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ABSTRACT

Context. Active galactic nuclei (AGNs) exhibit significant variability across the electromagnetic spectrum on a wide range of
timescales. This variability is particularly extreme in the X-ray band, showing both high-amplitude and rapid fluctuations. Power
spectral density (PSD) analysis is a common tool used to characterise the observed variability in these objects. Although PSDs of
AGN are typically well described by a bending power-law model, the dependence of the model parameters on photon energy has not
been systematically explored in the past.

Aims. Our objective is to investigate whether the PSD parameters of AGNs depend on energy, considering two low-mass Seyfert
galaxies — NGC 4051 and NGC 4395 — as case studies. Both sources are highly variable in X-rays, and they have been observed
extensively with current and past X-ray satellites. Using all archival observations, we aim to measure their power spectra over a broad
frequency and energy range and investigate if and how the power spectrum evolves with energy.

Methods. We used archival data from XMM-Newton, Suzaku, and NuSTAR, and computed the power spectrum in six energy bands
from 0.3 to 20 keV. Then we fitted the power spectra with a bending power-law model and investigated the energy dependence of the
model parameters.

Results. The power spectra computed using light curves taken from different satellites and at different times are consistent within
the errors, indicating that the X-ray variability process is stationary in these two objects. We found that, for both sources: a) the PSD
bending frequency remains constant with the energy, b) the high-frequency slope becomes flatter with increasing energy, and c) the
power spectrum amplitude decreases with increasing energy.

Conclusions. Our results can significantly constrain current models that explain the variability of X-rays in AGNs (such as the fluc-
tuating accretion rate model). Similar studies of more AGNs are necessary to quantify in detail the energy dependence of the power

spectrum in AGNs.

Key words. galaxies: active — galaxies: individual: NGC 4051 — galaxies: individual: NGC 4395 — galaxies: Seyfert —
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1. Introduction

Active galactic nuclei (AGNs) display significant variability
across the electromagnetic spectrum. The most exceptional vari-
ability, both in terms of timescales and amplitude, is exhibited in
the X-rays. It is generally believed that the X-ray variations orig-
inate from the innermost region around the supermassive black
hole (SMBH) and can provide insights into the accretion pro-
cesses and physical conditions that drive AGN emission.

A bending power-law (BPL) model describes well the X-ray
power spectral density (PSD) of Seyfert galaxies in the 2—10 keV
band. Their PSDs have a power law (PL)-like shape at low
frequencies (with a slope of ~—1) that ‘bends’ or ‘breaks’
to a steeper slope above a characteristic frequency, v, (see
Paolillo & Papadakis 2025, and references therein). The bend-

* Corresponding author: vasdiam@hysics.uoc.gr

ing frequency appears to scale with the physical parameters of
the AGN. In particular, higher break frequencies (shorter charac-
teristic timescales) are observed in AGNs of a lower black hole
(BH) mass and a higher accretion rate (McHardy et al. 2006).

The majority of X-ray PSD studies so far have relied on the
use of broadband X-ray light curves, mainly in the 2-10keV
band. Although this approach maximises the signal-to-noise
ratio of the PSD, it obscures any energy-dependent variations
in the PSD characteristics.

It was clear from the first detailed PSD studies of AGNs
that the power spectrum varies with energy. For example,
Papadakis & Lawrence (1995) found that the slope of the X-ray
power spectrum of NGC 4051 flattens at high energies, which
has significant implications regarding the nature of the X-ray
emitting source in AGNs. The flattening of the high-frequency
slope of the PSD has been verified many times in the past.
In particular, the study of the X-ray PSDs of many AGNs by
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Gonzélez-Martin & Vaughan (2012) showed that the slope of the
X-ray PSDs in the 0.2-2 keV band is systematically steeper than
the PSD slope in the 2—-10keV band.

However, the dependence of the PSD characteristics on
energy, in particular the energy dependence of the bending
frequency and of the PSD amplitude, is not well known.
Vaughan et al. (2003), Markowitz et al. (2007), Markowitz
(2009), and Markowitz (2010) studied the PSDs of MCG-6-
30-15, Mrk 766, IC 4329A, and NGC 7469 in various energy
bands. They reported the PSD characteristics in the various
energy bands, but they did not study in detail their dependence
on energy. Recently, Rani et al. (2025) presented a study of
the NGC4051 X-ray power spectrum using observations from
XMM-Newton and NICER. Their main objective was to study
the energy dependence of the power spectrum, by computing the
PSD in many bands in the 0.3-3 keV range. This range is rather
limited (by the sensitivity of NICER), although it spans an order
of magnitude in energy. They found no significant energy depen-
dence of any of the PSD characteristics in these energy bands.
This result is interesting, but it is based on the study of the soft
X-ray band variations only, and leaves the study of the variations
at higher energies unexplored.

We study in detail the energy dependence of the power
spectrum of NGC 4051 and NGC4395. We chose these sources
because they have been extensively observed by all recent X-ray
satellites and they are relatively bright (especially NGC 4051)
and highly variable. Therefore, it is possible to accurately deter-
mine their X-ray PSD in many energy bands and study its energy
dependence. The mass of their central BH is also small; there-
fore, the expected bending frequency will be well determined
by XMM-Newton light curves. This greatly facilitates the accu-
rate determination of the PSD amplitude and its high-frequency
slope.

NGC4051 is a narrow-line Seyfert 1 galaxy with a rela-
tively low-mass BH (9 = x10° M,"). Since it is one of the
brightest and most variable AGNs in X-rays in the local Uni-
verse, NGC 4051 has been observed by many X-ray satellites
and its X-ray power spectrum has been studied extensively in the
past (e.g. Lawrence et al. 1987; Papadakis & Lawrence 1995;
McHardy et al. 2004; Vaughan et al. 2011), providing an abun-
dance of data.

McHardy et al. (2004) studied in detail the X-ray PSD of
the source using the long-term RXTE and a single XMM-Newton
observation. The resulting PSD in the 2-10keV band is one of
the best X-ray PSDs among AGN. It extends over almost eight
orders of magnitude in frequency, from very low to high frequen-
cies. It is one of the first Seyferts whose PSD was shown to be
well fitted by a BPL. The PSD slope at low frequencies is very
close to ~—1, and then slowly bends to a slope of ~—2 above
~8 x 107* Hz.

The PSD shape is remarkably similar to that of Cyg X-1
in its soft state, after accounting for the ~10° difference in the
BH mass between the two sources. McHardy et al. (2004) and
Rani et al. (2025) studied the energy dependence of the power
spectrum of NGC 4051. Compared to these works, we use more
data and compute the PSD at longer and shorter frequencies and
over a wider range of energies, which extend from ~0.4 up to
15keV.

NGC 4395 is a dwarf spiral galaxy. Its central active nucleus
(classified as Type 1.8 Seyfert) displays even more extreme

" BH mass estimates for both sources are taken from ‘The AGN Black
Hole Mass Database’ (Bentz & Katz 2015), assuming a scale factor f =
4.8, following Batiste et al. (2017).
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variability on shorter timescales because it hosts one of the
lowest-mass BHs among all known Seyferts (~3 x 10 My).
This implies strong variations on very short timescales in its
inner region, where X-rays should be produced. This was con-
firmed by the first long XMM-Newton observation of NGC 4395.
Vaughan et al. (2005) studied the energy dependence of the
power spectrum. As with NGC 4051, we use more data and we
compute the power spectra at longer and shorter frequencies and
over a wider energy range.

In this work, we present the results from the systematic anal-
ysis of the energy-dependent X-ray variability of NGC 4051 and
NGC4395. We used archival data from three different observa-
tories, namely XMM-Newton, Suzaku, and NuSTAR, which pro-
vide broad energy coverage and long continuous light curves.
The combined use of the light curves from these observatories
enabled us to accurately estimate the power spectrum from 0.4
to 15keV (that is, a factor of 40 difference from the lowest to
the highest energy). In this way, we can investigate how the
PSD parameters (i.e. slope, amplitude, and bending frequency)
change with respect to the emitted photon energy.

The paper is structured as follows. In Sect. 2 we discuss
the observations and data analysis. In Sects. 3 and 4 we discuss
how we calculated the PSDs in the various energy bands and the
model fits, respectively. In Sect. 5 we present the results of the
study of the energy dependence of the PSD parameters. Finally,
in Sect. 6 we explore the implications of our findings.

2. Observations and data reduction

We used observations from XMM-Newton, NuSTAR, and Suzaku
X-ray satellites. The combination of light curves from these X-
ray missions enabled the construction of PSDs in a wide range
of frequencies across seven energy bands, namely 0.3-0.5, 0.5—
0.8, 0.8-1.5, 1.5-5, 5-10, 10-15, and 15-20keV. The obser-
vation log, including the observation IDs, start time, and dura-
tion of the observations, is shown in Table A.1. We used XMM-
Newton EPIC-pn data due to its large effective area, which pro-
duces high signal-to-noise light curves. The long duration of
the Suzaku and NuSTAR light curves allowed us to compute the
power spectrum at frequencies lower than the lowest frequency
we can probe with XMM-Newton EPIC-pn light curves. We con-
sidered all the publicly available archival observations until the
end of 2024 in the science archive of the three satellites for both
sources. This amounted to nineteen XMM-Newton observations,
three from Suzaku, and five from NuSTAR for NGC 4051. There
are 17 archival XMM-Newton observations for NGC 4395, but
only 11 of them are listed in Table A.1. Five of the remaining
observations were heavily affected by background flares, and the
source is very faint in the last one. Furthermore, we also consid-
ered the sole Suzaku observation and all archival NuSTAR obser-
vations for this source.

2.1. Data reduction of the XMM-Newton observations

We reduced the XMM-Newton data using the Science Analy-
sis System (SAS) version 21.0.0. We first filtered the data to
retain only single and double pixel events (PATTERN < 4), and
applied the standard FLAG = 0O selection expression. In order to
extract light curves from the filtered data, we considered a circu-
lar source region with a radius of 40 arcseconds.

All NGC4051 observations were conducted in the small
window mode (SWM), except one (ObsID 0157560101) which
was in the large window mode (LWM). For the SWM mode
observations we chose rectangular background regions, which



Diamantopoulos, V. A., et al.: A&A, 707, A180 (2026)

were approximately 1.15 times the size of the source aperture.
The background region for the LWM observation was chosen in
the same CCD as the source and was approximately 8.75 times
the area of the source extraction region. The NGC 4395 obser-
vations were conducted in the full frame mode (FFM), with the
exception of ObsID 0744010101 which was in the SWM. The
ratio of the area of the background region versus the source
region for the FFM observations was approximately 18.4, while
the background region of the SWM observation was approxi-
mately 5.1 times larger than the source extraction region.

Before the extraction of light curves, we checked all obser-
vations for the presence of pile-up. All were found to be pile-up-
free, except for the LWM observation of NGC4051. To reduce
the effects of pile-up, we extracted the source light curve from
an annular region with an inner radius of 17.5 arcseconds and an
outer radius of 40 arcseconds. This adjustment resulted in a ratio
of background versus source extraction region of approximately
10.8. We also investigated the possibility that observed varia-
tions are contaminated by flaring background. To this end, we
examine the background time series in each energy band. Most
of the time and for all observations, the background is low and
relatively stable. However, the background rate increased signifi-
cantly in the final (or first) few kiloseconds of some observations.
We do not consider these light curve parts in our analysis (the
‘duration’ listed in Table A.1 indicates the duration of the light
curves after we omitted the parts with high background flares).

We extracted background-subtracted light curves using
epiclccorr, in the energy bands between 0.3-10keV. The
XMM-Newton light curves were binned at a 10s resolution for
all energy bands and for both sources. These light curves will be
used for the estimation of the high-frequency part of the power
spectrum of the sources.

2.2. Data reduction of the Suzaku observations

We reduced the Suzaku data using HEASoft version 6.34 with the
latest available calibration files. The light curves were extracted
across the same energy bands as XMM-Newton, using xselect
to filter events from the source and background regions. The
background light curves were scaled to match the source region
size and subsequently subtracted from the corresponding source
light curves.

We extracted light curves binned at a 10 s resolution for both
NGC 4051 and NGC 4395. We then rebinned them at a time res-
olution of 2900 s, which is approximately half the orbital period
of Suzaku. This is necessary to construct evenly sampled light
curves with fully exposed bins (see below). The Suzaku light
curves with a bin size of 2900s will be used to compute the
power spectrum at low frequencies.

Once the background-subtracted light curves were extracted,
we examined whether we could add the XISO, XIS1, and XIS3
light curves. The XISO and XIS3 units on the Suzaku satel-
lite contained identical CCD detectors. However, XIS1 was
equipped with a back-illuminated CCD, which had a different
response compared to the CCDs of XISO and XIS3. To deter-
mine whether we could add all light curves together, we sub-
tracted the count rates for each pair of detectors and performed
a y’-test to investigate whether the rate differences are con-
stant. For the NGC 4051 observations, we found that the rate
difference between the XIS1 and the other two light curves
is not constant for most observations, in all bands (the proba-
bility of the null hypothesis of a constant difference was less
than 0.01). On the other hand, we found that the difference
between the XISO and XIS3 light curves displayed a constant

difference. Therefore, we added the XISO and XIS3 light curves
together.

The same test was performed for the NGC 4395 light curves
from the single Suzaku observation. We found that the difference
between the count rate of the three units had no significant devi-
ation from a constant for all pairs of detectors in the three higher
energy bands. In contrast, the differences between the XISO and
XIS1, and the XIS1 and XIS3 light curves showed a significant
deviation from a constant value (pp,; < 0.01) in the 0.3-0.5, and
0.5-0.8 keV energy bands. Therefore, we added only the XISO
and XIS3 light curves in the 0.3-0.5, and 0.5-0.8keV energy
bands, while we added all three light curves in the other bands.

2.3. Data reduction of the NuSTAR observations

The NuSTAR data were processed using the NuSTAR data anal-
ysis pipeline, nupipeline, to produce the event files used for
the extraction of the light curves. For this process, we used
the nustardas v2.0.0 software package and CALDB version
20170222. From the cleaned event files, we extracted source
and background light curves for the two focal plane modules,
FPMA and FPMB, using the nuproducts script. A circular
source region with a radius of 60 arcseconds was chosen for
both detectors, and the standard live-time, point spread func-
tion, and vignetting corrections were applied. Background light
curves were obtained from a source-free region with a radius of
120 arcseconds, located at a similar off-axis angle to the source.

We extracted light curves binned at a 10s resolution both
for NGC 4051 and NGC 4395 in the 5-10 and 10-20 keV bands.
The resulting NuSTAR light curves were then rebinned at At =
2900 s, as we did with the Suzaku observations. We used the 10-
sec binned light curves to estimate the high-frequency PSD in
the 5-10 and 10-20keV bands and the 2900s to estimate the
low-frequency PSD in the same bands.

We performed the same test as we did for the Suzaku light
curves to decide whether we could combine the FPMA and
FPMB light curves. We found that the count rate difference of the
two detectors is constant with time in all cases; thus, we added
the FPMA and FPMB light curves together (for both sources).

3. Power spectrum estimation
3.1. Estimation of the high-frequency PSD

To estimate the power spectrum at high frequencies, we used
the 10-sec binned XMM-Newton light curves in the 0.3—10keV
bands and the 10-sec binned NuSTAR light curves in the 5-
20keV bands. First, we divided the light curves into shorter
segments and calculated the periodogram for each one as
follows:

N 2

D xa(t)e

i=1

2
In(fj) = —

At
N (D

where At is the time bin of the light curve, and N is the total num-
ber of points in the segment. Data were normalised to the light
curve mean, i.e. x,(#;) = (x(t;) — X)/x, where x is the mean count
rate of the segment. We computed the periodogram at the usual
Fourier set of frequencies, i.e. fj = j/(NAf), j=1,2,...,N/2.
We decided to work with the logarithm of the periodogram
(whose distribution is much more symmetric than the distri-
bution of Iy). We therefore calculated the logarithm of the
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Fig. 1. Plot of the 0.3-0.5 and of the 1.5-5keV band count rates as
function of the 5-10keV band count rate of NGC 4395 (top and bottom
panels, respectively).

periodogram; that is, log [PSD(f;)] = log[IN(fj)]+O.250682. Our
final estimate of the logarithm of the power spectrum is equal to
the mean of the log-periodograms of all segments, i.e.

1
log[PSDgna(fj)] = —— > log[PSDi(;)]. @
Se€ =1

where nge, is the number of light curve segments in each band.
The error of the average log periodogram is known and is equal
to O PS Diinal (fj) = \10.31/}’156&,.

The duration of the XMM-Newton light curve segments, T,
was 15 and 8ks for NGC4051 and NGC 4395, respectively.
The choice of T, is a compromise between the need to study
the power spectrum at low frequencies (which implies large
Teg), and the need for as many segments as possible to reduce
O ps Ds (fj) and bring the distribution of log[PSDgna(fj)] close
to Gaussian.

It is also necessary that T, is greater than the bending
timescale, T), = 1/v,. If the PSD slope below v, is ~—1, then the
red-noise leakage will be minimal, provided that T; > T}. In
the opposite case, red-noise leakage can bias the observed PSD,

2 The value of the constant is taken from Vaughan (2005), and it is nec-
essary to account for the fact that Iy is distributed as a y? variable with
two degrees of freedom (for details see Papadakis & Lawrence 1993).
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since the high-frequency PSD slope is usually steeper than —2.
The chosen T is larger than T, for both sources.

There are ng, = 50 and 59 such segments for NGC 4051 and
NGC 4395, respectively. However, there are issues with many
of the NGC 4395 segments in the low-energy bands. This is a
low-luminosity Seyfert, which is affected by absorption, both
by neutral and ionised material (see e.g. Kammoun et al. 2019).
Figure 1 shows a plot of the mean count rate of the 59 seg-
ments of the NGC4395 light curves in the 0.3-0.5 and 1.5-
5keV bands versus the mean count rate in the 5-10keV band
(top and bottom panels, respectively). Variations in the 1.5-5 and
5-10keV bands follow each other well, indicating that they are
mainly due to intrinsic source variations, unless absorption vari-
ations affect the 5-10keV band as well, which does not seem to
be the case (see, for example, Fig. 5 in Kammoun et al. 2019).
However, the top panel of Fig. 1 shows that the mean count
rate in the 0.3-0.5keV band is very low and does not appear
to vary as the 5-10keV band flux does. This is probably due to
heavy absorption, which decreases the observed count rate below
~2keV (Kammoun et al. 2019). There is an exception, and this
is the 2003 XMM-Newton observation (ObsID 0142830101).
The points in the top panel of Fig. 1 showing significant variabil-
ity in the 0.3-0.5 keV band, which is correlated with the variabil-
ity in the 5-10keV band, are from this observation.

We calculated the PSD at energies below 1.5 keV using seg-
ments from the 2003 XMM-Newton observation only (12 seg-
ments) and segments from all observations. We cannot detect the
intrinsic power spectrum (especially at high frequencies) above
the Poisson noise level in the latter case. This is due to the
low count rate when the source is heavily absorbed. The ampli-
tude of the intrinsic variations in this case is comparable and/or
smaller than the amplitude of the variations due to the exper-
imental Poisson noise. We therefore decided to work with the
PSD which is calculated using segments from the 2003 observa-
tion only. The number of segments is smaller than 20 in this case.
Hence, we calculated the mean of the log-periodogram estimates
at two neighbouring frequencies. In this way, we average 24 log-
periodogram estimates, and the resulting log(PSD) should be
approximately Gaussian distributed (e.g. Papadakis & Lawrence
1993).

To calculate the PSD in the two highest-energy bins, we
used the 42 segments with a mean count rate greater than
0.15 counts/sec in the 5-10keV band (indicated by the vertical
dashed line in the left panel in Fig. 1). As with the PSD esti-
mation at low energies, if we use segments with smaller count
rate, then we increase the average Poisson level, and the high-
frequency PSDs are less well defined.

We used the 10-sec binned NuSTAR light curves to calculate
the high-frequency PSD in the 10-20 keV band for both sources.
We created 102 and 114 segments that were 3000 s long, binned
at Ar = 10s, for NGC 4051 and NGC 4395, respectively. In this
case, T is determined by the presence of data gaps in the light
curves due to Earth occultation. If we increase T, then there
will be long gaps in the light curves. We followed the same pro-
cedure as described above for the XMM-Newton light curves and
calculated the average log-periodogram estimates for each of the
Fourier frequencies.

3.2. Estimation of the low-frequency PSD

We used the 2900 s binned Suzaku and NuSTAR light curves to
compute the PSD at low frequencies. Given the orbital period
of these satellites, these light curves consist of pairs of points
with a high and a low fraction of the exposure time. We kept the



Diamantopoulos, V. A., et al.: A&A, 707, A180 (2026)

NGC 4051
ey 03-05keV | |4, 0508 keV| |4, 0.8-1.5 keV
. 30{ e W
9) \5‘ \ﬁ' \n
Q20 Py, R T
5 B o
0.0 Mﬂm E%m %%mmm
2 30
R e Al T
- 1.5-5 keV 5-10 keV 10-20 keV
- 'Y
_. 3.0 L 4 [N
() . N
2 50 "o "y
R " |u]
87 I‘F Q\O~~o
= 1.0 0 500006600000000
0.0
g 30 5 : '
S ol e B sl b | T T
3 T “ﬂ%ﬁﬁ%ﬁﬁﬁ% i ¢¢$ﬁ i R s
“ 50 40 30 20 50 40 30 20  -50 -40 30 =20
log(v) (H2)

Fig. 2. Observed PSDs of NGC 4051 in the various energy bands we considered in this work. Open black squares and open green circles indicate
the XMM-Newton and NuSTAR high frequency power spectra, respectively. Errors are plotted in all points, but they are smaller than the symbol
size at high frequencies. Filled red squares and filled green circles indicate the low-frequency Suzaku and NuSTAR power spectra, respectively.
The dashed lines indicate the best-fit BPL models to the PSDs at energies lower than 10keV. For the 10-20keV band, the dashed green lines
correspond to the best-fit PL model. The bottom sub-panels display the best-fit residuals, with points colour-coded in the same manner (residuals
were calculated as the difference between observed and model PSDs divided by the error of the PSDs).

first point with the largest exposure fraction and then every other
point in the light curve. In this way, the light curves consist of
points that are binned over 2900 s, while At = 5800s.

We note that in the case of the 2900 s binned NuSTAR light
curves, the fraction of the exposure time is larger than 0.7° in
more than 87% of the points (and it is higher than 0.65 in the
remaining points). However, this is not the case for the Suzaku
light curves. The fractional exposure of all the points in the
NGC4051, 2900 s binned Suzaku light curves and in the sin-
gle Suzaku observation of NGC 4395 is larger than 0.4 and 0.2,
respectively. Fractional exposure is larger than 0.7 in 52% and
32% of the points in the NGC 4051 and NGC 4395 light curves,
respectively. In the case of bins with low fraction of exposure the
mean time of the observations may be different from the mean
time of the bin by ~1000—1200s, at most. By moving the mean
time of the observations by that amount (in light curves which
have duration of a day or several days), should affect the estima-
tion of the PSD at frequencies higher than ~10~3 Hz. However,
we use the Suzaku light curves to estimate the PSD at frequen-
cies lower than ~8.6 x 10~* Hz. An indication that the relatively
low fractional exposure for many points in the Suzaku light curve
does not significantly affect the estimation of the low-frequency
PSD is provided by the comparison between the low-frequency

3 This is the fraction of the exposure time in the XMM-Newton SWM
light curves.

Suzaku and NuSTAR PSDs in the 5-10 keV band. The two PSDs
are almost identical in both sources (see the red filled squares
and green filled circles in the 5-10keV panels in Figs. 2 and 3).

In the case of NGC 4051, we divided the Suzaku and NuS-
TAR light curves into eight and nine segments, respectively, with
Tsg = 95.7ks. There are 16 points in each segment, and we
computed the respective log-periodograms in eight frequencies.
As before with the high-frequency PSD estimation of NGC 4395
at low energies, since ngg is smaller than 20, we calculated the
mean of the log-periodogram estimates at two neighbouring fre-
quencies. In this way, we average 16 and 18 log-periodogram
estimates, and the resulting log(PSD) should be approximately
Gaussian distributed. Consequently, the low-frequency part of
the NGC 4051 PSDs is calculated at four frequencies, both for
the Suzaku and the NuSTAR light curves.

In the case of NGC4395, there is only one Suzaku light
curve. It is 232ks long, with N = 80 points. In this case, we
calculated the log-periodogram in 40 frequencies, and we binned
consecutive log-periodogram estimates over bins of size m = 20.
As long as the intrinsic power spectrum has a PL-like shape,
binning in the log space does not introduce any bias. Conse-
quently, there are two points in the Suzaku low-frequency part
of the NGC 4395 power spectrum. Like NGC 4051, we divided
the NuSTAR light curves of NGC 4395 into seven segments with
Tsee = 95.7ks, and we calculated the average PSD in the same
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Fig. 3. Same as in Fig. 2, but for NGC 4395.

way as described above, so there are four points in the low-
frequency NuSTAR PSDs in the higher energy bands.

4. Model fits to the PSDs

The resulting PSDs are shown in Figs. 2 and 3 for NGC 4051 and
NGC 4395, respectively. The high-frequency data in the PSDs
are further binned to reduce the errors of the log-periodogram
estimates.

We fitted the PSDs in all energy bands with two models. The
first one is a PL. model defined as follows:
log[PSDp.(v)] = log [A (l) + CPN] , 3)

Vo
where A is the PL amplitude (equal to the power spectrum at

v = vy = 3x 107 Hz), and a is the slope of the PL. The second
model is a BPL model which is defined as follows:

log[PSDgp; (v)] = log I (€Y

A -1
4 ahigh_—l + CPN} .

1+(2)
Defining the BPL model in this way implies that the slope of
the power spectrum is —1 at low frequencies, up to v, where
the slope increases to apignh. Regarding the normalisation of the
model, A/2 is equal to PSDgp.(v,) X vp,. This is the value that we
list in the table with our results (and we call it PSDyyp).

The constant Cpy in Egs. (3) and (4) is the Poisson noise

power level, which is different for the PSDs that we calculated
using the XMM-Newton, Suzaku, and NuSTAR light curves. We
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let this constant vary freely during the model fitting for the high-
frequency PSDs, as Cpy is well defined in these cases. However,
this is not the case for the low-frequency Suzaku and NuSTAR
PSDs. The Poisson noise constant is not well sampled in these
PSDs. This noise component can be predicted by the error of the
points in the light curves. The PN level is given by the following
equation:

2At 02,
Cpy = ——,
X

&)

where At is the size of the light curve bin, o2, is the mean
squared error of the points in the segment, and % the square
of the mean count rate. The constant Poisson noise for the fits to
the low-frequency Suzaku and NuSTAR PSDs was determined by
computing the mean log(Cpy) of all segments of the light curve,
using Eq. (5).

The PSD best-fit results for both models and both sources
are listed in Table 1. In general, the BPL model produces lower
/\{2 values. The PL. model does not fit well (i.e. py < 0.01) any
of the PSDs in the 0.3-10keV bands in NGC 4051. In contrast,
the BPL model fits all the PSDs very well. In NGC 4395, the
PL model does not fit the PSDs well in the 0.5-0.8, 0.8—1.5 and
1.5-5keV bands. It provides acceptable fits to the PSDs in the
0.3-0.5 and 5-10keV bands, but even in these two bands the
F—test indicates that the BPL fits the PSDs significantly better
(Ax? = 12.9 for 2 d.o.f,, F statistic = 6.26, and pyu = 0.003).
We therefore conclude that we have detected the PSD bending
frequency in all PSDs of both sources in the 0.3—10keV band.
Dashed lines in Figs. 2 and 3 show the best-fit BPL models to the
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Table 1. PSD best-fit Results.

NGC 4051 NGC 4395
)(2 /d.o.f. Xz/d.o.f. PSDump Vi Qhigh )(2 /d.o.f. Xz/d.o.f. PSDamp Vi Ghigh

(keV) (PL) (BPL) (x1072)  (x1073Hz) (PL) (BPL) (x1072)  (x1073Hz)

0.3-0.5 105.2/50  49.2/49 3.0%03 0.20709¢ 2,16 £0.06  22.4/20 159/19  10.3*2 21574 222402
0.5-0.8  103.5/50  56.4/49 3.540¢ 0177093 2.09+0.06  41.820  20.4/19 7143 2537074 2.88+068
0.8-1.5 93.7/50  62.6/49 3.6108 0.1370:99 198£0.06 42.1/20  273/19 4706 43475 2827071
1.5-5 76.3/50  57.7/49 4.2%12 0.0970.99 1.88£0.06 58523 29222 31x04 156705 23273
5-10 110.3/73  93.5/72  1.5+03  0.19*3)2 1.88*014 54.4/44  48.0/43 19+03 104705 2.01%03)
10-20 26.0/21 <1 >0.12 1.8 17.7/20 <712 >0.03 20

Notes. PSD best-fit results for NGC 4051 and NGC 4395 in the various energy bands. Columns (2,3), and (7,8) list the best-fit y* for the PL
and BPL models to the NGC 4051 and NGC 4395 PSDs, respectively. Columns (4,5,6) and (9, 10, 11) list the best-fit BPL parameters. Errors
correspond to 1o confidence range. ¢ The BPL high-frequency slope is frozen at —1.8 and —2.0 for NGC 4051 and NGC 4395, respectively.

high- and low-frequency PSDs at energies lower than 10keV.
The PL model fits well the 10-20keV band PSDs (the dashed
lines in the 10-20keV PSDs in Figs. 2 and 3 show the PL best-
fit to the PSDs).

The best-fit slopes are all consistent with —1. This result
indicates that we cannot detect the bending frequency because
we cannot probe the high-frequency part of the PSDs in these
energy bands. This is because the Poisson noise level is quite
high in these PSDs (and the PSD amplitude is rather low, at least
in NGC 4051, see, e.g. the bottom right panel in Fig. 2).

To place some constraints on v,, we fitted the respective
PSDs with a BPL model keeping apign fixed at 1.8 and 2 in
NGC 4051 and NGC 4395, respectively (these slopes are roughly
equal to the best-fit apnien values in the 5-10keV band). The
corresponding upper and lower 99% limits in the 10-20keV
PSD,p and v;, are listed in Table 1.

5. The energy dependence of the power spectrum

The black squares in Fig. 4 show the best-fit parameters of the
BPL model plotted as a function of energy in NGC 4051: PSD
amplitude, high-frequency slope, and bending frequency versus
energy in the left, centre, and right panels, respectively. The
blue circles and red squares indicate the best-fit parameters of
McHardy et al. (2004) and Rani et al. (2025), respectively. The
McHardy et al. (2004) results are based on the PSD modelling
of a single XMM-Newton light curve. They also used the BPL
model to fit the PSDs and kept the low-frequency PSD slope
fixed at 1.1 (i.e. similar to our approach). They calculated the
PSD in similar energy bands, and the trend of the best-fit param-
eters with energy is in agreement with ours. However, the error
of the best-fit parameters from our PSD modelling is smaller,
because we use all of the archival XMM-Newton observations,
as well as longer light curves (McHardy et al. 2004 report the
PSD amplitude without errors). The fact that we determine the
PSD at lower (and higher) frequencies with smaller errors may
also explain the systematic difference between McHardy et al.
(2004) and our results. We detect the PSD bending frequency at
lower frequencies, which explains why the PSD amplitude turns
out to be larger in our case. At the same time, there is a wider fre-
quency range at high frequencies to determine ay;g in our case.
It is interesting that ayen appears to be quite flatter compared to
the McHardy et al. (2004) results. Rani et al. (2025) performed a
PSD analysis of the NGC 4051 light curves in a narrower energy
range. They used the same XMM-Newton data sets, but the addi-
tion of the Suzaku and NuSTAR long light curves allowed us to

fit the PSD over a wider frequency range. For the same reasons
that we discussed above, since our best fit v, is lower than the
Rani et al. (2025) results, the best-fit PSD,,, is also larger.

The left panel in Fig. 4 suggests that PSD,,, may increase
from 0.4 to 3keV and then decrease considerably at higher ener-
gies. The upper limit at 15keV indicates that the decrease in
the PSD amplitude continues at energies higher than 10keV.
The apparent increase in the PSD amplitude with the energy
below 3keV is not significant. The weighted mean of the PSD
amplitude in the first four energy bands is equal to PS_Damp =
3.3(+0.3) x 1072 (indicated by the horizontal solid line in the
left panel of Fig. 4). The amplitude of the power spectrum in
these bands is consistent with PSD,,, (within errors). The mid-
dle panel of Fig. 4 shows that ayen flattens with increasing
energy. A log-linear relation of the form ayign(E) = A + Blog(E)
fits the data well Q\/Z = 1/3 d.o.f.), with A = 2.03 + 0.03 and
B =0.29 +£0.08.

Finally, we find no evidence of a significant correlation
between v;, and energy in NGC 4051 (right panel in Fig. 4). The
weighted mean of the bending frequency, ¥, nGc 4051, 1S equal to
1.5(x0.2) x 10~* Hz. The horizontal solid line in this panel indi-
cates the mean bending frequency. This line fits the data very
well (y? = 3.2/4 d.of.,, paun = 0.52). This result indicates that
the bending frequency in the X-ray PSD of NGC 4051 does not
depend on energy.

The results on the energy dependence of the BPL parame-
ters of NGC 4395 are shown in Fig. 5. Our results agree well
with the results of Vaughan et al. (2005) (shown with the open
red squares). The PSD amplitude decreases strongly with energy.
The solid black line in the left panel of Fig. 5 shows the best-fit
log-linear function of the form PSD,,(E) = A + Blog(E). It fits
the data well (y*> = 3.1/3 d.o.f.), with A = 5.4(+0.5) x 1072 and
B = 0.04 £ 0.01). The solid line in the middle panel indicates
the weighted mean of apien (which is 2.28 + 0.16). This line
fits the data well (x> = 2.5/4 d.o.f.). This result indicates that
the PSD high-frequency slope does not depend on the energy in
this source. However, this result may depend on the fact that the
errors of apign are larger in NGC 4395 (which is not surprising,
given the fact that the bending frequency is much higher in this
source). The dashed line in the middle panel of Fig. 5 shows
the best fit of a log-linear line with a slope equal to the best-
fit slope of the solid line plotted in the middle panel of Fig. 4
in the case of NGC4051. The fit is good (,\,/2 = 1.6/4 d.o.f);
although this result is not conclusive, it shows that it is possible
that anign flattens with increasing frequency in NGC 4395 like in
NGC4051.
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Fig. 4. The energy dependence of the PSD parameters of NGC 4051. The solid black squares show the best-fit, BPL model parameters plotted
as a function of energy for NGC4051. Open red squares and open blue circles show the respective results from Rani et al. (2025), and from
McHardy et al. (2004), respectively. The solid lines indicate the weighted PSD,,, of the four lowest energy points in the left panel, the best-fit
log-linear model to the apigy — E data in the middle panel, and the weighted bending frequency in the right panel. Note that, for comparison reasons,
the y axis limits are the same in the relevant panels in this figure and in Fig. 5.

The solid line in the right panel of Fig. 5 shows the weighted
mean of the bending frequency in the X-ray PSD of NGC 4395
at all frequencies (¥, = 1.73(+0.25) x 1073 Hz.). This line fits
the data with y*> = 10.8/4 d.o.f. The null hypothesis probabil-
ity is 0.03, which is higher than the limit of 0.01 that is usually
accepted to assess whether a fit is statistically accepted or not.
We note that pn,; = 0.03 corresponds to a ~1.90 effect, which
is hardly accepted as significant. Nevertheless, to investigate the
possibility of a non-constant bending frequency, we fit the data
with a straight line in the log-log space, and find a best-fit slope
of —0.40+0.16. The best-fit improves by Ay? = 3.1 for one extra
parameter, which is not statistically significant (according to the
F-test). We therefore conclude that the hypothesis of a constant
bending frequency is fully consistent with the data. There is an
indication that the bending frequency may decrease with increas-
ing energy, but this is not statistically significant.

6. Discussion

In this study, we used data from XMM-Newton, Suzaku, and NusS-
TAR to estimate the PSD of NGC 4051 and NGC 4395 in five
energy bands within the range of 0.3—10keV. We also consid-
ered the 10—15 and 15-20keV band NuSTAR light curves but,
because of the low count rate, we finally studied the combined
1020 keV band light curves only.

We used data from XMM-Newton and NuSTAR to probe the
high-frequency PSD, and data from Suzaku and NuSTAR to cal-
culate the power spectrum at frequencies lower than the range
covered by XMM-Newton. This resulted in PSDs that extended
above the Poisson noise level from ~1073 Hz up to 2-3 orders
of magnitude in the frequency range, depending on the energy
band. This is the first time power spectra have been calculated
for both sources in so many energy bands, over a broad range of
frequencies, with high accuracy. Our results indicate interesting
relations between the PSD parameters and energy, which can put
constraints on various theoretical models, as we discuss below.

6.1. The energy dependence of the PSD bending frequency.

Our results indicate that the bending frequency remains con-
stant with the energy in both sources. These results are not in
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agreement with the propagating fluctuations model (Lyubarskii
1997; Kotov et al. 2001; Arévalo & Uttley 2006). According to
this model, the corona accretes, and its temperature increases as
the radius decreases. This causes higher-energy photons to orig-
inate closer to the BH. Accretion rate fluctuations occur at each
radius on a characteristic timescale which is equal to the local
viscous timescale. This timescale decreases inwards, i.e. as the
radius decreases. Consequently, since higher-energy photons are
emitted from the inner corona, this model predicts an increase
in the bending frequency with increasing energy. For example,
Figure 2 in Arévalo & Uttley (2006) shows that the bending fre-
quency of the ‘hard’ energy band power spectrum (indicated
with the dashed line in Figure 2) is significantly higher than v,
of the ‘soft’ band PSD (dotted line).

It is possible that the X-ray corona is located within the
disc and that accretion fluctuations do not propagate within the
X-ray corona. The observed X-ray variations could be caused
by accretion-rate variations in the accretion disc, which prop-
agate inwards, down to the inner disc radius (which coincides
with the outer radius of the corona). In this case, the bending
frequency in the PSD should be the same in all energy bands,
and it would be equal to the viscous timescale at the inner disc
radius. However, accretion rate fluctuations propagating through
the corona are necessary to explain the continuous, hard time-
lags that are observed in Seyfert galaxies, like NGC 4051 for
example (Epitropakis & Papadakis 2017). Therefore, we should
expect an increase in v, with increasing energy, which is not
what we observe.

Another possibility that could be consistent with our data is
a highly magnetised corona. According to Haardt et al. (1994),
the energy that powers the corona could be stored in magnetic
field structures above the accretion disc (see also Galeev et al.
1979). These structures accumulate energy over a characteristic
‘charging’ timescale. This energy is subsequently released over a
‘discharge’ timescale. This process heats up electrons within the
corona, which in turn produce X-rays via inverse Compton scat-
tering of optical and ultraviolet photons emitted from the disc.
In essence, X-ray variability is governed by this cycle, which
is naturally independent of energy, and the bending frequency
could correspond to one of the two timescales that govern
this cycle’s time evolution. According to Paolillo & Papadakis
(2025), the charging timescale could be responsible for the
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Fig. 5. Same as in Fig. 4, but for NGC 4395. Open red squares in this case indicate the results of Vaughan et al. (2005). The solid lines indicate the
best-fit log-linear model to the PSD,,;, vs. E plot (left panel), the weighted mean ayign and v, (middle and right panels, respectively). The dashed
line in the middle panel indicate the best-fit log-liner model with a slope equal to the slope of the bst-fit to the apign — E data in NGC 4051.

bending timescale detected in Seyferts so far (see their
Figure 27). Therefore, this possibility could explain the fact that
v, does not depend on the energy in NGC 4051 and NGC 4395.

We note that the average bending frequency in the X-ray
PSD of NGC4395 is ~10times higher than v, in NGC4051.
If characteristic timescales increase proportionally to the BH
mass in accreting systems, then we would expect the BH mass
in NGC 4395 to be ~0.1 of the BH mass in NGC 4051. There-
fore, our results favour BH mass estimates that are smaller/larger
than the values we mentioned in Sect. 1 for NGC4395 and
NGC4051, respectively. For example, Edri et al. (2012), found a
BH mass of 5(+2.6) x 10* M, for NGC 4395. This value would
imply a ratio of 0.06 + 0.03 for the BH mass estimates for the
two sources, in agreement with the ratio of the respective bend-
ing timescales we measure in this work.

6.2. The energy dependence of the high-frequency PSD
slope.

Our results show that the high-frequency slope becomes flatter
with increasing energy in NGC 4051. The best-fit slope of the
line plotted in the middle panel of Fig. 4 is —0.29 + 0.08, which
implies that the flattening of the PSD slope with energy is signif-
icant at the 3.60 level in this object. This trend between an;gn and
energy is not directly visible for NGC 4395, but may be present
in this source as well. The dashed line plotted in the middle panel
of Fig. 5 indicates that the same flattening of the high-frequency
PSD slope with increasing energy that we see in NGC 4051 may
also be true for NGC 4395.

The dependence of the PSD slope on energy can put
important constraints on the physical properties of the X-ray
corona in AGN. Papadakis & Lawrence (1995) were the first
to notice this trend in their study of the NGC4051 power
spectrum with the use of EXOSAT light curves. They also
pointed out the importance of this effect. If X-rays are pro-
duced via inverse Compton scattering in a corona with uni-
form temperature, then the PSD is expected to (significantly)
steepen at higher energies. The reason is that the increased
number of scattering events required to produce higher-energy
photons eliminates fast variations, and therefore results in
lower variability at higher frequencies. Therefore, one would
expect the high-frequency PSD slope to increase significantly
(i.e. to steepen) with increasing energy. This is opposite to

what we observe in NGC 4051, and potentially to NGC 4395
as well.

On the other hand, the data indicate that the PSD slope in
NGC 4395 may be constant with energy. The same may also
be the case in NGC4051 at low energies. The best-fit values
in Table 1 show that the high-frequency slope is roughly con-
stant above ~1.5keV, and steepens at lower energies, where the
soft-excess component is present. If this component is due to
X-ray reflection, then we expect it to be less variable at high
frequencies (as the disc reprocessing will smooth out the fast
variations), which could lead to a steepening of the PSD slope.
However, even if the PSD slope remains constant with energy,
this is still against the prediction of thermal Comptonisation. Our
results regarding the high-frequency PSD strongly suggest that
the X—ray corona in AGN cannot be just a region with uniform
energy. It must be dynamic, and either it is a single medium with
a non-uniform temperature or it is composed of multiple emit-
ting regions with different temperatures.

6.3. The energy dependence of the PSD amplitude.

The energy dependence of the PSD amplitude remains an open
question. As Paolillo & Papadakis (2025) reports, the amplitude
of the PSD in Seyfert galaxies remains roughly constant at fre-
quencies below v;. In the PS D(v) X v space, the low-frequency
PSD amplitude in the 2-10keV band is approximately ~0.01—
0.02. Furthermore, Papadakis & Binas-Valavanis (2024) found
that, for AGNs, PSD(v) X v is ~0.014 in the 14—-195keV band (at
low frequencies). This result suggests little to no energy depen-
dence on the average PSD amplitude of AGNs over a broad
energy range.

Our results show that the PSD amplitude decreases with
increasing energy at energies higher than 1.5keV in both
sources. One possibility is that the continuum variability at these
energy bands is diluted by the less variable reflection compo-
nent (from distant or nearby material). In this case, the contribu-
tion from the less variable reflection component should increase
steadily with increasing energy, but this possibility must be
examined in detail to investigate whether it can indeed explain
our results.

At energies below 1.5 keV, the PSD amplitude may decrease
(slightly) with decreasing energy in NGC 4051 (see the left panel
in Fig. 4). This could be due to the presence of a soft excess,
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which is believed to be less variable than the continuum X-ray
variability. However, the PSD amplitude continues to increase
with decreasing energy in the case of NGC4395. An extra soft
component (on top of the continuum PL-like spectrum) has been
identified by Kammoun et al. (2019) in this source. They mod-
elled it as emission from collisionally ionised diffuse gas, and
they argued that this is not the typical soft-excess component that
is detected in many other AGNSs. Irrespective of its origin, our
results indicate that this component cannot be dominant at low
energies in this source. If that were the case, we would expect the
PSD amplitude to decrease with decreasing energy, which is not
the case. Variable absorption could also explain the increase in
PSD amplitude at low frequencies in NGC 4395. This is because
absorption can decrease the observed mean at low energies and
can also increase the variance (if absorption variations operate
on timescales shorter than a day). This may be the case at ener-
gies below 0.8 keV, where the PSD amplitude appears to increase
even more than the extrapolation of the PSD amplitude versus
energy relation at higher energies. However, this is not a signifi-
cant effect.

If the decrease in PSD amplitude with increasing energy is a
property of the intrinsic variability mechanism, then it is prob-
ably not consistent with the fluctuating accretion rate model.
Figure 2 in Arévalo et al. (2006), for example, shows that the
PSD amplitude below the frequency break should be the same
in all energy bands. In fact, this figure shows that, if anything,
the PSD amplitude should be smaller in the soft band (contrary
to our results). Perhaps the decrease in the variability amplitude
could be the result of inverse Comptonisation, since the higher
number of scatterings for the higher energy photons should result
in a decrease in the variability amplitude with increasing energy.

An additional possibility could be the number of individual
sources that contribute to each energy band. As we argued in
the previous section, the flattening of the PSD with increasing
energy implies that there must be more than one X-ray emit-
ting source, with different temperatures. The number of scat-
terings that are necessary for a photon to reach a given energy
decreases with increasing temperature of the corona. Therefore,
if the photons that are emitted in the 5-10keV band are pre-
dominantly emitted by X-ray emitting regions with temperature
larger than the temperature of the region that mainly emits the
0.3-0.5 keV photons, then the PSD slope could be flatter in that
energy band. However, since inverse Comptonisation produces
broad-band spectra, the number of the high-temperature coro-
nae must be larger; hence, assuming simple Poisson statistics,
we would expect the PSD amplitude to decrease with increasing
energy.

Some studies have proposed models in which X-rays are
emitted by multiple ‘active’ regions. For example, Galeev et al.
(1979) proposed that X-rays in accreting objects are emit-
ted by hot plasma loop structures that emerge from the inner
disc. They did not consider variability, although Haardt et al.
(1994) studied the basic variability properties of their model.
Poutanen & Fabian (1999) proposed that X-rays could be pro-
duced in compact magnetic flares at small radii from the cen-
tral BH. Similarly, Merloni & Fabian (2001) proposed a model
in which magnetic flares shining above a standard accretion
disc produce X-rays via inverse Compton scattering of soft
photons (both intrinsic and reprocessed thermal emission from
the accretion disc and locally produced synchrotron radiation).
Ghisellini et al. (2004) proposed the idea of a ‘failed jet’ in
radio-quiet AGNs. According to their model, blobs of material
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may be ejected, reaching a maximum radial distance, and then
fall back, colliding with the blobs produced later and still mov-
ing outwards. These collisions dissipate the bulk kinetic energy
of the blobs by heating the plasma, and could be the regions
where X-rays are emitted from AGNs.

Most of these models do not consider in detail the evolu-
tion of the PSD with energy, although there are exceptions. For
example, the Poutanen & Fabian (1999) model predicts a sim-
ilar high-frequency PSD slope at low and high energies (see
their Fig. 2). Recently, Zhang et al. (2023) showed that a mul-
tiple of X-ray emitting sources (whose origin could be explained
by the Ghisellini et al. 2004 model) can predict time lags that
are similar to those observed in AGN, but they did not make
any predictions about the power spectrum properties of their
model. We plan to study the PSD predictions of this model
in the near future and investigate whether it can be consis-
tent with the energy dependence of the PSD parameters that
we report.

In summary, our study suggests that the dependence of the
main parameters of the X-ray power spectrum in AGN, namely
the PSD amplitude, high-frequency slope, and bending fre-
quency, on energy, is complex and not necessarily strictly in line
with the predictions of current models. This suggests that the
X-ray corona is likely a more complex object than is currently
thought. More studies are needed to determine the energy depen-
dence of the power spectra in more Seyfert galaxies to under-
stand the structure of the X-ray corona in these objects.
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Appendix A: Table of Observations

Table A.1. The XMM-Newton, Suzaku, and NuSTAR Observations

XMM Observations
NGC 4051 NGC 4395
Observation Obs. Start Duration  Observation Obs. Start Duration
ID (yyyy-mm-dd hh:mm:ss) (sec) ID (yyyy-mm-dd hh:mm:ss) (sec)
0109141401 2001-05-16 11:52:05 105000 0112521901 2002-05-31 00:38:06 8000
0157560101 2002-11-22 06:09:51 45000 0112522001 2002-06-12 18:17:26 8000
0606320101 2009-05-03 10:28:32 45000 0142830101 2003-11-30 03:17:55 96000
0606320201 2009-05-05 10:21:56 30000 0744010101 2014-12-28 10:07:16 48000
0606320301 2009-05-09 10:07:38 30000 0824610101 2018-12-13 06:16:19 80000
0606320401 2009-05-11 10:00:35 30000 0824610201 2018-12-19 05:51:22 24000
0606321301 2009-05-15 13:16:11 30000 0824610301 2018-12-31 05:11:45 48000
0606321401 2009-05-17 09:41:17 30000 0824610401 2019-01-02 05:03:24 96000
0606321501 2009-05-19 09:34:48 30000 0913600101 2022-12-10 08:10:57 24000
0606321601 2009-05-21 09:27:52 30000 0913600601 2022-12-19 07:38:49 24000
0606321701 2009-05-27 10:50:16 30000 0913600701 2022-12-22 15:29:42 16000
0606321801 2009-05-29 09:15:27 30000
0606321901 2009-06-02 11:04:29 30000
0606322001 2009-06-04 10:41:05 30000
0606322101 2009-06-08 08:40:24 30000
0606322201 2009-06-10 08:21:42 30000
0606322301 2009-06-16 08:29:06 30000
0830430201 2018-11-07 10:34:26 75000
0830430801 2018-11-09 09:48:58 75000
Suzaku Observations
NGC 4051 NGC 4395
Observation Obs. Start Duration  Observation Obs. Start Duration
ID (yyyy-mm-dd hh:mm:ss) (sec) ID (yyyy-mm-dd hh:mm:ss) (sec)
700004010 2005-11-10 19:14:14 223300 702001010 2007-06-02 14:30:03 232000
703023010 2008-11-06 07:39:03 495900
700004020 2008-11-23 16:48:00 162400
NuSTAR Observations
NGC 4051 NGC 4395
Observation Obs. Start Duration  Observation Obs. Start Duration
ID (yyyy-mm-dd hh:mm:ss) (sec) ID (yyyy-mm-dd hh:mm:ss) (sec)
60001050002 2013-06-17 16:41:05 17400 60061322002 2013-05-10 02:31:03 40600
60001050003 2013-06-17 21:21:10 87000 60802027002 2022-12-10 13:46:08 95700
60001050006 2013-10-09 20:01:06 95700 60802027004 2022-12-14 11:01:06 89900
60001050008 2013-10-09 20:01:06 104400 60802027006 2022-12-18 21:06:12 98600
60401009002 2018-11-04 12:56:10 611900 60802027008 2022-12-22 10:26:07 98600
60802027010 2022-12-26 10:56:12 98600
60802027012 2022-12-30 09:46:13 107300
91001640002 2024-11-08 08:06:09 153700

Notes. Table of the XMM-Newton, Suzaku, and NuSTAR observations we used. In the third column we list the duration of the final light curves we
used to compute the power spectrum.
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