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Abstract

We present an optical variability analysis and comparison of the samples of Seyfert 1 (Syl) and Seyfert 2 (Sy2)
galaxies, selected from the Swift 9 month BAT catalog, using the light curves from Transiting Exoplanet Survey
Satellite (TESS) and All-Sky Automated Survey for SuperNovae (ASAS-SN). We measured the normalized excess
variance of TESS and ASAS-SN light curves for each target and performed a Kolmogorov—Smirnov test between
the two samples, where our results showed significant differences. This is consistent with predictions from the
unification model, where Seyfert 2s are obscured by the larger scale dust torus and their variability is suppressed.
This variability difference is independent of the luminosity, Eddington ratio, or black hole mass, further supporting
geometrical unification models. We searched the dependence of the normalized excess variance of Syls on absolute
magnitudes, Eddington ratio, and black hole mass, where our results are consistent with relations found in the
literature. Finally, a small subsample of changing-look (CL) active galactic nuclei (AGN5s) that transitioned during
the time frame of the ASAS-SN light curves, with their variability amplitudes changing according to the
classification, have larger variability as type 1s and smaller as 2s. The change of variability amplitudes can be used
to better pinpoint when the type transition occurred. The consistency trend of the variability amplitude differences
between Syls and Sy2s and between CL AGNs in 1 or 2 stages suggests that variability can be a key factor in
shedding light on the CL AGN or the dichotomy between Syl or Sy2 populations.
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1. Introduction

Active galactic nuclei (AGNs) are luminous sources in our
Universe powered by the accretion of material onto a central
supermassive black hole. The unification model (R. Antonu-
cci 1993; C. M. Urry & P. Padovani 1995) was proposed to
classify those AGNs where the model consists of a broad line
region around the disk, a dusty torus, a much larger narrow-
line region, and a relativistic jet. The viewing angle of the
AGN will determine the type classification. Type 1s have a
clear view of the central engine, and thus their optical spectra
show both broad and narrow emission lines. Type 2s have an
obscured view of the central black hole due to the torus,
exhibiting only narrow emission lines in their spectra. There
are also subclasses of AGNs (i.e., quasar, Seyfert, and blazar)
with Seyferts being less luminous than quasars and blazars
showing evidence of a relativistic jet toward the observer.
Within the Seyfert 1 (Sy1) and Seyfert 2 (Sy2) classifications,
there are further subclasses: the intermediate types. Types 1.2,
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1.5, and 1.8 refer to the relative strength of the broad HJ
component, the strength of the broad component decreases as
the type classification increases. A type 1.9 has no broad HG
component but does have a broad Ha component. Recently,
some Seyferts are found to transition between AGN subtypes
as changing-look (CL) AGNs.

A key feature of AGNs is their variability across all
wavelength bands. A number of studies have been carried out
on the variability of type 1 AGNSs, but few studies have focused
on the variability of type 2 AGNs. In the X-ray band, type 1 and
type 2 AGNs have been found to vary in both the short
timescale (hours) and long timescale (years) from examining
light curves detected with XMM-Newton (S. Mateos et al.
2007). From an optical broad-band monitoring campaign of 35
Seyfert galaxies including both type 1s and type 2s, H. Winkler
et al. (1992) noticed that most galaxies in their sample were
variable. However, the optical emission lines of type 2s
generally have a near-negligible variability, as seen in
C. W. Yip et al. (2009), further explaining that the host galaxy
is dominating the optical continuum flux. P. Sanchez et al.
(2017) found that observing at longer wavelengths from the
optical to the near-infrared (NIR) decreased the fraction of
variable type 1 and type 2 AGNs, suggesting that reprocessed
emission from the dusty torus can be seen in the NIR and
damped variability can be detected. Other studies of type 2
variability include Y. Choi et al. (2014), who found that two out
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of six of their type 2s showed non-negligible variability on long
timescales from examining Sloan Digital Sky Survey (SDSS)
data, and R. Cartier et al. (2015), who examined a small sample
of data from the QUEST-La Silla AGN variability survey and
classified 21% of their narrow-line sample as variable. Many
mechanisms have been proposed to explain this variability,
including thermal fluctuations (B. C. Kelly et al. 2009),
accretion disk instabilities (T. Kawaguchi et al. 1998; D. Trev-
ese & F. Vagnetti 2002), and supernova explosions in host
galaxies or accretion disk (I. Aretxaga et al. 1997).

In recent years, a new phenomenon has been reported: the
CL AGN. A CL AGN can be observed in the X-ray when the
X-ray absorption changes from Compton-thick to Compton-
thin (G. Matt et al. 2003), or vice-versa, and in optical
spectroscopy where the AGN changes from a type 1
classification to a type 2, or vice-versa. A CL AGN can also
transit from one subtype to another in the case of blazars
(H. D. Mishra et al. 2021). In the optical, this has been
reported in Seyferts (J. E. Tohline & D. E. Osterbrock 1976;
K. D. Denney et al. 2014) and quasars (S. M. LaMassa et al.
2015). This is a relatively new field of AGN research and the
driving mechanism for this phenomenon is under debate,
mainly between drastic variations to the accretion rate
(D. Stern et al. 2018) and variable obscuration (M. Elit-
zur 2012), among other proposed ideas, such as tidal
disruption events (A. Merloni et al. 2015).

In this paper, we examine and compare the variability
between Syls and Sy2s using two different data sets in an effort
to establish a clear distinction in their variability levels and
apply this result to the optical light curves of CL AGNs. In
Section 2, we discuss the parent sample for our study and
introduce the Transiting Exoplanet Survey Satellite (TESS) and
All-Sky Automated Survey for SuperNovae (ASAS-SN) data
and light-curve extraction process. In Section 3, we present our
method for comparing the variability using the normalized
excess variance. In Section 4, we present how the variability of
Syls compares to Sy2s and show how the variability is
dependent on the absolute magnitude, black hole mass, and
Eddington ratio. We also highlight an interesting Sy2 that
exhibited above normal variability, and finally use the results of
our comparison to constrain the transition time for the few CL
AGN:s in our sample. In Section 5, we summarize our results.
Throughout the paper we assume cosmological parameters of
Hy=72kms 'Mpc™', ©,,=0.3, and Q, =0.7.

2. Sample Selection, Data, and Calibrations
2.1. Swift-BAT 9 Month Survey

We focus our study on the sample of AGNs from the first
9 months of the hard X-ray all-sky survey (J. Tueller et al.
2008) using the Burst Alert Telescope (BAT; S. D. Barthelmy
et al. 2005) on the Neil Gehrels Swift Observatory (N. Gehrels
et al. 2004). This catalog contains mostly bright AGNs, which
match well with the optical survey characteristics of ASAS-SN
and TESS, such that well sampled and high signal-to-noise
ratio light curves are available for almost all of the sources.
Later BAT AGN catalogs (e.g., K. Oh et al. 2018) contain
fainter sources, which we will explore in future studies. The
first 9 month catalog contains AGNs with the classification of
blazar, BL Lac, galaxy, low-ionization nuclear emission-line
region (LINER), Syl, Sy2, and intermediate Seyfert types. For
our sample we have excluded seven blazars, 10 BL Lacs, six
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galaxies, and one LINER from the BAT catalog, focusing our
analysis sample on the Syl, 2, and intermediate types. The
final selected sample contains 108 AGNs divided into 55 Syls
and 53 Sy2s, making the sample ideal to compare their
variability characteristics. We further grouped Syl, 1.2, and
1.5 as unobscured AGNs and Syl1.8, 1.9, and 2 sources as
obscured AGNs in accordance to the strength or lack of a
broad H3 component (D. E. Osterbrock 1981).

It is important to identify jetted AGNs when analyzing the
optical variability of the sample since the relativistic jet provides
an additional source of variability. We have already excluded
blazars in the sample selection, and we further identify jetted
AGNs by their radio-loudness Fs gy,/Fp > 10 (M. Chiaberge &
A. Marconi 2011), where Fp is their B-band flux and their radio
fluxes were taken from the NASA/IPAC Extragalactic Database
(NED).” We identified seven out of 55 Syls and 11 out of 53
Sy2s to be radio loud. A follow-up literature review was
conducted to confirm that the sources meeting the criteria to
be radio loud do in fact have a radio jet and radio quiets
have no indication of a jet. We have also identified two
narrow-line Syls in the process, Mrk 110 and IGR J21277
45656 (J. P. Halpern 2006; M. P. Véron-Cetty & P. Véron
2006), which satisfy the criteria of having a FWHM(H;) <
2000kms~' and a flux ratio of [OHIA5007/Hs< 3
(D. E. Osterbrock & R. W. Pogge 1985; R. W. Goodr-
ich 1989). These have been excluded due to Mrk 110
displaying a higher-than-average variability.

2.2. ASAS-SN and TESS Light Curves

Data for our sample was obtained from the TESS and
ASAS-SN. TESS is an all-sky survey and its main goal of the
2 yr primary and subsequent extended missions was to identify
transiting exoplanets around M dwarf stars (E. A. Gilbert et al.
2020). However, the precision and high cadence capabilities of
TESS make it a useful tool for studying the variability of
AGNs on a shorter timescale (H. P. Treiber et al. 2023; H. Yuk
et al. 2023). We used full-frame images (FFIs) for our sample
of AGNs in both the TESS primary mission (sectors 1-26) and
its first extended mission (sectors 27-55). Each sector
comprises two cycles each with approximately 13 days for a
total light-curve length of approximately 27 days. The FFIs
were taken every 30 minutes in its primary mission and taken
every 10 minutes in the first extended mission.

The process used to extract the TESS light curves is described
in P. J. Vallely et al. (2021), where the authors developed an
automated image subtraction pipeline. This pipeline utilizes four
subtraction methods: the basic ISIS subtraction, median
filtering, Gaussian smearing, and both the Gaussian smearing
and filtering. The median filtering method incorporates a
background filtering that uses one-dimensional median filters
that are applied along each axis of the CCD, following the initial
ISIS subtraction. This process helps alleviate the issue of CCD
strap artifacts found in many TESS observations. Based on
visual inspection for systematical effects, the light curves
produced from median filtering are the most appropriate to use
in our case for further analysis. For light curves that exhibited
potential systematical effects, the light curves of the nearby
pixels were examined to determine the origin of the anomalies.
One such origin is from nearby variable stars, since H. P. Treiber

® The NED website is available at hitps://catcopy.ipac.caltech.edu/dois/
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Figure 1. Left panel: ASAS-SN light curve of the Syl Ark 120 showing the flux in both V-band and g-band (the V and g light curves are normalized) as an example.
The visual variability of the type 1 can be seen in the ASAS-SN light curve by stochastic variations. The red dotted lines indicate the time frame the TESS light curve
takes place. Right panel: TESS light curve showing this stochastic variability on a shorter timescale.
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Figure 2. Left panel: ASAS-SN light curve showing the flux in both V-band and g-band (the V and g light curves are normalized) of the Sy2 NGC 3081 as an
example. The red dotted lines indicate the time frame the TESS light curve takes place. Visually, the type 2 has little variability beyond the noise in the ASAS-SN
light curve. Right panel: TESS light curve of the Sy2 NGC 3081. The type 2 light curves exhibit smaller amplitudes of variability.

et al. (2023) flagged more than 30% of their TESS light curves
as being contaminated by nearby variable stars. However, due to
the brightness difference between the first 9 months sample of
the BAT catalog (V < 16) used in this paper compared to
H. P. Treiber et al.'s (2023) sample (I < 20), the variable star
contamination had a much smaller effect affecting 3% of our
sources. We determined three sources that were contaminated
by variable stars, and these sources were removed from our final
sample for analysis. Examples of these light curves for both a
typical Syl and Sy2 can be seen in the right panels of Figures 1
and 2. The FFIs used in this work were obtained from the
Mikulski Archive for Space Telescopes (MAST)."”

ASAS-SN, in contrast, is a suite of telescopes that has been
observing the entire visible sky every night since 2017. The
primary goal of ASAS-SN is to carry out a survey for bright
transients (B. J. Shappee et al. 2014; C. S. Kochanek et al.
2017). Although ASAS-SN has been operating since 2012, it
originally had two mounts that used the V-band filter and in
2017 was upgraded to five mounts. Of these five mounts, three
of them used the g-band filter while the original two still used
the V-band filter. Then, in 2018, the original two mounts were
changed to the g-band filter (H. Yuk et al. 2022), resulting in
an approximate 400 days overlap of V-band and g-band in the
ASAS-SN light curves where we can normalize the V and g-
band light curves. The ASAS-SN light curves are generated
from a variant of the image subtraction method and are
calibrated against the ensemble of stars in the observing fields
(T. Jayasinghe et al. 2018, 2019). Examples of these light
curves for a Syl and Sy2 can be seen in the left panel of
Figures 1 and 2 with V-band spanning roughly 1500 days and
g-band spanning roughly 2050 days for a total light curve
length of approximately 3250 days. The vertical red dotted
lines indicate the time frame when the TESS light curve took
place for that same source. With this, we are able to use

10 The MAST website is at 10.17909/0cp4-2{79.

ASAS-SN light curves to calibrate the flux of our TESS light
curves. Having the long timescale ASAS-SN data is useful for
comparing the results of the short timescale TESS data.

3. Analysis: Normalized Excess Variance

We used the normalized excess variance, the noise removed
variance normalized by the mean squared of the source, to
measure the variability of the sample. This is a commonly used
metric to measure the intrinsic variability amplitude of the
source (S. Vaughan et al. 2003; B. Schleicher et al. 2019). We
chose to use the flux units when calculating the normalized
excess variance for this sample via Equation (1) and performed
the calculations for the ASAS-SN and TESS data sets
separately, where S> represents the variance, o, the
uncertainty of the light curve, and (x) the mean of the light
curve,

Onxs = : (0

The error in the normalized excess variance, which only
accounts for the errors on the flux measurements, is

(7Y ( [k 26|
s (G VR e

where N is the number of data points and F,,, is the fractional

variability,
E/ar =y U%xs . (3)

The normalized excess variance was calculated using the
combined, normalized V- and g-band light curves of the
ASAS-SN data set. Although the g-band filter is slightly bluer
than the V-band, which can be subject to color-dependent
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variability when combining their light curves, the two bands
are very close compared to the broad UV-optical-IR emission
of the accretion disk. We calculated the normalized excess
variance of the more variable Syls and the less variable Sy2s
in the V and g bands separately and compared their differences.
We find the differences can be modeled by Gaussian
distributions peaking close to zero (Figure 3). This suggests
that there is minimal detectable color-dependent variability
and both V- and g-band light curves are realizations of
approximately the same random process. We choose to present
the analysis based on the combined V- and g-band light curves
to increase the signal-to-noise ratios of the analysis and to give
a simplified presentation of the analysis results.

It was evident in our analysis that the uncertainty for the
ASAS-SN data was underestimated. This was corrected by
utilizing the power spectral density of the light curve, which
provides a more accurate measurement of the white noise
contribution. The process involved measuring the total power
of the light curve and the integral of the white noise constant
that was produced by the Lomb-Scargle periodogram, taking
the ratio of them, and adjusting the noise term in the
normalized excess variance (Equation (1)). The normalized
excess variance obtained by this calculation has taken into
account the white noise contribution in the light curves. We
defer the detailed analysis of the power spectra or structure
functions of the sample to a subsequent paper.

We found further measurement biases in the normalized
excess variance by examining the median apparent magnitude
for the ASAS-SN and TESS light curves where we observed
an increase in o2, measurements going toward fainter Sy2s.
This is unexpected since the apparent magnitude is an arbitrary
property, and therefore it is highly unlikely that this trend
should exist, and we attribute this anomaly as an additional
measurement bias of underestimating the flux uncertainties as
the source apparent magnitudes are fainter. A correction is
applied by compensating the flux uncertainties for all sources

such that there is no dependence of o2, values with the
apparent magnitudes of Sy2s.

The majority of ASAS-SN light curves are roughly evenly
sampled, with gaps being due to seasonal gaps. We use
Equation (11) presented in V. Allevato et al. (2013) to correct
for these seasonal gaps. However, with a PSD slope of f=1
(H. Yuk et al. 2023), no bias correction was necessary, with a
correction factor of 1. The TESS light curves have roughly a
one day cycle gap (a small amount of TESS light curves have
nonevenly sampled gaps), again using Equation (11) from
V. Allevato et al. (2013) to correct for this cycle gap. With a
PSD slope of =2 (H. Yuk et al. 2023), a bias correction was
applied.

4. Results

4.1. Dependence on Absolute Magnitude, Eddington Ratio,
and Black Hole Mass

To investigate and compare the variability of Syls and Sy2s,
the relationship between the normalized excess variance and
absolute magnitude was analyzed. The absolute magnitude of
the sources was calculated using their published redshifts and
mean ASAS-SN magnitudes of the sources, correcting for
Galactic extinction and applying the k-correction. The
k-correction was calculated using the V-band AGN template
found in R. J. Assef et al. (2010). The Galactic extinction for
each source was taken from NED with the bandpass chosen as
CTIO V. The results are presented in Figure 4. The difference
in the o2, between the TESS and ASAS-SN data is a
reflection of the lengths of the corresponding light curve.

We binned o2 values for nonjetted type 1s with a
magnitude brighter than —21 V for the TESS and ASAS-SN
data in Figure 5, overplotted with relations in the literature
scaled to our data sets. Each bin consists of six nonjetted type
Is where the mean U%XS of each bin is shown and the
uncertainty was estimated using the standard error of the mean.
The number of sources decreases significantly below V = —21,
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suggesting the incompleteness of the sample from the parent 9
month BAT sample, and this limit corresponds to an apparent
magnitude of V= 14.5, which is well below the survey limits
of ASAS-SN and TESS. C. L. MacLeod et al. (2010) studied
the trends between SF,, and luminosity, redshift, and black
hole mass for a sample of quasars, reporting an anticorrelation
between SF,, and the luminosity. A rescaling factor was
applied to the relation, based on Equation 4 in C. L. MacLeod
et al. (2010), for TESS the case when At < 7 and for ASAS-
SN the case when At >> 7, where 7 is the characteristic
timescale and Ar is the length of the light curve. The
difference in rescaling the relation for the case of the TESS
and ASAS-SN data sets is a consequence of the lengths of the
corresponding light curves. A conversion from variability in
magnitude units to flux units was also applied. This relation is
in excellent agreement with our measurements in this paper,
especially for the accurately measured TESS data; for the
larger scatter ASAS-SN measurements, the relation predicts
lower o2, values at the luminous end. Comparing with other
relations found in the literature, for example, H. T. Wang et al.
(2022) looked at how the log of the variability amplitude
relates to the absolute magnitude in various bands for narrow-
line Syls and found a weak anticorrelation, their relation
predicts lower o2, values at both the less luminous and
luminous end compared to our TESS and ASAS-SN
measurements.

Although our sample size is small, we nonetheless
performed a correlation test on the absolute magnitude
measurements resulting in a nonstatistically significant antic-
orrelation between the absolute magnitude and the o2, for the
TESS and ASAS-SN data sets. Overall, our measurements are
consistent with previously established relation of (C. L. MacL-
eod et al. 2010); however, our small sample size does not
allow independent confirmation of the anticorrelation between
o2 and luminosity due to the large intrinsic scatter of the
relation.

We further examined the dependence of o2 with the

Eddington ratio and black hole mass. The black hole masses
used for calculating the Eddington luminosity for our sample
were taken from the BASS project data release 2 (M. J. Koss
et al. 2022). The V-band luminosity of our sample calculated
above (Figure 4) was used in the calculation of the Eddington
ratio. With the Eddington ratio being related to the accretion
rate, it is suggested that this is the driver behind AGN
variability (C. L. MacLeod et al. 2010). Performing another
correlation test on the black hole mass measurements and
Eddington ratio measurements resulted in a nonstatistically
significant correlation between the black hole mass and an
anticorrelation between o2, and the Eddington ratio for the
type 1s in the TESS data set. For the ASAS-SN data set, there
is a nonstatistically significant correlation between the black
hole mass and an anticorrelation between o2, and the
Eddington ratio. The dependence of the Eddington ratio and
o2 . is seen in Figure 6. After binning the Eddington ratio
(Figure 7) and fitting the type 1s with a power law produced a
slope of —0.20 £ 0.15 for TESS and 0.00 £ 0.16 for ASAS-
SN. The TESS relation shows an anticorrelation compared to
the ASAS-SN. The dependence of the black hole mass on
o2 is seen in Figure 8. After binning, the data revealed a
correlation between the black hole mass and o2, (Figure 9).
We fit a power law with a slope of 3.9 + 3.8 for the TESS
data and a slope of 4.3 & 3.3 for the ASAS-SN data, which is
consistent with results found in C. L. MacLeod et al. (2010).

We calculated the average values for o2, for Syl and Sy2
populations. Using the ASAS-SN data set, the averages are
(3.04 £ 0.14) x 107> and (4.5 +4.7) x 107 respectively, and
using the TESS data set the average o2, are
(5.10£0.63) x 107* and (2.6 £6.3) x 107>, respectively.
The means of Syl sample of either the ASAS-SN or TESS
data are significantly higher than the mean values of Sy2s. We
treated any source that produced a negative o2, as having zero

nxs
variability. This can lead to biases when analyzing the binned
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or averaged data. Only a few Syls have negative o

2
nxs

values,

and they are all close to zero. We have tested that treating them
as negative values has a minimal effect in our binned analysis
of Syl variability relations in this section. For the Sy2
population, 35% of the sample exhibits a negative variability.

Inclusion of these negative values changes the result of the
average o2, for both the TESS and ASAS-SN data sets. For
TESS, the average is decreased to (1.8 £ 6.3) x 1073 and for
ASAS-SN the average decreases to a negative value of
(-34+£18) x 107*
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4.2. Kolmogorov—Smirnov Test

To evaluate the difference in the distribution of the variability
between the nonjetted type 1 and type 2 AGNs a two-sample
Kolmogorov—Smirnov (KS) test was performed. The KS test
was first performed on the TESS and ASAS-SN data sets
separately, yielding p-values of 2.4 x 1077 and 1.4 x 107'2,
respectively, suggesting that Syls and Sy2s exhibit significantly
different variability amplitudes. Figure 10 shows the cumulative
distributions of o2 values for the type 1 and 2 samples using
ASAS-SN and TESS data, where the distributions can be
visually distinguished. We further test the variability difference
between type 1s and type 2s by separating the total sample into
two bins by either the absolute magnitude, Eddington ratio, or
black hole mass. The KS tests were performed on the variability
of Syls and Sy2s in each bin for the TESS and ASAS-SN data
sets separately. Results of these tests range in p-values from
0.04 to 1.3 x 10 for TESS and 6.5 x 10~ *t0 3.0 x 10~ ' for
ASAS-SN, with median values of 6 x 10~* and 3.3 x 107>
respectively. These results show that the variability difference
between type ls and 2s is always significant, regardless of the
AGN parameters in consideration, such as the luminosity,
Eddington ratio, or black hole mass.

This is consistent with the results seen in E. Lopez-Navas
et al. (2023) comparing the variability of weak Syls and 2s,
classifying a weak type 1 as having broad lines detected at a
lower significance (<50) than required for the SDSS pipeline,
who reported that there is a distinction in the variability
between even weak Syls and 2s based on the KS test and
claiming that the variance of the type 2s are smaller by about
an order of magnitude than the type Is.

Other KS tests were performed. This includes on the jetted
and nonjetted type 1s in the TESS and ASAS-SN data sets and
the jetted and nonjetted type 2s in the TESS and ASAS-SN
data sets, yielding p-values of 0.64, 0.17, 4.75 X 10_5, and
1.19 x 1077, respectively. These KS test results are limited by
the number of jetted AGNs in our sample, such that the
distribution of variability amplitude between jetted and
nonjetted AGNs is not significant. However, type 2 jetted
and nonjetted AGNs are distinguished.

4.3. Seyfert 2s with Non-negligible Short Timescale Variability

The majority of the Sy2s in this sample have a negligible or
near-negligible variability, which is consistent with predictions

from the unification model (R. Antonucci 1993; C. M. Urry &
P. Padovani 1995). In another work, C. W. Yip et al. (2009)
found no evidence of spectral variability for type 2s in the
SDSS. Among the nonjetted Sy2s, a fraction of them have
significantly detected o2, above zero value, and their
variability is manifested in the very long timescale spanning
multiple years. Some of the Sy2s in our sample that do show
relatively large o2, are classified as radio-loud sources,
making their variability most likely the result of the jet and not
the accretion disk itself.

The few that are classified as radio quiet and also show
small variations are of interest to further examination. One
type 2 with non-negligible variability is MGC+-04-48-002,
which is part of the dual AGN system SWIFT J2028.5+4-2543
that also includes the Sy2 NGC 6921 (M. J. Koss et al. 2016),
separated by 25.3 kpc (91”). However, with the resolution of
both TESS and ASAS-SN, we are able to resolve the two
AGN:s, and therefore the light curve presented is that for MGC
+04-48-002. We can see that in the TESS and ASAS-SN light
curves in Figure 11 there is variability in both light curves. In
the ASAS-SN light curve, we can see a nonstochastic
variability in the form of a flare in the middle of the light
curve. An archival search of the radio properties of this source
was conducted, which showed no evidence of the AGN having
a radio jet, ruling that out as a potential cause of the flare.
M. Stritzinger et al. (2018) reported a supernova in the host
galaxy at the flare time, which would explain the variability
seen. With the flare being the result of a supernova it was
filtered out of the light curve and the normalized excess
variance was recalculated. However, examining the TESS light
curve that is after the supernova, we still see short timescale
variability different from that of a normal Sy2, making this
source interesting for further follow-up.

4.4. Changing-look AGNs

The Swift-BAT sample contains several well studied and
previously identified CL AGNs. These include NGC 4151,
3C390, Fairall 9, Mrk 590, NGC 2992, Mrk 1018, NGC 3516,
NGC 7582, NGC 526A, (M. V. Penston & E. Perez 1984,
W. Wamsteker et al. 1985; R. D. Cohen et al. 1986;
Y. F. Malkov et al. 1997; R. Gilli et al. 2000; K. D. Denney
et al. 2014; A. I. Shapovalova et al. 2019), and a new “turn
off” event in the CLL. AGN NGC 1365 (M. J. Temple et al.
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2023). These CL AGNs account for eight out of the 55 Syls
and four out of 53 Sy2s in our sample. A few of these CL
events took place during the time frame of the ASAS-SN light
curves. For those CL AGNs, we can study the light curve
characteristics alongside the transitions reported in the
literature.

4.4.1. NGC 1365

NGC 1365 has a history of transitioning types multiple
times. H. Schulz et al. (1999) reports in 1999 a broad HS
component that has a ratio of broad/narrow close to that
reported in an earlier paper for Ha, suggesting that in 1999
NGC 1365 had a broad HS and Ha, classifying it a Syl.
However, a 2009 January spectrum taken by M. L. Trippe
et al. (2010) shows little to no evidence of a broad Ha and
reports a narrow Hp, classifying it as a type 1.9, signifying that
the AGN transitioned from a Syl to a Sy2 from 1999 to 2009.
We can see this transition in the Catalina Real-Time Transient
Survey (CRTS) light curve (A. J. Drake et al. 2009) presented
in the left panel of Figure 12, where the first part of the light
curve is more variable and then dips and flattens out. Spectra
taken in 2013 December show broad Balmer lines, meaning
that the source transitioned back to a type 1 (M. J. Temple
et al. 2023). The source was reobserved in 2021 December
with Magellan MagE and M. J. Temple et al. (2023) reported
finding only narrow H3 and Ha, stating that this is a new CL
event for NGC 1365 where it has transitioned back to a Sy2.
This transition can be visually observed in the ASAS-SN light
curve in Figure 12 (right). The initial part of the light curve is
visually more variable, suggesting a type 1 classification.
However, the latter part of the light curve can be seen as
showing less variability, making it that of a type 2.

We can estimate the type transition time by moving the
transition boundary in the window between the two spectro-
scopic observations that signify a type transition, such that the

variability difference before and after the boundary is
maximized. Although this estimation from the light curve is
associated with uncertainties, it can better constrain this
transition time compared to more sparsely separated spectro-
scopic observations.

4.4.2. Mrk 590

The CL AGN Mrk 590 has been studied thoroughly and it
was the object of a more than 40 yr multiwavelength study in
K. D. Denney et al. (2014). This study shows that Mrk 590
transitioned from a typical Syl to a Sy2. This is seen in the
brightening of the Hf reaching its peak in 1989 and then
dimming to being completely gone by 2006. There is also no
broad HG line in 2013 February, 2013 December, and 2014
January. MUSE observations taken in 2017 October and
November (S. I. Raimundo et al. 2019) show the reappearance
of both the broad HG and a broad Ha line, meaning that the
AGN transitioned back from a type 2 to a type 1 between 2014
January and 2017 October. In Figure 13, we see that the first
half of the ASAS-SN light curve for Mrk 590 resembles that of
a type 2, while the second half is more variable, similar to that
of a type 1. This change in the variability of the light curve
takes place in roughly 2017 June. Lining up with the timeline
based on spectral observations, this is most likely when the
AGN transitioned from a type 2 to type 1. We also include the
CRTS light curve (A. J. Drake et al. 2009) in the left panel of
Figure 13 to confirm that it resembles that of a Sy2 as
previously reported.

4.4.3. NGC 3516

NGC 3516 has undergone a long-term optical spectral
monitoring campaign, as presented in A. I. Shapovalova
et al. (2019), where it was shown to transition from a Syl to a
Sy2. In spectral observations that were taken in this study in
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2007, NGC 3516 presented prominent broad Balmer lines,
specifically Ha and Hp, classifying it as a typical Syl.
However, in the 2014 spectra, no broad lines were present and
only a narrow Ha is seen, making the new classification a Sy2.
This means that at the start of our ASAS-SN light curve, the
AGN was a type 2, visually in the first part of the light curve
there is not a lot of variability. While examining the later part
of the light curve, we see increased variability with multiple
peaks starting in 2019. In C. L. Popovi¢ et al. (2023), a
companion paper to A. I. Shapovalova et al. (2019), very weak
broad Ha and HB were detected in their 2017-2020 spectra
and the intensity of the H{ line is increasing, as seen in their
2021 spectra. The emergence of the broad Balmer lines would
explain the change and gradual increase in the variability seen
in the later part of the light curve, resembling that of a type 1.
Based on the change in the light curve, this transition back to a
type 1 can be seen and better pinpointed as the dashed red line
in Figure 14.

We compiled the normalized excess variance from before
and after the AGN changed types and display the results in
Figure 15. The uncertainties indicate the range of the
differences between the normalized excess variance in the
window between the spectroscopic observations, which are
much larger than the uncertainties of the normalized excess
variance difference at the estimated transition boundary. Here
again, it is shown that when the AGN was/is a type 2 it
displayed lower variability than when it was/is classified as a
type 1. This result does not depend on the exact estimated
transition time, but applies to any transition boundary in the
transition window between the two spectroscopic observa-
tions. This change of variability can potentially be a viable

3.5%x107%{ @ Seytert1stage s
@ Seyfert 2 stage
Difference

25x10%

NGC 3516 NGC 1365 Mrk 590

Figure 15. Top panel: The range of variability resulting from moving the
transition line between the spectroscopic observation window. The data points
are calculated at the estimated transition boundary, which gives the maximum
02, difference and the uncertainties represent the range of o2 values
calculated in the transition window. The variability when the CL AGN is in a
type 1 stage is always larger than when it is in a type 2 stage. Bottom panel:
The difference of the o2, at the estimate transition time.

option for determining CL candidates, which can also be seen
in the works by Q. Yang et al. (2018).

5. Discussion and Conclusions

We analyzed the ASAS-SN and TESS light curves for a
sample of Syls and Sy2s from the Swift-BAT 9 month survey.
In our analysis, we compared the long-term (ASAS-SN) and
short-term (TESS) variability of the two types of AGNs in an
effort to determine a clear distinction in the variability between
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the two types. We measured the variability by the normalized
excess variance and constrained how their variability compares
with their luminosity, Eddington ratio, and black hole mass.
For the absolute magnitude, we found that for the brighter type
Is (<—21) there is a weak anticorrelation between the
variability and luminosity for the TESS measurements and
the ASAS-SN measurements. This matches previous works
done by C. L. MacLeod et al. (2010) and H. T. Wang et al.
(2022). We also examined how the Eddington ratio and black
hole mass depend on the normalized excess variance, showing
an anticorrelation with the Eddington ratio and a correlation
with the black hole mass, which is again consistent with results
from C. L. MacLeod et al. (2010). AGN variability has been
extensively studied in both the optical and X-ray bands, which
probe the accretion disk and corona components of the central
engine. Although the disk and corona are related by the inverse
Compton scattering and reprocessing processes, where the UV
seed photons are up-scattered by energetic electrons in the
corona to produce the X-ray emission and X-rays are
irradiating the disk during reprocessing and propagating
X-ray variability to the optical band, the connection between
optical and X-ray variability is not simple. Both the X-ray and
optical PSD breaks were found to correlate with black hole
mass (e.g., B. C. Kelly et al. 2009; C. L. MacLeod et al. 2010;
0. Gonzélez-Martin & S. Vaughan 2012; O. Gonzélez-Mar-
tin 2018; C. J. Burke et al. 2021), but the breaks are at
significantly different timescales (10 °~10"*day ' for optical
and 10°-10% day ' for X-ray) and they scale with the black
hole mass with different slopes—about —2.5 for optical
(C. J. Burke et al. 2021), but about —1.0 for X-ray (O. Gonz-
dlez-Martin & S. Vaughan 2012) for the black hole mass to
break frequency relation. H. Yuk et al. (2023) found a new set
of high-frequency optical breaks at 10 °~10' day ' frequen-
cies, which better correlates with the X-ray breaks, supporting
an overall underlying physical link between optical and X-ray
variability, further corroborated by the continuum reverbera-
tion mapping studies (R. Edelson et al. 2015; I. M. McHardy
et al. 2018). Comparing the variability amplitude scaling
relations, as described by the relation between the normalized
excess variance and other AGN parameters, between optical
and X-ray bands, the optical correlations have weaker
dependences on other AGN parameters, i.e., the Eddington
ratio or black hole mass. The optical correlations being
—0.23 £ 0.03 and 0.11 +£ 0.02, respectively (C. L. MacLeod
et al. 2010), in contrast to the X-ray correlations 1.11 £ 0.13
and —0.91 £ 0.09 (G. Ponti et al. 2012), respectively. The
optical correlation with luminosity presented in this paper is
negative, which is consistent with the trend in the X-ray band.
However, the optical correlation with black hole mass is
positive and with Eddington ratio negative in contrast to the
measurements in the X-ray band, where there exists an
anticorrelation between the variability and black hole mass and
potential positive correlation with Eddington ratio (G. Ponti
et al. 2012; A. Akylas et al. 2022). It is interesting to note that
L o« AMpgy, where X is the Eddington ratio. Both the optical
and X-ray correlations with Eddington ratios are weak and can
be argued as not significant. The energy bands presented in the
X-ray analysis of A. Akylas et al. (2022) are the 3—10 keV and
1020 keV bands, with an average duration for the NuSTAR
observations of approximately 80ks. In contrast, the optical
timescales of the ASAS-SN and TESS light curves span
roughly 10 yr and 27 days, respectively, at longer timescales
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compared to those X-ray studies. It would be beneficial to
constrain these relations on longer timescales in the X-ray
band and even shorter timescales in the optical band for a
complete picture of AGN variability amplitude dependency on
AGN parameters. The combined optical and X-ray results
present a complex picture of AGN variability, which will
provide constraints and challenges to AGN theoretical models.

A KS test on the nonjetted type 1 and type 2s revealed that
type 1s are more variable in both the short and long timescales.
This was compared to other studies that showed similar results
(E. Lopez-Navas et al. 2023). The Sy1 population also show a
much higher mean normalized excess variance value than
Sy2s. Based on the AGN unification model, the difference
between the Syls and 2s is due to the presence of a torus in the
observer’s line of sight. Thus, this variability difference
between the Syl and Sy2 populations could be interpreted
under the unification scheme as scattering from the large-scale
dusty torus region suppressing the Sy2 variability. X-ray data
also support this, I. E. Papadakis & V. Binas-Valavanis (2024)
reported when using 14-195keV band light curves that the
PSD’s of Syls and Sy2s are identical, again in agreement with
the unification model, due to the ability of hard X-rays to
pierce through the dusty torus and retain the variability
of Sy2s.

We found when further testing the variability difference
between type 1 and 2s in luminosity, Eddington ratio, and
black hole mass subsamples that the variabilities of type 1s are
always significantly larger than that of type 2s, regardless of
the detailed AGN parameter range in consideration. This
supports the unification models by the difference between the
line of sights of type 1s and 2s, rather than by time, where type
2s are considered at the early stage of AGN evolution
enshrouded by the obscuring dust (e.g., G. L. Granato
et al. 2004).

Within the parent sample, there is a small subsample of CL
AGNs that we analyzed. In particular, NGC 1365, Mrk 590,
and NGC 3516 were reported to have transitioned during the
time frame of the ASAS-SN light curves. Through calculations
of the variability of the light curves before and after a moving
line in the window between spectral observations, we
estimated when the transitions occurred. Suggesting that a
combination of photometric and spectroscopic monitoring
campaigns can more precisely determine the transition time. It
is interesting to observe that the senses of variability difference
between nonchanging Syls and Sy2s and CL AGNs in 1 or 2
stages are the same. This consistency trend suggests that
variability can be a key factor in understanding the CL AGNs
or the dichotomy between Syl or Sy2 populations.
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