence becomes noticeable at the same time-scale as the break
time-scale in the PSD.

1 1 I M P L I C AT I O N S

11.1 NGC 4051 and Cygnus X-1: A valid comparison?

In the soft high state, the energy spectrum of Cygnus X-1 is domi-
nated by relatively constant thermal emission from the accretion disc
below about 6 keV. Above that energy the spectrum is dominated
by a variable component of hard spectrum. However in the case of
NGC 4051 the constant soft component accounts for only !10 per
cent (!2 counts s"1) of the average flux in the 0.1–0.5 keV band
and probably for a similar fraction in the 0.5–2 keV band (cf. Uttley
et al. 2003). So is it legitimate to compare the PSDs of Cygnux X-1
and NGC 4051 in bands below 6 keV?

In the case of NGC4051 the spectrum below 2 keV is not a sim-
ple power law. The complex shape during the present observations
is described by Salvi (2003) and Salvi et al. (in preparation). The
rather similar spectral shape during a Target of Opportunity (TOO)
observation by XMM–Newton, triggered during a period of very
low X-ray flux as a result of our RXTE monitoring, is reported by
Uttley et al. (2003). The spectral shape can be parametrized by a
combination of a power law and Comptonized thermal component.
However, whatever its exact description, the whole continuum from
0.1 to 10 keV, apart from a !10 per cent constant component, varies
together and is consistent with simple spectral pivoting about some
high energy (Uttley et al. 2003). The TOO observations are thus
entirely consistent with the earlier RXTE and EUVE observations
which showed strongly correlated variability in the X-ray and EUV
bands. Thus, whatever band we sample in NGC 4051, we are sam-
pling overwhelmingly the rapidly variable component.

In the case of Cygnus X-1 in the soft high state, a detailed exam-
ination of its variability as a function of energy has been carried out
by Churazov et al. (2001). They show that the soft component is rel-
atively quiescent and that the hard component is responsible for the
vast majority of the variability in all bands which they sample (i.e.
above 2 keV). The only effect of the constant soft component on the
PSD is to reduce its normalization as one moves to lower energies
where the soft component is more dominant. Indeed Churazov et al.
show (their fig. 2) a 6–13 keV PSD which is very similar to that
which we show in Fig. 4 and they note that, at lower energies, the
normalization is lower but the shape of the PSD is the same.

Therefore, as far as we are able to determine, over all of the
energy ranges discussed in this paper, it is entirely valid to compare
the shapes of the PSDs of Cygnus X-1 and NGC 4051. We do,
of course, have to bear in mind the contribution from the constant
components when comparing the normalizations of the PSDs.

11.2 NGC 4051: high- or low-state system?

The overall long and short time-scale PSD of NGC 4051 (Fig. 12)
is a very close match to the PSD of Cygnus X-1 in a high state
(Fig. 4), having the same slopes above and below the break, and
with the slope below the break remaining unchanged for over four
decades. It does not look at all like the PSD of Cygnus X-1 in a
low state. We therefore conclude that NGC 4051 is the analogue of

Figure 18. Unfolded PSDs of NGC 4051 (filled circles), NGC 3516 (open
squares) and Cygnus X-1 in its low (filled triangles) and high (asterisks)
state. Note that, unlike the other PSDs in this paper, we show here frequency
# power, not simply power.

a GBH in a high state. This is the first definite confirmation of an
AGN in a high state.

As an alternative representation we plot, in Fig. 18, the combined
RXTE and XMM–Newton (0.1–2 keV) PSD of NGC 4051 in units of
frequency#power (! P!), rather than in units of power. A flat PSD in
these units has equal power in every decade of frequency and so this
representation is becoming more common as it gives a better idea of
the power distribution. In Fig. 18, we show the PSD after it has been
unfolded from the model fit to the data. It is the equivalent of an
energy spectrum once it has been deconvolved from the instrumental
response. Thus although the shape of the PSD in Fig. 18 does depend
on the assumed model, it is the closest representation which we can
make to the underlying true PSD. We plot similar PSDs for Cygnus
X-1 in its high and low state. We again note the similarity between
the PSD of NGC 4051 and that of Cygnus X-1 in its high state. In
particular the drop off in power at low frequencies which is apparent
in Cygnus X-1 in its low state is not seen in the PSD of NGC 4051.

For comparison we also plot the unfolded PSD of the higher-mass
AGN NGC 3516 (from Uttley et al. 2002). The relative scaling of
frequencies with mass is seen quite easily in this figure but we carry
out a more quantitative comparison in Section 11.5.

We also note that NGC 4051 has a particularly high variability
power and that Cygnus X-1, in the high state, is somewhat lower.
However we should regard these normalizations with caution as the
PSDs have been normalized by the square of the mean flux. Thus
any relatively constant soft component, such as contributes to the
spectrum of Cygnus X-1 in the high state up to !6 keV, raises the
mean flux but does not contribute to the variability.

11.3 NGC 4051 black-hole mass and Eddington luminosity

Assuming the bending power-law, high-state model, then, assuming
a mass of 10 M$ for the black hole in Cygnus X-1 (Hererro et al.
1995) and a linear scaling of mass with break time-scale, we estimate
a black-hole mass for NGC 4051 of !3+2

"1 # 105 M$ (assuming a
sharply breaking power law implies a mass of !2 # 105 M$.) This
(bending power-law model) estimated mass is consistent with the
recent reverberation determination of 5+6

"3 # 105 M$ (Shemmer

C% 2004 RAS, MNRAS 348, 783–801
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è AND accretion rate! 

Uttley +05 
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PSD in the sampled frequency range! 
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Excess variance studies do not confirm 
the accretion rate dependence! 
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Open problems:  
Does the variability depend on accretion rate? 
On other parameters? (L, Γ, FWHMHβ, AGN type) 
 

Test scaling relations on larger samples… 

Excess variance is the integral of 
PSD in the sampled frequency range! 



Testing scaling relations in large AGN samples 

CAIXA: 
(Catalogue of AGN In the XMM Archive) 
 
All radio-quiet X-ray un-obscured AGN  
 

pointed by XMM for  >10ks  
 

è  161 AGN (260 XMM observations) 
      > 3 times the AGN of O’Neill et al. (2005) 

BH mass for 125 AGN 
FWHMHβ for 158 AGN 
LBol from: Woo Urry 2002; Vasudevan et al. 2007; Marconi et al. 2009 

Reverberation: 
 
All AGN with BH mass from reverberation 
 
è 32 sources (29 of which are in CAIXA) 



Variability vs. MBH 

Reverberation mapping σ~0.4 dex 

The X-ray soft excess 

Variability extremely well correlated with MBH 
Slope ~ -1 è universal PSD scaling with MBH 
(scatter ~ factor 2-3) 

Significant > 99.9 % 



Variability vs. MBH 

Reverberation mapping σ~0.4 dex CAIXA σ~0.7 dex 

Significant > 99.999 % 

Which is the origin of the larger scatter in the CAIXA sample? 
1) The scatter is due to the larger uncertainties associated with non-reverberation BH mass estimates 
2) The variability depends on a second parameter + CAIXA spans a larger range of this parameter 

Significant > 99.9 % 



Variability vs. MBH 

Reverberation mapping σ~0.4 dex CAIXA σ~0.7 dex 

Significant > 99.999 % 

Which is the origin of the larger scatter in the CAIXA sample? 
1) The scatter is due to the larger uncertainties associated with non-reverberation BH mass estimates 
2) The variability depends on a second parameter + CAIXA spans a larger range of this parameter 

Significant > 99.9 % 

No significant difference in the MBH and accretion rate distributions! 

è X-ray variability: tool to measure of MBH  
è More accurate than single spectra estimates 



Variability vs. accretion rate 

Significant = 90.4 % 

1) Not very significant 
 
2) Large scatter  
 
3) Correlation driven by MBH 
dependence? 

Variability ~ MBH
-1  

 
è Variability * MBH 

Get rid of MBH dependence 



Variability*MBH vs. accretion rate 

We confirm the result of O’Neill et al. (2005)  
No dependence with accretion rate is observed 

CAIXA: no dependence 
with accretion rate! 

BUT: how can be that PSD and excess variance give different results? 



Variability*MBH vs. accretion rate 
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McHardy et al. 2006 

CASE 1:  
Small BH mass  
Break at high frequency 
 

è No accretion rate dependence! 

No dependence with 
accretion rate is observed 
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CASE 1:  
Small BH mass  
Break at high frequency 
 

è No accretion rate dependence! 

Log(MBH)<6.5 
6.5<Log(MBH)<7 

No dependence with 
accretion rate is observed 
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CASE 2:  
High BH mass  
Break at low frequency 
 

è Accretion rate dependence! 

7.5<Log(MBH)<8 
8<Log(MBH)<9 

As expected the more massive AGN show a trend of higher 
variability with accretion rate 
 

The large scatter probably is due to uncertainty on Lbol and MBH 
 

Dependence weaker than expected… how can that be? 



PSD norm vs. accretion rate? 
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Similar behavior observed in BHB 
 

First evidence of Mdot vs. PSD norm correlation 
 

PSD high frequency tail more fundamental than break 

Gierlinski +08 
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Preliminary 

Excess variance DO NOT observe 
accretion rate dependence because: 
 

1) Different expected relation with MBH 
 

2) Variation in PSD normalization 
 

3) Large scatter in Lbol and MBH 



Variability vs. Luminosity 

Significant = 99.95 % Non significant 

The variability vs. luminosity relation is a byproduct of the variability vs. MBH relation 



Variability vs. FWHMHβ 

Significant = 99.999 % Non significant 

The variability vs. FWHMHβ relation is a byproduct of the variability vs. MBH relation 



Variability vs. spectral index 

Significant > 99.99 % 

In CAIXA:  
 
Γ vs. MBH not significant 
 
Γ correlated with Mdot? 
(possible but Γ~Mdot0.1) 

Variability-Γ correlation 
already observed but 
never so significant! 

Shemmer+06; Saez+08; Sobolewska+09; Wu+08 



Are NLS1 more variable? 
G. Ponti et al.: CAIXA III: a Catalogue of AGN In the XMM-Newton Archive III. Excess Variance Analysis

Fig. 11. (Upper left panel) The light green histogram shows the excess variance distribution of the NLS1 present in CAIXAvar and variable in
20 ks intervals. The blue histogram shows the excess variance distribution for the other (broad line Sayfert 1) sources in CAIXAvar. The NLS1
are significantly (KS test) more variable than BLS1. (Upper middle panel) BH mass distribution (colour code as before). The NLS1 have smaller
BH masses than BLS1. (Upper right panel) Accretion rate distribution. The NLS1 are accreting at significantly higher accretion rates than BLS1.
(Lower left panel) !2rms,20!MBH distribution. Once that the BH mass dependence is taken into account the NLS1 are not anymore distinguishable
from BLS1. (Lower middle panel) Excess variance distribution of the AGN with 7.0<Log(MBH)<7.6. At the same BH mass, NLS1 are more
variable than BLS1 objects. (Lower right panel) !2rms,20 ! " distribution for the AGN with 7.0<Log(MBH)<7.6. The higher variability of the NLS1
objects can be due to their higher accretion rate.

< Log(MBH) > = 6.86 for NLS1 and < Log(MBH) > = 7.85
for BLS1), but also higher accretion rates (< Log(") > = "0.47
for NLS1 and < Log(") > = "0.89 for BLS1).

To check if the higher observed variability of the NLS1 is
simply due to the smaller BH mass, we multiply the !2rms,20
for the BH mass. The lower left panel of Fig. 11 shows the
!2rms,20!MBH distribution. Once that the BH mass dependence
is taken into account, the NLS1 are not anymore significantly
distinguishable from BLS1, thus the main difference in the vari-
ability properties of NLS1 is ”mainly” due to the smaller BH
mass.

It might be that a contribution to the higher variability of
NLS1 is due to their higher accretion rates. As we observed in
§5.3 the dependence between variability and accretion rate de-
pends strongly on BH mass. Thus, to get rid of the BH mass de-
pendence and search for the weaker accretion rate dependence,
we select a subsample of NLS1 and BLS1 having the same small
range in BH mass. The upper middle panel of Fig. 11 indicates
that several NLS1 and BLS1 have Log(MBH) between 7 and
7.6. We plot in the lower middle panel of Fig. 11 the excess vari-
ance distribution of the AGN within the selected BH mass bin.
A KS test indicate that the NLS1 galaxies have higher variability
at more than 95 % probability (the mean excess variance being
< Log(!2rms,20)> = "2.27 and "2.70 for NLS1 and BLS1, re-
spectively). This difference can not be ascribed to the BH mass,

thus either the NLS1 are different from the other AGN or it is
due to the higher accretion rate.

Thus, to take into consideration the enhanced variability due
to the accretion rate dependence, we multiply the excess vari-
ance for the accretion rate. The right lower panel of Fig. 11
shows that, once that the accretion rate is taken into account,
the distribution of the variability of NLS1 is perfectly consis-
tent (according to the KS test) with the one of the other AGN.
In particular the two distributions have the same mean value of
-1.8. We thus conclude that NLS1 are consistent with sharing
the same engine of BLS1. They just appear to be more variable
because of the smaller BH mass and their higher accretion rate.

7. Discussion
7.1. Higher scatter in CAIXAvar compared to Rev. Why?

As I said, we will have to list our results here.
In general: The variability vs. BH mass/and vs. Lbol anti-

correlation is consistemt with the PSD results: PSD slopes are
-1 and -2, nu-break decreases with BH mass and increases with
mdot, *and* the PSD amplitude decreases with mdot (this of
cource is a new thing).

The lack of the visible correlation with mdot can be ex-
plainedwith this PSD vsmdot anticorrelation: as mdot increases,
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NLS1 are more variable than broad line AGN 
Why? 

G. Ponti et al.: CAIXA III: a Catalogue of AGN In the XMM-Newton Archive III. Excess Variance Analysis

Fig. 11. (Upper left panel) The light green histogram shows the excess variance distribution of the NLS1 present in CAIXAvar and variable in
20 ks intervals. The blue histogram shows the excess variance distribution for the other (broad line Sayfert 1) sources in CAIXAvar. The NLS1
are significantly (KS test) more variable than BLS1. (Upper middle panel) BH mass distribution (colour code as before). The NLS1 have smaller
BH masses than BLS1. (Upper right panel) Accretion rate distribution. The NLS1 are accreting at significantly higher accretion rates than BLS1.
(Lower left panel) !2rms,20!MBH distribution. Once that the BH mass dependence is taken into account the NLS1 are not anymore distinguishable
from BLS1. (Lower middle panel) Excess variance distribution of the AGN with 7.0<Log(MBH)<7.6. At the same BH mass, NLS1 are more
variable than BLS1 objects. (Lower right panel) !2rms,20 ! " distribution for the AGN with 7.0<Log(MBH)<7.6. The higher variability of the NLS1
objects can be due to their higher accretion rate.

< Log(MBH) > = 6.86 for NLS1 and < Log(MBH) > = 7.85
for BLS1), but also higher accretion rates (< Log(") > = "0.47
for NLS1 and < Log(") > = "0.89 for BLS1).

To check if the higher observed variability of the NLS1 is
simply due to the smaller BH mass, we multiply the !2rms,20
for the BH mass. The lower left panel of Fig. 11 shows the
!2rms,20!MBH distribution. Once that the BH mass dependence
is taken into account, the NLS1 are not anymore significantly
distinguishable from BLS1, thus the main difference in the vari-
ability properties of NLS1 is ”mainly” due to the smaller BH
mass.

It might be that a contribution to the higher variability of
NLS1 is due to their higher accretion rates. As we observed in
§5.3 the dependence between variability and accretion rate de-
pends strongly on BH mass. Thus, to get rid of the BH mass de-
pendence and search for the weaker accretion rate dependence,
we select a subsample of NLS1 and BLS1 having the same small
range in BH mass. The upper middle panel of Fig. 11 indicates
that several NLS1 and BLS1 have Log(MBH) between 7 and
7.6. We plot in the lower middle panel of Fig. 11 the excess vari-
ance distribution of the AGN within the selected BH mass bin.
A KS test indicate that the NLS1 galaxies have higher variability
at more than 95 % probability (the mean excess variance being
< Log(!2rms,20)> = "2.27 and "2.70 for NLS1 and BLS1, re-
spectively). This difference can not be ascribed to the BH mass,

thus either the NLS1 are different from the other AGN or it is
due to the higher accretion rate.

Thus, to take into consideration the enhanced variability due
to the accretion rate dependence, we multiply the excess vari-
ance for the accretion rate. The right lower panel of Fig. 11
shows that, once that the accretion rate is taken into account,
the distribution of the variability of NLS1 is perfectly consis-
tent (according to the KS test) with the one of the other AGN.
In particular the two distributions have the same mean value of
-1.8. We thus conclude that NLS1 are consistent with sharing
the same engine of BLS1. They just appear to be more variable
because of the smaller BH mass and their higher accretion rate.

7. Discussion
7.1. Higher scatter in CAIXAvar compared to Rev. Why?

As I said, we will have to list our results here.
In general: The variability vs. BH mass/and vs. Lbol anti-

correlation is consistemt with the PSD results: PSD slopes are
-1 and -2, nu-break decreases with BH mass and increases with
mdot, *and* the PSD amplitude decreases with mdot (this of
cource is a new thing).

The lack of the visible correlation with mdot can be ex-
plainedwith this PSD vsmdot anticorrelation: as mdot increases,
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Are NLS1 more variable? 
G. Ponti et al.: CAIXA III: a Catalogue of AGN In the XMM-Newton Archive III. Excess Variance Analysis

Fig. 11. (Upper left panel) The light green histogram shows the excess variance distribution of the NLS1 present in CAIXAvar and variable in
20 ks intervals. The blue histogram shows the excess variance distribution for the other (broad line Sayfert 1) sources in CAIXAvar. The NLS1
are significantly (KS test) more variable than BLS1. (Upper middle panel) BH mass distribution (colour code as before). The NLS1 have smaller
BH masses than BLS1. (Upper right panel) Accretion rate distribution. The NLS1 are accreting at significantly higher accretion rates than BLS1.
(Lower left panel) !2rms,20!MBH distribution. Once that the BH mass dependence is taken into account the NLS1 are not anymore distinguishable
from BLS1. (Lower middle panel) Excess variance distribution of the AGN with 7.0<Log(MBH)<7.6. At the same BH mass, NLS1 are more
variable than BLS1 objects. (Lower right panel) !2rms,20 ! " distribution for the AGN with 7.0<Log(MBH)<7.6. The higher variability of the NLS1
objects can be due to their higher accretion rate.

< Log(MBH) > = 6.86 for NLS1 and < Log(MBH) > = 7.85
for BLS1), but also higher accretion rates (< Log(") > = "0.47
for NLS1 and < Log(") > = "0.89 for BLS1).

To check if the higher observed variability of the NLS1 is
simply due to the smaller BH mass, we multiply the !2rms,20
for the BH mass. The lower left panel of Fig. 11 shows the
!2rms,20!MBH distribution. Once that the BH mass dependence
is taken into account, the NLS1 are not anymore significantly
distinguishable from BLS1, thus the main difference in the vari-
ability properties of NLS1 is ”mainly” due to the smaller BH
mass.

It might be that a contribution to the higher variability of
NLS1 is due to their higher accretion rates. As we observed in
§5.3 the dependence between variability and accretion rate de-
pends strongly on BH mass. Thus, to get rid of the BH mass de-
pendence and search for the weaker accretion rate dependence,
we select a subsample of NLS1 and BLS1 having the same small
range in BH mass. The upper middle panel of Fig. 11 indicates
that several NLS1 and BLS1 have Log(MBH) between 7 and
7.6. We plot in the lower middle panel of Fig. 11 the excess vari-
ance distribution of the AGN within the selected BH mass bin.
A KS test indicate that the NLS1 galaxies have higher variability
at more than 95 % probability (the mean excess variance being
< Log(!2rms,20)> = "2.27 and "2.70 for NLS1 and BLS1, re-
spectively). This difference can not be ascribed to the BH mass,

thus either the NLS1 are different from the other AGN or it is
due to the higher accretion rate.

Thus, to take into consideration the enhanced variability due
to the accretion rate dependence, we multiply the excess vari-
ance for the accretion rate. The right lower panel of Fig. 11
shows that, once that the accretion rate is taken into account,
the distribution of the variability of NLS1 is perfectly consis-
tent (according to the KS test) with the one of the other AGN.
In particular the two distributions have the same mean value of
-1.8. We thus conclude that NLS1 are consistent with sharing
the same engine of BLS1. They just appear to be more variable
because of the smaller BH mass and their higher accretion rate.

7. Discussion
7.1. Higher scatter in CAIXAvar compared to Rev. Why?

As I said, we will have to list our results here.
In general: The variability vs. BH mass/and vs. Lbol anti-

correlation is consistemt with the PSD results: PSD slopes are
-1 and -2, nu-break decreases with BH mass and increases with
mdot, *and* the PSD amplitude decreases with mdot (this of
cource is a new thing).

The lack of the visible correlation with mdot can be ex-
plainedwith this PSD vsmdot anticorrelation: as mdot increases,
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NLS1 are more variable than broad line AGN 
Why? 

NLS1 higher variability mainly due to smaller MBH 

G. Ponti et al.: CAIXA III: a Catalogue of AGN In the XMM-Newton Archive III. Excess Variance Analysis

Fig. 11. (Upper left panel) The light green histogram shows the excess variance distribution of the NLS1 present in CAIXAvar and variable in
20 ks intervals. The blue histogram shows the excess variance distribution for the other (broad line Sayfert 1) sources in CAIXAvar. The NLS1
are significantly (KS test) more variable than BLS1. (Upper middle panel) BH mass distribution (colour code as before). The NLS1 have smaller
BH masses than BLS1. (Upper right panel) Accretion rate distribution. The NLS1 are accreting at significantly higher accretion rates than BLS1.
(Lower left panel) !2rms,20!MBH distribution. Once that the BH mass dependence is taken into account the NLS1 are not anymore distinguishable
from BLS1. (Lower middle panel) Excess variance distribution of the AGN with 7.0<Log(MBH)<7.6. At the same BH mass, NLS1 are more
variable than BLS1 objects. (Lower right panel) !2rms,20 ! " distribution for the AGN with 7.0<Log(MBH)<7.6. The higher variability of the NLS1
objects can be due to their higher accretion rate.

< Log(MBH) > = 6.86 for NLS1 and < Log(MBH) > = 7.85
for BLS1), but also higher accretion rates (< Log(") > = "0.47
for NLS1 and < Log(") > = "0.89 for BLS1).

To check if the higher observed variability of the NLS1 is
simply due to the smaller BH mass, we multiply the !2rms,20
for the BH mass. The lower left panel of Fig. 11 shows the
!2rms,20!MBH distribution. Once that the BH mass dependence
is taken into account, the NLS1 are not anymore significantly
distinguishable from BLS1, thus the main difference in the vari-
ability properties of NLS1 is ”mainly” due to the smaller BH
mass.

It might be that a contribution to the higher variability of
NLS1 is due to their higher accretion rates. As we observed in
§5.3 the dependence between variability and accretion rate de-
pends strongly on BH mass. Thus, to get rid of the BH mass de-
pendence and search for the weaker accretion rate dependence,
we select a subsample of NLS1 and BLS1 having the same small
range in BH mass. The upper middle panel of Fig. 11 indicates
that several NLS1 and BLS1 have Log(MBH) between 7 and
7.6. We plot in the lower middle panel of Fig. 11 the excess vari-
ance distribution of the AGN within the selected BH mass bin.
A KS test indicate that the NLS1 galaxies have higher variability
at more than 95 % probability (the mean excess variance being
< Log(!2rms,20)> = "2.27 and "2.70 for NLS1 and BLS1, re-
spectively). This difference can not be ascribed to the BH mass,

thus either the NLS1 are different from the other AGN or it is
due to the higher accretion rate.

Thus, to take into consideration the enhanced variability due
to the accretion rate dependence, we multiply the excess vari-
ance for the accretion rate. The right lower panel of Fig. 11
shows that, once that the accretion rate is taken into account,
the distribution of the variability of NLS1 is perfectly consis-
tent (according to the KS test) with the one of the other AGN.
In particular the two distributions have the same mean value of
-1.8. We thus conclude that NLS1 are consistent with sharing
the same engine of BLS1. They just appear to be more variable
because of the smaller BH mass and their higher accretion rate.

7. Discussion
7.1. Higher scatter in CAIXAvar compared to Rev. Why?

As I said, we will have to list our results here.
In general: The variability vs. BH mass/and vs. Lbol anti-

correlation is consistemt with the PSD results: PSD slopes are
-1 and -2, nu-break decreases with BH mass and increases with
mdot, *and* the PSD amplitude decreases with mdot (this of
cource is a new thing).

The lack of the visible correlation with mdot can be ex-
plainedwith this PSD vsmdot anticorrelation: as mdot increases,
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NLS1 suggest scaling with accretion rate 

G. Ponti et al.: CAIXA III: a Catalogue of AGN In the XMM-Newton Archive III. Excess Variance Analysis

Fig. 11. (Upper left panel) The light green histogram shows the excess variance distribution of the NLS1 present in CAIXAvar and variable in
20 ks intervals. The blue histogram shows the excess variance distribution for the other (broad line Sayfert 1) sources in CAIXAvar. The NLS1
are significantly (KS test) more variable than BLS1. (Upper middle panel) BH mass distribution (colour code as before). The NLS1 have smaller
BH masses than BLS1. (Upper right panel) Accretion rate distribution. The NLS1 are accreting at significantly higher accretion rates than BLS1.
(Lower left panel) !2rms,20!MBH distribution. Once that the BH mass dependence is taken into account the NLS1 are not anymore distinguishable
from BLS1. (Lower middle panel) Excess variance distribution of the AGN with 7.0<Log(MBH)<7.6. At the same BH mass, NLS1 are more
variable than BLS1 objects. (Lower right panel) !2rms,20 ! " distribution for the AGN with 7.0<Log(MBH)<7.6. The higher variability of the NLS1
objects can be due to their higher accretion rate.

< Log(MBH) > = 6.86 for NLS1 and < Log(MBH) > = 7.85
for BLS1), but also higher accretion rates (< Log(") > = "0.47
for NLS1 and < Log(") > = "0.89 for BLS1).

To check if the higher observed variability of the NLS1 is
simply due to the smaller BH mass, we multiply the !2rms,20
for the BH mass. The lower left panel of Fig. 11 shows the
!2rms,20!MBH distribution. Once that the BH mass dependence
is taken into account, the NLS1 are not anymore significantly
distinguishable from BLS1, thus the main difference in the vari-
ability properties of NLS1 is ”mainly” due to the smaller BH
mass.

It might be that a contribution to the higher variability of
NLS1 is due to their higher accretion rates. As we observed in
§5.3 the dependence between variability and accretion rate de-
pends strongly on BH mass. Thus, to get rid of the BH mass de-
pendence and search for the weaker accretion rate dependence,
we select a subsample of NLS1 and BLS1 having the same small
range in BH mass. The upper middle panel of Fig. 11 indicates
that several NLS1 and BLS1 have Log(MBH) between 7 and
7.6. We plot in the lower middle panel of Fig. 11 the excess vari-
ance distribution of the AGN within the selected BH mass bin.
A KS test indicate that the NLS1 galaxies have higher variability
at more than 95 % probability (the mean excess variance being
< Log(!2rms,20)> = "2.27 and "2.70 for NLS1 and BLS1, re-
spectively). This difference can not be ascribed to the BH mass,

thus either the NLS1 are different from the other AGN or it is
due to the higher accretion rate.

Thus, to take into consideration the enhanced variability due
to the accretion rate dependence, we multiply the excess vari-
ance for the accretion rate. The right lower panel of Fig. 11
shows that, once that the accretion rate is taken into account,
the distribution of the variability of NLS1 is perfectly consis-
tent (according to the KS test) with the one of the other AGN.
In particular the two distributions have the same mean value of
-1.8. We thus conclude that NLS1 are consistent with sharing
the same engine of BLS1. They just appear to be more variable
because of the smaller BH mass and their higher accretion rate.

7. Discussion
7.1. Higher scatter in CAIXAvar compared to Rev. Why?

As I said, we will have to list our results here.
In general: The variability vs. BH mass/and vs. Lbol anti-

correlation is consistemt with the PSD results: PSD slopes are
-1 and -2, nu-break decreases with BH mass and increases with
mdot, *and* the PSD amplitude decreases with mdot (this of
cource is a new thing).

The lack of the visible correlation with mdot can be ex-
plainedwith this PSD vsmdot anticorrelation: as mdot increases,
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KS test: NLS1 more variable 
                                   (95 %)   



Conclusions: 

1) Excess variance is an accurate tool to measure MBH è scatter < factor 2-3 
    (more accurate than the ones based on single epoch spectra…) 
 
2) The expected excess variance vs. accretion rate relation is complex (depends on MBH) 
    + large scatter in the relation is introduced by uncertainties on LBol and MBH 
    + indications for a PSD normalization vs. accretion rate anti-correlation 
    Thus O’Neill et al. (2005) missed the accretion rate dependence (McHardy et al. 2006)  
 
3) Excess variance vs. luminosity relations is a byproduct of variability vs. MBH relation 
4) Same for excess variance vs. FWHMHβ relations 
 
5) Excess variance well correlated with 2-10 keV spectral index (>99.99 %) 
    This is not a byproduct of MBH dependence 
 
6) NLS1 more variable than BL AGN simply because of smaller MBH and higher accretion rate 
 


