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Abstract

We report on the results from our timing analysis based on a method similar to excess variance to determine
various spectral components of two Seyfert galaxies (MCG-5-23-16 and MCG-6-30-15) observed by Suzaku.
These are well-known objects showing the intense time variability. In order to distinguish variable and stable
components, we defined P-square and calculated it for each time binned light curve. It seems that the P-square
decreases as the time bin size gets larger. Next we estimated PSD from the differential of the P-square. There
is few difference of the power between XIS and HXD PIN for MCG-5-23-16, while the power of HXD PIN
seems to be smaller than that of XIS for MCG-6-30-15. In addition, we investigated the correlation between the
count rates of XIS and HXD PIN. Both objects show the positive correlation and show that the offset counts
in HXD PIN of MCG-6-30-15 is larger than that of MCG-5-23-16. These results suggest that the same variable
component dominates the time variability both in the XIS and HXD PIN energy band on MCG-5-23-16, while
for MCG-6-30-15 HXD PIN spectrum is dominated by the stable component, which is attributed to the less
power of PSD and the offset count appeared in HXD PIN energy band.

1 Introduction

The spectrum of Active Galactic Nuclei (AGNs) shows the power law spectrum at high energy band more than
10 keV. This is explained by the non-thermal process (e.g. inverse Compton process etc) for AGNs. This X-ray
radiation is made by conversion from a gravitational energy of gas accretion. The luminosity becomes 1041−45

erg/sec. Such strong nuclear source irradiates circum nuclear matter, such as accretion disks and torii. The
observed X-ray spectra include a direct but partly absorbed component from the central source and a reflection
component from the torus. Using these X-ray data with much information, we can investigate emission mechanisms
and structure around the supermassive black holes.

In many data observed in the past, it was difficult to divide the observed X-ray spectrum in high energy band
above 10 keV into various spectral components. It is the detectors installed into the satellite were not so sensitive
for hard X-rays. The hard X-ray detector onboard Suzaku satellite launched on July 2005 has high sensitivity at
high energy region, and such feature allows us to investigate the X-ray time variability in detail for high energy
bands. We try to separate many components in X-ray spectra based on their time variabilitiy without spectral
fitting analysis. In order to study that, we calculate the Power Spectral Density (PSD) and the correlation of
count rates between a low energy band and a high energy band. The target objects selected for our analysis
are the Seyfert 1 galaxy MCG-6-30-15 and the Seyfert 1.9 galaxy MCG-5-23-16, these are well known as objects
showing the intense time variability. From next section, we show our analysis process and the results.

2 Light Curves

We show the observed light curves of MCG-5-23-16 and those of MCG-6-30-15.
Figure 1 and 2 show the light curves of MCG-5-23-16 data, and the light curves of MCG-6-30-15 are figure

3 and 4. Figure 1 and 3 show the light curves of individual detectors ( the top panel is XIS 0, the middle panel
is XIS 2, and the bottom panel is XIS 3 ) in the energy band from 2.0 keV to 5.0 keV. Figure 2 and 4 show the
light curves of HXD PIN detector at 12.0-50.0 keV, and these panels from the top are the all events data, the
background events data, and the net data after substraction of the background event data. These four light curves
are the data binned in 4096 seconds.

3 Power Spectral Density ( PSD )

In general, when we analyze time behavior, the Fourier analysis is used. But we can not use the method and we
can not estimate the power spectral density, because the observed data is not continuous and the time intervals
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Figure 1: 2.0-5.0keV XIS Light curves Figure 2: 12.0-50.0keV HXD PIN Light curves

Figure 3: 2.0-5.0keV XIS Light curves Figure 4: 12.0-50.0keV HXD PIN Light curves

of these data sets are not same. Therefore we start to investigate the light curve binned in different binsize
from a few hundred seconds to ten thousands of seconds. We first calculate the simple chi-square for their light
curves. However since the observed light curves are not in the same time intervals, the errors of each data point
are different. In order to take account of these errors, we define P-squre showed by equation (1) to reduce the
statistical weight for data with large errors.

P 2 = (1/µ2) × (χ2/s2) (µ is the average of events, and xi is the count rate of events) (1)

χ2 = Σ{(xi − µ)2/σ2

i } (σi is the statistical error) (2)

s2 = Σ(1/σ2

i ) (3)

Figure 5 and 6 show the result calculated the P-square. Figure 5 shows the result for MCG-5-23-16 data,
and figure 6 shows MCG-6-30-15. In both figures, the red crosses and the green circles show the XIS data for
2.0-5.0keV and the HXD PIN data for 12.0-50.0keV respectively. For MCG-5-23-16, the power of XIS and HXD
PIN data are similar, while in MCG-6-30-15 data there is clear difference between XIS and HXD PIN data. In
addition, we found that the variability decreases as the binsize gets longer for both objects. Expansion of the
binsize from 256 to 512 seconds reduces variability of timescale between 256 and 512 seconds.

In general, a variance is the integration of PSD from ν0 to ν1 as shown by equation (4). The ν0 corresponds
to inverse of the minimum binsize, and the ν1 is given by inverse of total length of the data. Therefore in order
to estimate PSD at a frequency, we calculate the differential of the variance on each binsize as shown by equation
(5).

P 2 =

∫
ν1

ν0

PSD(ν)dν (4)

PSD(ν1, ν2) = (P 2

2 − P 2

1 )/(ν2 − ν1) (5)

The results of PSD explained above are shown in figure 7 and 8. The marks in these figures are the same as
them of figure 5 and 6. The dashed lines drawn in figure 7 and 8 indicate the statistical error level of PSD of each
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Figure 5: The P 2 of MCG-5-23-16 data Figure 6: The P 2 of MCG-6-30-15 data

Figure 7: MCG-5-23-16 Power Spectral Density Figure 8: MCG-6-30-15 Power Spectral Density

detector. For high frequency, it is seen that the PSD for the observed data is constant, when the power comes
close to the dashed lines. It suggests PSD at high frequency is dominated by the statistical errors. From figure
7 and 8, it seems that there is few difference between the power of XIS and that of HXD PIN in MCG-5-23-16
while the power of HXD PIN is smaller than that of XIS in MCG-6-30-15.

4 The intensity correlation between XIS and HXD PIN

We investigate the correlation between the count rates of XIS 0 and HXD PIN for each object. The correlation
for MCG-5-23-16 and for MCG-6-30-15 are shown in figure 9 and 10 respectively. These data points are made
from the light curve binned in 32768 seconds. From the results the positive correlation is seen in both objects,
though the MCG-5-23-16 data may allow the line to cross the origin, in the case of MCG-6-30-15 the large offset
counts are significant for HXD PIN data.

Figure 9: The correlation between XIS0 and HXD PIN
for MCG-5-23-16

① abs

② ref

Figure 10: The correlation between XIS0 and HXD PIN
for MCG-6-30-15
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5 Discussion

We analyzed light curves not with Fourier analysis used in general but with new method for the time variability
which was discontinuous and which the statistical errors were uneven. Following is the summary of the method.
First, the variance is calculated for light curves binned by each time. Next, the PSD at a frequency is calculated
from the differential of its variance. In addition, we investigated the correlation between count rates of XIS and
HXD PIN.

For MCG-5-23-16 data, the power of PSD of HXD PIN is similar to that of XIS, and the correlation between
count rates of XIS and HXD PIN is good without offset. This will imply that the same spectral components
dominate both time variabilities in the XIS and HXD PIN energy bands. On the other hand, in the case of
MCG-6-30-15, the PSD power of HXD PIN is smaller than that of XIS, and it is clear that the offset of HXD PIN
is larger than that of MCG-5-23-16. Hence it is suggested that X-ray spectrum in HXD PIN band includes not
only a variable component but also a stable component.

Figure 11: The best fit model for MCG-5-23-16 [1]

①

②

Figure 12: The best fit model for MCG-6-30-15 [2]

Figure 11 and 12 show the best fit spectral model of MCG-5-23-16 and that of MCG-6-30-15 respectively.
The vertical dashed lines in both figures show the HXD PIN energy band from 12.0 keV to 50.0 keV. In both
figures the X-ray continuum spectra are mainly consisted of absorbed and reflected components. We notice that
the contribution of reflected component in spectrum of MCG-6-30-15 is much larger than that in MCG-5-23-16
from both figures.

In general, the geometrical structure of active galactic nuclei is considered that the central region harbor 106−8

solar mass black holes, accretion disks, and the optically thick torus located in the outer area. We consider the
reflection components in figure 11 and 12 as the reflected component by the torus. We think that compared with
the absorbed component this reflection component has the timelags and smearing whose time scale is given by
the time to go across the distance between a nucleus and a torus with light velocity. Hence, the time behavior of
this component becomes slower and smaller than that of absorbed one.

Taking these into consideration and watching figure 12, that figure shows that the contribution of reflected
component is larger than that of absorbed direct component in the HXD PIN energy band. Therefore we think
that dilution effect by the reflected component has affected the time variability of this band. For this, as shown
in figure 10, we found that there are large offset counts in HXD PIN band for MCG-6-30-15 on the correlation
which is made by the light curve of 32768 seconds binning. It implies that a stable component affects a lot on
this time scale. From this discussion, we consider that the time behavior is smoothed by this stable component
for HXD PIN band. And if we decide that the reflected component mentioned in spectral fit is this stable one, we
can suggest that our timing analysis is consistent with the result from the spectral fitting.

Therefore our method can be one of the strong tool which is distinguished some component in the spectrum
without spectral fitting analysis.
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