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ABSTRACT

Changing-look (CL) AGN are unique probes of accretion onto supermassive black holes (SMBHs), especially when simultaneous
observations in complementary wavebands allow investigations into the properties of their accretion flows. We present the results
of a search for CL behaviour in 412 Swift-BAT detected AGN with multiple epochs of optical spectroscopy from the BAT AGN
Spectroscopic Survey (BASS). 125 of these AGN also have 14—195 keV ultra-hard X-ray light curves from Swift-BAT which are
contemporaneous with the epochs of optical spectroscopy. Eight CL events are presented for the first time, where the appearance
or disappearance of broad Balmer line emission leads to a change in the observed Seyfert type classification. Combining with
known events from the literature, 21 AGN from BASS are now known to display CL behaviour. Nine CL events have 14—195 keV
data available, and five of these CL events can be associated with significant changes in their 14-195 keV flux from BAT. The
ultra-hard X-ray flux is less affected by obscuration and so these changes in the 14-195 keV band suggest that the majority of our
CL events are not due to changes in line-of-sight obscuration. We derive a CL rate of 0.7-6.2 per cent on 10-25 yr time-scales,
and show that many transitions happen within at most a few years. Our results motivate further multiwavelength observations
with higher cadence to better understand the variability physics of accretion onto SMBHs.

Key words: galaxies: active.

blocking the line of sight, soft X-ray, ultraviolet, and optical emission

1 INTRODUCTION from the nucleus is absorbed, as is light from the broad emission line

In the simplest unified model for active galactic nuclei (AGN),
orientation determines their observed properties (Antonucci 1993;
Urry & Padovani 1995). When the obscuring toroidal material is

* E-mail: matthew.temple @mail.udp.cl

region (BLR); only narrow line emission is observed in the ultraviolet
and optical. While the unified model can explain many observed
properties of AGN, a growing number of highly variable sources
challenge the simplest version of this model. Such ‘changing-look’
(CL) AGN experience rapid changes in their optical, ultraviolet, or
X-ray classification. In the rest-frame optical and ultraviolet, AGN
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have been seen to rapidly change between different Seyfert spectral
type classifications: from a type 1 source with strong, broad emission
lines to a type 2 source with only narrow emission lines or vice
versa (Collin-Souffrin, Alloin & Andrillat 1973; Shappee et al. 2014;
LaMassa et al. 2015; Ruan et al. 2016; Runco et al. 2016; Yang et al.
2018; MacLeod et al. 2019; Graham et al. 2020; Guo et al. 2020;
Senarath et al. 2021; Lopez-Navas et al. 2022). In multi-epoch X-ray
observations, AGN have been seen to change from Compton-thick
to Compton-thin or vice versa, consistent with a large change in
the amount of material which is obscuring the line-of-sight to the
continuum source (e.g. Guainazzi 2002; Matt, Guainazzi & Maiolino
2003; Marchese et al. 2012; Ricci et al. 2016).

However, changes in line-of-sight obscuration can only account for
a subset of CL AGN. In some of these objects, known as ‘changing-
state’ (CS) AGN, changes in the structure of the accretion disc are
required to explain the characteristics of the observed variability. For
example, Stern et al. (2018) showed that the mid-infrared emission
was highly variable in the CS quasar WISE J105203.55+151929.5
on time-scales of only a few years — significantly shorter than would
be expected for an obscurer to cover the mid-infrared emitting region.
While the geometry of the accretion flow will vary with large changes
in the accretion rate (Narayan & Yi 1995; Yuan & Narayan 2014;
Giustini & Proga 2019; Ruan et al. 2019), such changes are expected
to occur on the viscous time-scale, which is tens to thousands of
years in the discs around supermassive black holes (SMBHs). The
changes observed in CS AGN often occur within tens of months,
which is closer to the thermal time-scale (e.g. Gezari et al. 2017),
suggesting that this behaviour is driven by temperature variations or
instabilities in the inner accretion disc (Noda & Done 2018; Ross
et al. 2018). CS AGN are thus an important probe of accretion disc
physics, especially when coupled with multiwavelength observations
in the rest-frame X-ray, ultraviolet, optical, and infrared which probe
the different line- and continuum-emitting regions around the SMBH.

Over the past years, more than one hundred CL AGN have been
discovered at various redshifts, but only a few of these objects
have been studied in detail in the X-ray band. Most famously, the
appearance and disappearance of broad optical lines in Mrk 1018
(Cohen et al. 1986; McElroy et al. 2016) have been associated with
the evolution of the X-ray—ultraviolet continuum emission which is
responsible for photoionizing the BLR gas (Noda & Done 2018;
Lyu et al. 2021; Liu, Wu & Lyu 2022). More dramatic behaviour
was observed in 1ES 19274654, which underwent a complete
transformation of its X-ray spectral properties, and showed X-ray
variability of over four orders of magnitude on time-scales of months
(Trakhtenbrot et al. 2019; Ricci et al. 2020, 2021). However, due to
the relatively small number of CS AGN observed in the X-rays, it is
still unclear whether these events are always accompanied by a clear
transition in the X-ray band. It is therefore critical to identify more
examples of AGN which both show changes in their optical spectral
type classification and also have contemporaneous multiwavelength
data which can be used to constrain the physics of CL and CS AGN
transitions.

At the same time, we are moving from serendipitous discoveries
to an era of systematically searching for CL behaviour in large
surveys. Most CL AGN studies to date have looked for changes in
the emission properties of a parent sample which has been selected
using optical data. Such searches tend to be biased towards finding
either the appearance of broad lines in previously known type 2
objects (the so-called ‘turn-on’ events), or the disappearance of broad
emission features from previous type 1 objects (‘turn-oft” events).
For example, recent work from the SDSS-IV TDSS survey found 15
turn-off and 4 turn-on CL. AGN, starting from a sample of 64 039
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broad-line SDSS quasars (Green et al. 2022). A complementary
search by Hon et al. (2022) found 24 turn-on and 4 turn-off CL
AGN, starting from a sample of 1092 type 2 and 304 type 1 AGN in
the 6dF Galaxy Survey. To better understand the incidence of CL, and
specifically CS behaviour, it is therefore desirable to search within
a parent sample that was not selected based on ultraviolet or optical
properties, thus being less biased towards either of the main spectral
AGN sub-classes (type 1 or type 2 AGN).

The Burst Alert Telescope (BAT; Barthelmy et al. 2005) onboard
the Swift satellite (Gehrels et al. 2004) has been scanning the sky in
the 14-195keV X-ray band since 2004 December. The BAT AGN
Spectroscopic Survey (BASS; Koss et al. 2022a) is a comprehensive,
multiwavelength effort to investigate the properties of local AGN
selected via their Swift-BAT 14-195 keV X-ray emission. This ultra-
hard X-ray selection is far less biased by obscuration (fig. 1 of Ricci
et al. 2015), effectively ensuring a complete census of actively
accreting SMBHSs in the local universe. The second data release
(DR2) from BASS focuses on the 858 AGN (Koss et al. 2022b) from
the 70-month Swift-BAT catalogue (2004 December to 2010 October;
Baumgartner et al. 2013). BASS DR2 includes 1449 optical spectra
for these 858 objects, from which have been derived emission line
measurements, black hole masses, and accretion rates (den Brok
et al. 2022; Koss et al. 2022b,c; Mejia-Restrepo et al. 2022; Oh
et al. 2022; Ricci et al. 2022a,b). Due to their bright fluxes, BASS
AGN are some of the most well-studied AGN in the universe, with
detailed observations across all wavebands in many cases. This
sample therefore provides an excellent test bed for constraining the
physics of CL AGN.

In this paper, we present a sample of eight new CL events identified
through visual inspection of 412 AGN with >2 epochs of optical
spectroscopy in the BASS DR1 and DR2 catalogues. We also discuss
the ultra-hard X-ray light curves of five previously known CL AGN
from the BASS sample; four from the 70-month BAT catalogue
which formed the basis for BASS DR2, and one additional object
from the 105-month BAT catalogue (Oh et al. 2018). In Section 2,
we describe the data set and the methods used to identify the sample
of CL AGN, which we present in Section 3. These objects are dis-
cussed and compared to previously known populations in Section 4.
Throughout this work, we assume a flat concordance cosmology
with @, = 0.7, Q,, = 0.3, Hy = 70km s~ Mpc~!, consistent with
previous papers from the BASS collaboration.

2 DATA

2.1 Optical spectra

We start from a sample of 2168 unique optical spectra covering
1105 unique BAT-detected AGN, consisting of the complete BASS
DRI and DR2 catalogues (Koss et al. 2017; Koss et al. 2022b) as
well as additional, unpublished observations obtained as part of the
ongoing BASS effort to study newly identified AGN in the BAT
105-month survey. Blazars (Paliya et al. 2019; Marcotulli et al.
2022) and other types of beamed AGN were then removed, using
the classifications reported in the Koss et al. (2022b) catalogue. High
spectral resolution observations with limited wavelength coverage,
typically only ~8000-9000 A, were also discarded. Such spectra
were taken to measure stellar velocity dispersions via the Calcium
triplet absorption complex and do not cover the broad Balmer
emission lines. From the remaining data, 430 BAT sources have
multiple epochs of optical spectroscopy. The merging system Was 49
(BAT ID 605) has one spectrum from each of its two nuclei in the
BASS DR2 catalogue and is removed from our sample. 17 sources
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Figure 1. Distribution in redshift-luminosity space for BASS DR2, with the
parent sample for this investigation marked with crosses. Previously known
and newly identified CL AGN (see Section 3) are identified with coloured
symbols. We do not see any changes in type in BASS AGN with redshifts z
> 0.1, which are among the most luminous objects in our parent sample.

have redshifts z > 0.5, where their observed-frame optical spectra
cover the rest-frame ultraviolet regime. Such objects were inspected
separately, and no significant changes were observed in their rest-
ultraviolet emission features.

Following these cuts, we have 412 AGN from BASS DR2 with
multiple epochs of rest-frame optical spectroscopy, which form the
parent sample for this investigation. Within this parent sample, the
median number of spectral epochs per object is 3. These sources
cover the full range of Ly, (= 10**~# ergs™!), Mpu(~ 10793 M),
and L/Lggq(~ 10~* — 10') of the BASS DR2 population, as shown
in Figs 1 and 2.

Each of these 412 AGN were visually inspected for changes in their
Balmer line (H 8 and/or H &) properties. Due to the heterogeneity
of the spectroscopic data for our sample, acquired using 24 different
instruments and 18 different telescopes, the accuracy of the spec-
trophotometry (i.e. the absolute flux calibration) of each spectrum
varies considerably. Throughout this work we therefore normalize
the flux in each spectral band (i.e. around H  and H &) by dividing
out the median flux, to better visualize the changes in the emission
lines. Any change in the seeing or the aperture size (slit width or
fibre diameter) will lead to a change in the relative contribution
from the host galaxy to the flux of the extracted spectrum, and
hence a change in the equivalent width of any nuclear emission
features. However, each spectrum in our parent sample covers the
nucleus of the galaxy and so if broad line emission is present then we
expect to detect it. The aim of this work is to find high-confidence
CL AGN in BASS spectra, and to analyse those which could be
due to CS behaviour, but not to accurately quantify their emission
line properties. To mitigate the effects of varying signal-to-noise
ratio, spectral resolution, instrument, and flux calibration, herein
we present only objects which were seen with complete changes
in spectral type, i.e. the complete appearance or disappearance of
broad H 8 or Ha emission lines (Fig. 3). In Appendix A, we show
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examples of spectra which did not meet this criteria and so were
discarded during our visual inspection process.

2.2 BAT light curves

While the AGN in BASS DR2 were selected from the first 70 months
of the BAT survey, data are now available covering the first 157
months of Swift operations, from 2004 December to 2017 December
(Lien et al., in preparation). We rebin each light curve to 6-month
bins to improve the signal-to-noise ratio and to aid the identification
of longer term trends in the 14-195 keV emission.

From our parent sample of 412 AGN, 162 spectral epoch-pairs
from 125 objects occur within the period 2004 December to 2017
December. The vast majority of the remaining 287 objects have
only one spectrum from before 2017 December with subsequent
spectral epochs (usually from targeted BASS programmes) dating
from 2018 January onwards. We therefore have X-ray light curves
contemporaneous with multi-epoch optical spectra in 125 AGN,
making this the largest search for CL AGN to date from simultaneous
optical and X-ray multi-epoch data.

2.3 Black hole masses and Eddington ratios

We use the black hole mass (Mpy) estimates from the BASS DR2
catalogue. These measurements are described in detail by Koss et al.
(2022b), and here we only briefly discuss these estimates. Mpy
estimates are taken from (i) literature measurements of spatially
resolved megamasers, stellar or gas dynamics, or reverberation
mapping campaigns; (ii) single-epoch measurements of broad emis-
sion lines (Mejia-Restrepo et al. 2022); and (iii) measurements of
stellar velocity dispersions (Koss et al. 2022c) and assuming the
Kormendy & Ho (2013) Mgy — o, relation.

Due to the variable nature of the CL AGN studied in this work,
the question naturally arises as to whether the BLR in these objects
is virialized and whether the usual virial scaling relations used for
broad emission lines hold true. In the right-hand panel of Fig. 2 we
show the subset of the catalogue with o ,-derived Mgy. As would
be expected, these sources do not include many of the brightest
AGN inferred to have L/Lggq 2 1, but do cover the full range of
parameter space spanned by the CL AGN in this work. Recently
Jin, Wu & Feng (2022) showed that the virial My estimated from
the bright epochs in a sample of 26 CL AGN is consistent with the
Mgy inferred from measurements of stellar velocity dispersions in
their faint epochs, suggesting both that (i) CL AGN follow the usual
Mgy — o, relation and (ii) the virial scaling relations used to derive
Mgy are still applicable in CL AGN. The dominant uncertainty on
each Mgy estimate is of the order of 0.45 dex due to the systematic
uncertainties in virial and o, scaling relations (Shen 2013; Koss
et al. 2022b). This gives rise to the covariant uncertainty ellipse in
the Mpu—L/Lgqq space shown in Fig. 2.

For the time-variable sources studied in this work, any estimation
of the Eddington ratio also requires knowledge of the instantaneous
bolometric luminosity L. For spectra taken between 2005 and 2017
(inclusive), we infer an estimate of Ly, using the relevant Swift-
BAT 14-195keV light curve, assuming 1 Crab is 2.3343 x 1078
ergcm 25! (Ohetal. 2018), a " = 1.8 continuum power-law index
(Ricci et al. 2017), and a bolometric correction consistent with pre-
vious BASS works (Vasudevan & Fabian 2009; Koss et al. 2022b):

> Fla_ios

Lbol =8 x L14_195 =8 x 4ﬂdLW’

ey
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Figure 2. Left-hand panel: 747 unbeamed z < 0.5 AGN with black hole mass and Eddington ratio estimates from BASS DR2 (Koss et al. 2022b). Bolometric
luminosities are estimated using Lyol = 15 X Linginsic 2-10 kev Where available from Ricci et al. (2017), else Lpo} = 8 X Li4.195 kev. Right-hand panel: as left,
but only including objects with Mpy inferred from measurements of the host galaxy stellar velocity dispersion (Koss et al. 2022c). Crosses show objects
with multiple epochs of optical spectroscopy which form the parent sample for this work. CL AGN are shown in orange where L/Lgqq can be inferred from
simultaneous BAT light curves (Section 2.3) with different shapes representing epochs where broad Balmer lines are seen (BL epochs) and epochs where only
narrow lines are observed (NL epochs). The green circles show CL AGN where the change in state is not covered by the 157-month Swif-BAT survey, and
L/Lgqq is instead taken from Ricci et al. (2017). The ellipse shows the 1o covariant uncertainty arising from representative 0.45 dex uncertainties on both Mgy
and Lyo (Koss et al. 2022b). All our CL AGN appear to have L/Lggg < 0.1, as expected if CL behaviour arises from changes in the accretion disc structure

(Noda & Done 2018; Ruan et al. 2019).

where F4_195 is the weighted-average 14-195keV flux from BAT
in the 6 months prior to the date of the relevant optical spectrum.

3 RESULTS

CL AGN can be divided into two broad categories (e.g. Ricci &
Trakhtenbrot 2022): those due to changes in line-of-sight obscura-
tion, and those due to intrinsic variability such as changes in the
structure of the accretion flow or the BLR. Here we discuss each
CL AGN individually, with the aim of distinguishing between those
which could be ascribed to obscuration, and those which are bona
fide CS AGN. The ultra-hard X-ray flux measured by Swift-BAT is
not only probing the power emitted by the accretion disc, but also
remains unaffected by changes in obscuration on the level of Ny <
10%* cm~2 (Ricci et al. 2015; Koss et al. 2016), meaning that any
change in the BAT flux contemporaneous with an optical CL event
is most likely due to CS transition. We therefore include discussion
of the BAT light curves where available for each CL event.

3.1 New CL events

In this section, we present eight newly identified CL events and
compare their optical BASS spectra (Table 1 and Fig. 3) with their
14-195 keV light curves from the BAT 157-month catalogue (Fig. 4).

3.1.1 NGC526A

NGC526A (BAT 72) was observed as a type 2 source with only
narrow Balmer emission lines in 2009 July. In early 2010, an increase
was seen in the BAT flux by around a factor of two. In 2016 and 2018,

the source is observed with a broad component in the H o emission
line and so we consider it to be a ‘turn-on’” CS AGN, although we
note that no corresponding change is detected in H §.

3.1.2 NGC 1365

We present a newly discovered ‘turn-off” event in the CL AGN
NGC 1365 (BAT 184). NGC 1365 was observed to show broad
emission lines in both Ha and H B in 1993 August (Schulz et al.
1999), but in a spectrum taken in 2009 January Trippe et al. (2010)
report only narrow H §, with any broad Ho emission being very
weak, suggesting that the source ‘turned off” between 1993 and 2009.
In BASS DR1 we released a 2010 September spectrum which showed
no change from 2009 January, with NGC 1365 still displaying only
narrow H & and H . However, we then see broad Balmer lines in our
2013 December and 2017 June spectra, suggesting that the source
has turned back on between 2010 and 2013. Onori et al. (2017)
find broad near-infrared Paschen lines in 2011 October observations
with ISAAC, suggesting that either the turn-on event happened
rapidly between 2011 September and 2011 October, or that the type
2 behaviour observed in the optical in 2009-10 was due to dust
obscuration which attenuated the broad Balmer lines (e.g. Goodrich
1995). We note that Lena et al. (2016) found broad Ha in 2013
January IFU observations with GMOS, as did Venturi et al. (2018)
in 2014 October observations with MUSE, who also found a kilo-
parsec—scale bi-conical outflow (see also Kakkad et al. 2022). We
re-observed this source with Magellan MagE in 2021 December,
identifying only narrow Ha and H B, suggesting that the source
once again turned off between 2014 October and 2021 December in
a newly discovered CL event.

MNRAS 518, 2938-2953 (2023)
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Figure 3. Flux density spectra for BASS AGN with CL events newly identified in this work. Counts have been normalized using the median flux density
across the 4500-5200 and 60007000 A spectral windows to allow a direct comparison of the emission line morphologies. The dotted lines show the rest-frame

wavelengths of Balmer H 8 14861 and Ho A6563.

NGC 1365 is well-known to have previously displayed rapid
changes in its X-ray spectral properties, from Compton-thick to
Compton-thin and back again within just six weeks in 2002 and
2003. The rapid nature of this change led to its attribution to variable
obscuration (Matt et al. 2003; Risaliti et al. 2005; Marin et al. 2013).
Further X-ray follow-up found NGC 1365 in a high-flux state with
low column absorption in 2013 January (Braito et al. 2014), although
recent work has suggested that the X-ray observations can also be

MNRAS 518, 2938-2953 (2023)

explained by a variable accretion rate leading to changes in the
coronal geometry (Mondal et al. 2022). This variable obscuration
may lead to additional uncertainties in the intrinsic luminosity traced
by the BAT light curve. Between 2004 and 2013, the flux in the
BAT light curve flickers by around a factor of three, although
no obvious correlation can be drawn between the changes in the
optical classifications and the peaks and troughs in the X-ray
light curve.
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Figure 3. Continued.

3.1.3 ESO306-1G 001

ESO306-1G 001 (BAT 280) is an interacting galaxy pair, separated
by around 20 arcsec. We have verified that all the spectra used in
our analysis are of the southern, active galaxy nucleus, which is
clearly identifiable by virtue of its bluer colours in optical imaging
and redder colours in WISE. In 2019 September, we identified the
appearance of broad Ha emission which was not present in 2016
March, and moreover the appearance of broad H 8 emission which
was not present in 2017 July. The BAT light curve shows tentative
evidence for an increase in flux in the second half of 2017, during the
last 6 months of currently available data. Future data releases from

Swift-BAT should provide X-ray fluxes covering the period from
2017 to 2019 when the change was observed in the optical spectra.

3.1.4 UGC 03601

UGC 03601 (BAT 349) shows emission from broad H @ and H g lines
in 1999. In 2008 and 2018, emission from broad H « is significantly
weaker, and no broad component is visible in H 8. The BAT light
curve shows the X-ray flux dropping by a factor of ~3 from 2006 to
2008, and staying at a lower level through to the end of the 157-month
survey in 2018.
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Table 1. BASS spectra for the eight CL AGN discussed in Section 3.1. ‘B’: broad line observed, ‘N’: no broad line observed, ‘~: no spectral coverage. ‘“Type’
refers to the estimated type classification using the criteria described by Osterbrock (1981).

BAT ID SWIFT name Counterpart name Observation dates Hp Ha Type Instruments
BAT 72 SWIFT J0123.8-3504 NGC526A 2009-07-20 N N 2 CTIO/RC
2016-09-12 N B 1.9 duPont/BC
2018-08-24 N B 1.9 VLT/Xshooter
BAT 184 SWIFT J0333.6-3607 NGC 1365 2010-09-17 N N 2 CTIO/RC
2013-12-10 B B 1.5 VLT/Xshooter
2017-06-21 B - - VLT/FORS2
2021-12-12 N N 2 Magellan/MagE
BAT 280 SWIFT J0528.1-3933 ESO306-1G 001 2016-03-14 N N 2 duPont/BC
2017-07-19 N - - VLT/FORS2
2019-09-02 B B 1.5 VLT/Xshooter
BAT 349 SWIFT J0655.8+3957 UGC 03601 1999-02-14 B B 1.5 KPNO/Goldcam
2008-12-07 N N 2 KPNO/Goldcam
2018-09-10 N B 1.9 Palomar/DBSP
BAT 757 SWIFT J1508.8-0013 Mrk 1393 2001-03-22 N N 2 APO/SDSS
2022-05-31 B B 1 LCO/FLOYDS
BAT 981 SWIFT J1830.84-0928 CGMW 5-04382 2010-04-05 N N 2 Perkins/DeVeny
(LEDA 2808003) 2014-06-05 N B 1.8 VLT/Xshooter
2016-07-11 B B 1.5 Palomar/DBSP
BAT 1037 SWIFT J1926.9+4140 2MASX J19263018+4133053 2010-05-28 N N 2 Perkins/DeVeny
(LEDA 2182842) 2015-08-11 N B 1.9 Palomar/DBSP
2018-03-27 N - - Palomar/DBSP
BAT 1070 SWIFT J2015.24+2526 2MASX J20145928+2523010 2017-08-05 N N 2 Palomar/DBSP
2017-08-27 N N 2 Palomar/DBSP
2019-06-11 N B 1.9 Palomar/DBSP

3.1.5 Mrk1393

Mrk 1393 (BAT 757) was observed to show galaxy-dominated con-
tinuum in 1993, 2001, 2005 (Wang et al. 2009), with no broad
H B present in the 2001 March spectrum from SDSS, leading to
it being classified as a type 1.9 in BASS DRI1. However, a 1984
spectrum presented by Morris & Ward (1988) shows broad Balmer
emission, suggesting the source turned off between 1984 and 1993.
X-ray observations of Mrk 1393 were presented by Wang et al.
(2009), who discussed a scenario in which variable obscuration in
the optical and X-rays could be due to dusty material disrupted
from the circumnuclear torus. Wang et al. (2009) also detected
weak broad H B in their 2005 September spectrum, with a line-
of-sight extinction of 0.6 mag estimated from the Balmer decrement.
A new, previously unpublished spectrum taken in 2022 May with
LCO/FLOYDS shows a much brighter and bluer continuum, along
with much stronger broad Ho and H B emission lines consistent
with an unobscured line-of-sight to the BLR. We therefore classify
this as a new ‘turn-on’ event which has taken place between 2005
and 2022. Recent photometry from the Zwicky Transient Facility
(ZTF; Bellm et al. 2019; Masci et al. 2019) shows a brightening of
almost two magnitudes in 2021 in the g and r bands (ZTF18acxcttu;
AT 2019aahm; Fremling 2020), consistent with the appearance of an
AGN-dominated continuum.

3.1.6 CGMW 5-04382

CGMW 5-04382 (LEDA 2808003; BAT 981) shows a brightening
of broad line emission in both Ho and H S between 2010 April
(when it displayed only narrow emission lines) and 2014 June, and
again between 2014 June and 2016 July. We therefore classify it as
a turn-on CL AGN. X-ray spectral analysis by Ricci et al. (2017)
found a column density of Ny = 10*3?2, suggesting this source was
X-ray obscured when the source was observed by Swift-XRT in 2007
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September. The BAT light curve is noisy with low flux rates, which
is consistent with the possibility that the CL transition observed in
this source is due to variable obscuration.

3.1.7 2MASX J19263018+4133053

2MASXJ19263018+4-4133053 (LEDA 2182842; BAT 1037) resem-
bled a type 2 AGN in 2010 May, with only narrow Ho and H 8
emission lines present. In 2015 August, a broad base is clearly visible
in the H « line, though a corresponding feature is not detected in H 8
in either 2015 August or 2018 March. 2MASX J19263018+4133053
was detected in 2020 and 2021 as a variable source in optical
photometry (ZTF20aazwurf; AT 2020kcu; Forster et al. 2020). The
BAT light curve is also noisy with low signal-to-noise ratio even in
the rebinned light curve.

3.1.8 2MASX J20145928+2523010

2MASXJ201459284-2523010 (BAT 1070) is a Compton-thick
(Ng = 10**?cm~2) AGN which is also very red (g-r~2mag) in
optical imaging. Correspondingly, the signal-to-noise in the H j
region of the optical spectra is poor. In 2017 August only narrow
H o emission is detected, but in 2019 June a broad emission feature
appears around Ay = 6510 A, which we interpret as broad, albeit
blueshifted, Ho emission. BAT 1070 was detected as a transient
source in ZTF photometry (ZTF19aawrrqy; AT 2019aagk; De 2020),
with a 0.7 mag brightening in the  band within 6 months in the second
half of 2020 which has since faded.

The BAT light curve showed a peak in the first half of 2007, which
subsequently decreased to a low flux state, as observed between
2009 through the end of the 157-month BAT observations in 2017
December. Future data releases from Swift-BAT should include X-ray
data covering the 2017-2019 period in which the optical transition
was observed.
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-month intervals in black. Epochs labelled in red as ‘BL’ correspond to the dates of optical spectra in which broad

Figure 4. Swift-BAT 14-195keV light curves spanning 2004 December to 2017 December inclusive for the eight CL AGN presented in Section 3.1. Individual

months are shown in grey, and rebinned to 6
Balmer emission is seen; epochs in blue labelled as ‘NL’ are those where only narrow Balmer lines are seen.
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Figure 5. Swift-BAT 14-195keV light curves spanning 2004 December to 2017 December inclusive for the five known CL AGN discussed in Section 3.2.
Individual months are shown in grey, and rebinned to 6-month intervals in black. Epochs labelled in red as ‘BL’ correspond to the dates of optical spectra in
which broad Balmer emission is seen; epochs in blue labelled as ‘NL’ are those where only narrow Balmer lines are seen.

3.2 Previously known CL events

The BASS catalogue contains some of the most well-known and
well-studied AGN in the local universe, including many that had pre-
viously been observed to change type. Fairall 9 (BAT 73), NGC 1566
(BAT 216), HE 1136-2304 (BAT 557), KUG 1141+371 (BAT 565),
NGC 4151 (BAT 595), 3C390.3 (BAT 994), NGC 7582 (BAT 1188),
NGC 7603 (BAT 1189), and IRAS 23226-3843 (BAT 1194) have all
been observed to show CL behaviour (Tohline & Osterbrock 1976;
Penston & Perez 1984; Kollatschny & Fricke 1985; Wamsteker
et al. 1985; Malkov, Pronik & Sergeev 1997; Aretxaga et al. 1999;
Kollatschny, Bischoff & Dietrich 2000; Shapovalova et al. 2008;
Parker et al. 2016; Oknyansky et al. 2019; Kollatschny et al. 2020;
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Jiang et al. 2021; Liu et al. 2022; Oknyansky 2022). These nine AGN
are shown with green circles in Fig. 2.

In this section, we list a further five AGN where a change in
state has been identified in the literature, and where these transitions
have occurred during the course of the 157-month BAT survey (2004
December to 2017 December). We present 14—195 keV light curves
for these objects in Fig. 5.

3.2.1 Mrk1018

Mrk 1018 (BAT 106) was observed to turn on between 1979 and 1984
(Cohen et al. 1986), and then turn off again between 2009 and 2015
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(Husemann et al. 2016; McElroy et al. 2016). In the X-rays, there is
a drop in flux from 2009 to 2015 which we associate with the turn-
off CS event seen in the optical. Mrk 1018 was observed by SDSS
in 2000 September with a type 1 spectrum which was subsequently
included in BASS DR1 and DR2.

3.2.2 Mrk 590

Mrk 590 (BAT 116) is a well-known variable AGN and has been
extensively studied in multiple wavebands. Between 1996 and 2006,
the source transitioned from type 1 to type 2, as reported by Denney
et al. (2014), who also showed that broad Balmer emission was not
present in 2013 February, 2013 December, or 2014 January. Mathur
et al. (2018) reported a subsequent brightening in the ultraviolet
continuum and the presence of broad Mg 11 12800 emission in Hubble
Space Telescope observations obtained in 2014 November. A BASS
DR2 observation with Xshooter in 2017 December clearly show the
re-appearance of broad Ha and broad H 8 emission, in agreement
with the MUSE observations of Raimundo et al. (2019) who found
broad Balmer emission in 2017 October and November. The BAT
light curve is noisy and there is no clear transition in the ultra-hard X-
ray flux, although recent analysis of X-ray spectra from NuSTAR and
Swift-XRT (Ghosh et al. 2022) shows an increase in the Eddington
ratio from 7.5 x 1073 in 2016 February to 1.9 x 1072 in 2018
October, around the time the source turned on in the optical spectra.

3.2.3 NGC2992

NGC2992 (BAT471) is an interacting galaxy with a bi-conical
ionized gas outflow (Veilleux, Shopbell & Miller 2001; Kakkad et al.
2022) and a rich archive of observations analysed in detail by Guolo
et al. (2021). In brief, NGC 2992 was observed to lose its broad H «
emission in 1994, and then to have returned by 1999 (Allen et al.
1999; Gilli et al. 2000). These variations were shown to correlate with
the X-ray flux: from the high state observed by Mushotzky (1982),
the X-ray flux declined to a minimum in 1994, before returning to
the original level in 1999 (Gilli et al. 2000). The X-rays were further
shown to undergo a changing-obscuration event by Matt et al. (2003).

A BASS spectrum taken in 2009 January shows no broad H
or Ho emission, suggesting that the source had returned to type 2.
However, in 2014 February and 2016 January, there is evidence for
a broad Ho emission component which is not seen in 2009 (see
also Caglar et al. 2020). The BAT light curve shows an increase
by a factor of ~6 from 2009 through to 2016, which we associate
with a further ‘turn-on’ CL event. Near-infrared observations in 2012
January show weak broad (and strong narrow) emission in Paschen
and Hel, which might suggest the continuing presence of a BLR
that is obscured by dust at optical wavelengths (Onori et al. 2017).
However, Guolo et al. (2021) showed that the intrinsic (absorption-
corrected) X-ray flux varies by a factor of 40 between 2010 and
2020, and that the broad He line strength is well-correlated with
these variations in the intrinsic luminosity. Guolo et al. (2021) are
therefore able to rule out changes in obscuration as an explanation
for the recent transitions in the optical spectra of NGC 2992, instead
classifying it as a CS AGN.

3.2.4 NGC3516

NGC3516 (BAT 530) was observed to change between type 1 in
2007 and type 2 in 2014, with broad H o re-appearing by 2017
(Shapovalova et al. 2019). Our BASS DRI spectrum from 2009
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April shows strong broad lines, meaning that the turn-off event
happened between 2009 and 2014. The BAT light curve shows a
peak in 2007 which drops significantly to a minimum in 2014, before
recovering in 2016. We associate these changes in the X-ray flux
with the respective turn-off and turn-on CS events in NGC 3516.
Further follow-up observations have been reported by Oknyansky
et al. (2021), showing a brightening of broad Balmer line emission
through 2020, consistent with the broad lines seen in 2019 June
spectrum included in BASS DR2. We refer the interested reader to
Oknyansky et al. (2021) for a full discussion of the history of this
object.

3.2.5 NGC2617

NGC2617 (BAT 1327) was classified as type 1.8 in 2003, and
transitioned to type 1 in 2013 (Shappee et al. 2014; Oknyansky et al.
2017). Subsequent follow-up (Oknyansky et al. 2017; Yang et al.
2021) showed the continued presence of broad Balmer line emission
through 2016, similar to the type 1 behaviour seen in BASS spectra
in 2017 and 2020.

NGC 2617 was not included in BASS DR?2 as it was not detected
in the 70-month BAT survey (Baumgartner et al. 2013). Fig. 5 shows
a strong increase in the 14-195 keV X-ray flux from 2010-2012,
and NGC 2617 was detected in the BAT 105-month survey (Oh et al.
2018). Its BAT flux remained high from 2012 through to the end of the
157-month light curve in 2017 December. We therefore associated
the increase in X-ray flux in 2010-2012 with the turn-on CS event
seen in the optical spectra.

4 DISCUSSION

4.1 Rate of CL events in local AGN

Given the heterogeneity of our parent sample, which takes optical
spectra from multiple sources with various different selection func-
tions, it is not possible to draw precise conclusions about the rate of
CL events from the sample discussed in this paper. However, we can
instead use this population to estimate upper and lower limits on the
rate of CL transitions in BASS AGN. The size of our CL sample is
small and so the quoted uncertainties in the following discussion are
derived assuming Poisson statistics.

From the 749 unique non-beamed z < 0.5 AGN in the BAT 70-
month catalogue, we know of eight CL AGN where the change
in optical type classification occurred between 2004 November and
2017 December: BAT IDs 72, 106, 116, 184,471, 530,981, and 1037.
This places a robust lower limit of at least 1.1 £ 0.4 per cent of local
( z =~ 0.03) AGN undergoing changes in state on observed-frame
time-scales shorter than 13.1 yr.

Restricting to our parent sample, we have 412 objects where we
have temporal coverage such that we might have expected to observe
changes in the Balmer lines. Taking the same eight CL objects as
above gives a mid-range estimate of 1.9 = 0.7 percent of BASS
AGN displaying CL behaviour within a 13.1 yr time frame.

Including all archival results from the literature (Section 3.2), 21
BASS AGN are now known to have undergone at least one CL
transition over the past 50 yr. This gives a lower limit of at least
2.8 &+ 0.6 percent (21/749) of non-beamed z < 0.5 BASS AGN
displaying CL behaviour within a 50 yr period. If all 21 of these CL
AGN had been found from within the parent sample in this work, we
would have derived arate of 5.1 £ 1.1 per cent (21/412) of local AGN
undergoing at least one CL event within ~10-25 yr time-scales. In
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reality this likely represents an overestimate of the rate of CL events
in BASS AGN.

These conservative constraints are consistent with the results of
Loépez-Navas et al. (2022), who estimate that around 1.8 per cent of
type 2 AGN transition to type 1 over the course of 15 yr. However, we
note that the uncertainty associated with this measurement remains
large, as they extrapolate from spectroscopic follow-up observations
of just six of their 30 CL candidates. Similarly, while Runco
et al. (2016) reported that 38 percent of 0.02 < z < 0.1 Seyfert
galaxies show changes in their H 8 flux on 3-9 yr time-scales, only
2.9 & 1.7 per cent of their sample show the complete disappearance of
broad Balmer emission, which is consistent with our results (derived
through a similar approach). Hon et al. (2022) also report a CL rate
of ~3 percent per 15 yr, which is consistent with our results. On
the other hand, Green et al. (2022) found only 19 CL events from
a sample of 64039 SDSS quasars, giving a rate of ~0.03 per cent
across a ~10 yr time-scale, some two orders of magnitude lower
than the CL rate which we find in BASS AGN. However, Green et al.
(2022) do not claim to be complete, and their initial sample of quasars
have much higher Eddington ratios compared to the BASS sample.
Such objects are known to be less likely to display CL behaviour
(MacLeod et al. 2019), so it is not surprising that Green et al. (2022)
find a lower incidence of CL behaviour.

Our inferred rate of ~0.7-6.2 per cent per 10-25 yr is significantly
higher than those of tidal disruption events, which are predicted to
occur of the order of 10~ times per year per galaxy, and are observed
even less frequently (Stone & Metzger 2016; Stone et al. 2020; Gezari
2021). Tidal disruption of stars is therefore unlikely to be the main
mechanism for our observed CL behaviour.

4.2 Physical drivers of CL behaviour

We have identified nine changes of AGN type which are constrained
to have taken place during the 2004 December to 2017 December
period of the 157-month BAT survey. This includes two CL events
in BAT 530 and one event each in the seven other CL AGN listed in
the previous section. Three out of these nine events could be due to
variable obscuration: BAT 981 and BAT 1070 have had X-ray column
densities measured of Ny = 1022 and 10***cm™2, respectively
(Ricci et al. 2017), and BAT 184 is known to have variable X-ray
obscuration (Matt et al. 2003; Risaliti et al. 2005; Marin et al. 2013).
Five of the six other CL events show clear changes in their BAT
light curves, with broad-line epochs (as expected) corresponding
to brighter X-ray levels compared with narrow-line epochs. The
remaining event was that in BAT 116, which has an inconclusive
BAT light curve but otherwise has been shown to undergo significant
changes in its intrinsic luminosity (Ghosh et al. 2022). These changes
in X-ray luminosity (in six out of nine CL events) would not be
expected if the optical changes were solely due to variable Compton-
thin obscuration, as the 14—195 keV energy band is less affected by
changes in the line-of-sight column.

In general, the column densities from X-ray spectral analysis
(Fig. 6) tend to be lower in CL AGN than in the overall population.
The median Ny is 10" cm™2 in the 21 BASS AGN which are
now known to be CL AGN, compared to 10*>* cm~? in our parent
sample, consistent with a scenario in which CL AGN are mostly
unobscured. Previous work from the BASS collaboration (Koss et al.
2017; Oh et al. 2022) has shown that 290 per cent of Seyfert type
classifications in local AGN agree with their X-ray obscuration.
Our results therefore support a scenario in which many of the most
extreme changes in observed AGN broad line emission are due to
changes in the underlying accretion rate.
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Figure 6. Cumulative distribution of the column densities along the lines
of sight to BASS AGN, as measured by Ricci et al. (2017). The CL AGN
discussed in this work (solid orange line) tend to prefer lower values of Ny
< 102 cm™2, meaning that they are less likely to be X-ray obscured than a
random BASS AGN.

In Fig. 2, we show the distribution of our new CL AGN in
the Mpy—L/Lggqa plane. The uncertainty on our estimated L/Lggq
includes that associated with the assumption of a constant bolometric
correction, which we estimate to be around 0.45 dex following the
scatter between L4195 rev and Ls,o, s found in BASS DR1 (Koss
et al. 2017). With this caveat in mind, we can say that we do not
observe a significant number of CL AGN with L/Lgg 2 0.1. We
conducted a Monte Carlo experiment, producing 100000 random
realizations of our CL sample from the parent distribution of L/Lgqq.
Only 0.37 per cent of these realizations had L/Lgqq < 0.1 for every
object, suggesting that it is unlikely that our observed lack of high
accretion rate CL AGN is due to chance. This is in agreement with
the results of MacLeod et al. (2019), who found that CL quasars are
observed more often at lower Eddington ratios compared to the SDSS
quasar population. By analogy with the accretion state transitions in
stellar-mass black hole X-ray binary systems, Noda & Done (2018)
and Ruan et al. (2019) have suggested that CS behaviour in AGN
could arise due to changes in the structure of the inner accretion disc
which occur around a critical value of L/Lggq ~ 0.02. Our observed
distribution of L/Lgg4 is consistent with such mechanisms driving the
majority of the CL events we find in BASS AGN.

4.3 Time-scales of CL events

The parent sample used in this work consisted of the non-beamed,
z < 0.5 AGN with more than one epoch of optical spectroscopy in
BASS. This sample is very heterogeneous, with a variety in aperture
size, spectral resolution, and spectrophotometric calibration quality.
The cadence of the repeat observations in this sample was not chosen
to support variability science, and in particular was not optimized to
study CL events in any way. Some sources have observations from
more than one archival programme, while some sources were chosen
for repeat observation due to their having poor signal-to-noise ratio,
resolution or calibration in BASS DRI, meaning that the subset of
BASS AGN which have multi-epoch spectroscopy could be biased
in ways which are hard to quantify. In Fig. 7 we plot the distribution
of the rest-frame At, the difference in time between the first and last
spectral epochs for each AGN in our parent sample, together with
the distribution of A for each pair of spectra which constrain a CL
event. These At serve as simple upper limits on the time-scale for the
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Figure 7. The distribution of A, the difference in time between the first and
last spectral epochs, in the parent sample, and the CL sample in this work.
Using a KS test, we are unable to reject the null hypothesis that our CL events
are drawn from the same distribution of Az as that of our parent sample, with
p = 0.069. We are therefore limited by the cadence of observations in our
parent sample, with most sources having at least one year between spectral
epochs.

CL transitions themselves. The parent sample is dominated by time
baselines of more than one year, which limits our ability to associate
time-scales shorter than ~300 d with any CL event. Instead we see
that CL transitions are identified over 3-5 yr time-scales, consistent
with the distribution of At in our parent sample. However, we know
that at least some CL transitions occur on much shorter time-scales
(e.g. Gezari et al. 2017; Trakhtenbrot et al. 2019; Zeltyn et al. 2022)
which we would miss in cases where a source transitions twice (e.g.
off and then on again) within ~300d. Upcoming surveys such as
SDSS-V Black Hole Mapper (Kollmeier et al. 2017) will provide
better constraints for a much larger sample of CL AGN, probing
time-scales from days to years. Our work shows that continued high-
cadence spectroscopic monitoring of the BASS sample would be
valuable to place better constraints on the variability time-scales in
the local AGN population.

4.4 Future work

Future work will involve analysing follow-up observations to char-
acterize how the X-ray spectral properties have changed for the CL
sources identified in this work. Broad-band (0.3-195 keV) X-ray
spectral fitting has previously been carried out for all BAT AGN
(Ricci et al. 2017), but this analysis assumed that there was no
variability between the various epochs in which the broad-band X-
ray data were obtained. A more sophisticated analysis will look to
confirm whether the CL events we have found (especially those for
which we do not have BAT light curves) are associated with changes
in the intrinsic X-ray luminosity or spectral index.

Many of the CL AGN presented herein also have light curves
available from wide-field, multi-epoch imaging surveys, both in the
optical (e.g. ZTF) and the IR (WISE; Wright et al. 2010). While these
data sets generally do not span the same temporal baseline as the BAT
light curves presented above, further data collection is ongoing and
will be valuable when seeking to understand more recent changes in
the BAT AGN sample. Understanding the optical light curves of the
complete sample of BAT-selected AGN will further help to select and
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classify variable AGN in future surveys such as the Vera C. Rubin
Observatory LSST (Ivezic et al. 2019).

5 CONCLUSIONS

We have identified eight new ‘changing-look’ events in low-redshift
AGN, using spectra from the combined first and second data releases
of BASS. We have focused on the most dramatic spectral transitions,
where broad Balmer lines completely appear or disappear between
different epochs. By combining with BASS AGN which were
previously known to display CL behaviour, we constructed a sample
of nine CL events where the change in optical type classification
has occurred during the first 157 months of Swift-BAT operations
(2004 December to 2017 December) and hence for which ultra-hard
X-ray light curves are available. Of these nine spectral transitions,
five display clear simultaneous changes in their ultra-hard X-ray flux
from BAT. This is consistent with a scenario where changes in the
accretion disc are driving the changes seen in the optical type, as
changing obscuration would need to be Compton-thick in every case
to explain the extent of the changes seen in the ultra-hard X-ray
emission.

The ultra-hard X-ray selection with Swift-BAT which was used to
define the BASS sample should be less biased to the optical emission
properties, leading to a parent sample which is less biased towards
any particular sub-class of CL behaviour. However, the subset of
BASS AGN with repeat spectra which was used as the basis of
this investigation includes observations from archival programmes
which were selected through other criteria. These observations
are heterogeneous with a range of aperture effects and different
calibration processes. Notwithstanding these limitations, we infer
a CL event rate of 0.7-6.2 per cent over ~15 yr time-scales in local
AGN, consistent with recent work in the literature.

The BASS DR2 is a comprehensive, multiwavelength effort to
understand the properties of a complete sample of low-redshift AGN,
making the BAT AGN sample an ideal test-bed to better understand
the physics of highly variable and changing-look AGN.

ACKNOWLEDGEMENTS

We thank the anonymous referee for a constructive report. MJT ac-
knowledges support from CONICYT (Fondo ALMA 31190036) and
a FONDECYT fellowship (Proyecto 3220516). CR acknowledges
support from FONDECYT (Iniciacion grant 11190831) and ANID
BASAL project FB210003. MJK acknowledges support from NASA
(ADAP award NNH16CTO03C). BT acknowledges support from the
European Research Council (ERC) under the European Union’s
Horizon 2020 research and innovation program (grant agreement
950533) and from the Israel Science Foundation (grant 1849/19).
FEB acknowledges support from the ANID Millennium Science
Initiative Program (ICN12_009), CATA-BASAL (ACE21000 and
FB210003) and FONDECYT Regular (1190818 and 1200495). AFR
acknowledges support from FONDECYT Postdoctorado Proyecto
3210157. KO acknowledges support from the Korea Astronomy
and Space Science Institute under the R&D program (Project
No. 2022-1-868-04) supervised by the Ministry of Science and
ICT and from the National Research Foundation of Korea (NRF-
2020R1C1C1005462). FR acknowledges support from PRIN MIUR
2017PH3WAT (‘Black hole winds and the baryon life cycle of galax-
ies’). RR thanks Conselho Nacional de Desenvolvimento Cientifico
e Tecnolégico (CNPq, Proj. 311223/2020-6, 304927/2017-1 and
400352/2016-8), Fundacdo de amparo a pesquisa do Rio Grande
do Sul (FAPERGS, Proj. 16/2551-0000251-7 and 19/1750-2),

MNRAS 518, 2938-2953 (2023)

20z Aienigad Lz uo Jasn QNN - Usple NelisIonun Aq ZL.GGZ89/8€62/2/8 | G/RI01HE/SEIU/WOD dNO"DlWSPED.//:SARY WOI) PAPEOJUMOQ


art/stac3279_f7.eps

2950 M. J. Temple et al.

Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES, Proj. 0001).

This research has made use of the NASA/IPAC Extragalactic
Data base (NED), which is funded by the National Aeronautics and
Space Administration and operated by the California Institute of
Technology.

DATA AVAILABILITY

The optical spectra presented in this article will be made available
from the BASS website! as part of BASS data releases. The Swifi-
BAT light curves presented in this article will be available from a
forthcoming publication led by A. Lien.

REFERENCES

Allen M. G., Dopita M. A., Tsvetanov Z. I., Sutherland R. S., 1999, ApJ, 511,
686

Antonucci R., 1993, ARA&A, 31, 473

Aretxaga L., Joguet B., Kunth D., Melnick J., Terlevich R. J., 1999, ApJ, 519,
L123

Barthelmy S. D. et al., 2005, Space Sci. Rev., 120, 143

Baumgartner W. H., Tueller J., Markwardt C. B., Skinner G. K., Barthelmy
S., Mushotzky R. F,, Evans P. A, Gehrels N., 2013, ApJS, 207, 19

Bellm E. C. et al., 2019, PASP, 131, 018002

Braito V., Reeves J. N., Gofford J., Nardini E., Porquet D., Risaliti G., 2014,
Apl, 795, 87

Caglar T. et al., 2020, A&A, 634, Al14

Cohen R. D., Rudy R. J., Puetter R. C., Ake T. B., Foltz C. B., 1986, ApJ,
311, 135

Collin-Souffrin S., Alloin D., Andrillat Y., 1973, A&A, 22, 343

De K., 2020, Transient Name Server Discovery Report, 2020-3485, 1

den Brok J. S. et al., 2022, ApJS, 261, 7

Denney K. D. et al., 2014, ApJ, 796, 134

Forster F. et al., 2020, Transient Name Server Discovery Report, 2020-1365,
1

Fremling C., 2020, Transient Name Server Discovery Report, 2020-3602, 1

Gehrels N. et al., 2004, ApJ, 611, 1005

Gezari S. et al., 2017, ApJ, 835, 144

Gezari S., 2021, ARA&A, 59, 21

Ghosh R., Laha S., Deshmukh K., Bhalerao V., Dewangan G. C., Chatterjee
R., 2022, ApJ, 937, 31

Gilli R., Maiolino R., Marconi A., Risaliti G., Dadina M., Weaver K. A.,
Colbert E. J. M., 2000, A&A, 355, 485

Giustini M., Proga D., 2019, A&A, 630, A9%4

Goodrich R. W., 1995, AplJ, 440, 141

Graham M. J. et al., 2020, MNRAS, 491, 4925

Green P. J. et al., 2022, ApJ, 933, 180

Guainazzi M., 2002, MNRAS, 329, L13

Guo H. et al., 2020, ApJ, 905, 52

Guolo M., Ruschel-Dutra D., Grupe D., Peterson B. M., Storchi-Bergmann
T., Schimoia J., Nemmen R., Robinson A., 2021, MNRAS, 508, 144

Hon W. J., Wolf C., Onken C. A., Webster R., Auchettl K., 2022, MNRAS,
511,54

Husemann B. et al., 2016, A&A, 593, L9

Ivezié, 7. et al., 2019, ApJ, 873, 111

Jiang J. et al., 2021, MNRAS, 501, 916

Jin J.-J., Wu X.-B., Feng X.-T., 2022, Apl, 926, 184

Jones D. H. et al., 2004, MNRAS, 355, 747

Kakkad D. et al., 2022, MNRAS, 511, 2105

Kollatschny W. et al., 2020, A&A, 638, A91

Kollatschny W., Bischoff K., Dietrich M., 2000, A&A, 361, 901

Kollatschny W., Fricke K. J., 1985, A&A, 146, L11

Uhttps://www.bass-survey.com

MNRAS 518, 2938-2953 (2023)

Kollmeier J. A. et al., 2017, preprint (arXiv:1711.03234)

Kormendy J., Ho L. C., 2013, ARA&A, 51, 511

Koss M. et al., 2017, AplJ, 850, 74

Koss M. J. et al., 2016, ApJ, 825, 85

Koss M. J. et al., 2022a, ApJS, 261, 1

Koss M. J. et al., 2022b, ApJS, 261, 2

Koss M. J. et al., 2022¢, ApJS, 261, 6

LaMassa S. M. et al., 2015, ApJ, 800, 144

Lena D., Robinson A., Storchi-Bergmann T., Couto G. S., Schnorr-Miiller
A., Riffel R. A., 2016, MNRAS, 459, 4485

Liu H., Wu Q., Lyu B., 2022, AplJ, 930, 46

Lépez-Navas E. et al., 2022, MNRAS, 513, L57

Lyu B., Yan Z., Yu W., Wu Q., 2021, MNRAS, 506, 4188

MacLeod C. L. et al., 2019, ApJ, 874, 8

Malkov Y. F, Pronik V. L., Sergeev S. G., 1997, A&A, 324, 904

Marchese E., Braito V., Della Ceca R., Caccianiga A., Severgnini P., 2012,
MNRAS, 421, 1803

Marcotulli L. et al., 2022, ApJ, preprint (arXiv:2209.09929)

Marin F., Porquet D., Goosmann R. W., Dov¢iak M., Muleri F., Grosso N.,
Karas V., 2013, MNRAS, 436, 1615

Masci F. J. et al., 2019, PASP, 131, 018003

Mathur S. et al., 2018, ApJ, 866, 123

Matt G., Guainazzi M., Maiolino R., 2003, MNRAS, 342, 422

McElroy R. E. et al., 2016, A&A, 593, L8

Mejia-Restrepo J. E. et al., 2022, ApJS, 261, 5

Mondal S., Adhikari T. P., Hryniewicz K., Stalin C. S., Pandey A., 2022,
A&A, 662, AT7

Morris S. L., Ward M. J., 1988, MNRAS, 230, 639

Mushotzky R. F., 1982, ApJ, 256, 92

Narayan R., Yi L., 1995, ApJ, 452, 710

Noda H., Done C., 2018, MNRAS, 480, 3898

Oh K. etal., 2018, ApJS, 235, 4

Oh K. et al., 2022, ApJS, 261, 4

Oknyansky V. L. et al., 2017, MNRAS, 467, 1496

Oknyansky V. L. et al., 2021, MNRAS, 505, 1029

Oknyansky V. L., Winkler H., Tsygankov S. S., Lipunov V. M., Gorbovskoy
E. S., van Wyk F,, Buckley D. A. H., Tyurina N. V., 2019, MNRAS, 483,
558

Oknyansky V., 2022, Astron. Nachr., 343, €210080

Onori F. et al., 2017, MNRAS, 464, 1783

Osterbrock D. E., 1981, AplJ, 249, 462

Paliya V. S. et al., 2019, ApJ, 881, 154

Parker M. L. et al., 2016, MNRAS, 461, 1927

Penston M. V., Perez E., 1984, MNRAS, 211, 33P

Raimundo S. I., Vestergaard M., Koay J. Y., Lawther D., Casasola V., Peterson
B. M., 2019, MNRAS, 486, 123

Ricci C. et al., 2016, ApJ, 820, 5

Ricci C. et al., 2017, ApJS, 233, 17

Ricci C. et al., 2020, ApJ, 898, L1

Ricci C. et al., 2021, ApJS, 255,7

Ricci C. et al., 2022b, ApJ, 938, 67

Ricci C., Ueda Y., Koss M. J., Trakhtenbrot B., Bauer F. E., Gandhi P., 2015,
Apl, 815,L13

Ricci F. et al., 2022a, ApJS, 261, 8

Ricci C., Trakhtenbrot B., 2022, preprint (arXiv:221105132R)

Risaliti G., Elvis M., Fabbiano G., Baldi A., Zezas A., 2005, ApJ, 623, L93

Ross N. P. et al., 2018, MNRAS, 480, 4468

Ruan J. J. et al., 2016, ApJ, 826, 188

Ruan J. J., Anderson S. F., Eracleous M., Green P. J., Haggard D.,
MacLeod C. L., Runnoe J. C., Sobolewska M. A., 2019, Apl,
883,76

Runco J. N. et al., 2016, ApJ, 821, 33

Schulz H., Komossa S., Schmitz C., Miicke A., 1999, A&A, 346, 764

Senarath M. R. et al., 2021, MNRAS, 503, 2583

Shapovalova A. L. et al., 2008, A&A, 486, 99

Shapovalova A. L. et al., 2019, MNRAS, 485, 4790

Shappee B. J. et al., 2014, ApJ, 788, 48

Shen Y., 2013, Bull. Astron. Soc. India, 41, 61

20z Aienigad Lz uo Jasn QNN - Usple NelisIonun Aq ZL.GGZ89/8€62/2/8 | G/RI01HE/SEIU/WOD dNO"DlWSPED.//:SARY WOI) PAPEOJUMOQ


http://dx.doi.org/10.1086/306718
http://dx.doi.org/10.1146/annurev.aa.31.090193.002353
http://dx.doi.org/10.1086/312114
http://dx.doi.org/10.1007/s11214-005-5096-3
http://dx.doi.org/10.1088/0067-0049/207/2/19
http://dx.doi.org/10.1088/1538-3873/aaecbe
http://dx.doi.org/10.1088/0004-637X/795/1/87
http://dx.doi.org/10.1051/0004-6361/201936321
http://dx.doi.org/10.1086/164758
http://dx.doi.org/10.3847/1538-4365/ac5b66
http://dx.doi.org/10.1088/0004-637X/796/2/134
http://dx.doi.org/10.1086/422091
http://dx.doi.org/10.3847/1538-4357/835/2/144
http://dx.doi.org/10.3847/1538-4357/ac887e
http://dx.doi.org/10.1051/0004-6361/201833810
http://dx.doi.org/10.1086/175256
http://dx.doi.org/10.1093/mnras/stz3244
http://dx.doi.org/10.3847/1538-4357/ac743f
http://dx.doi.org/10.1046/j.1365-8711.2002.05132.x
http://dx.doi.org/10.3847/1538-4357/abc2ce
http://dx.doi.org/10.1093/mnras/stab2550
http://dx.doi.org/10.1093/mnras/stab3694
http://dx.doi.org/10.1051/0004-6361/201629245
http://dx.doi.org/10.3847/1538-4357/ab042c
http://dx.doi.org/10.1093/mnras/staa3737
http://dx.doi.org/10.3847/1538-4357/ac410c
http://dx.doi.org/10.1111/j.1365-2966.2004.08353.x
http://dx.doi.org/10.1093/mnras/stac103
http://dx.doi.org/10.1051/0004-6361/202037897
https://www.bass-survey.com
http://arxiv.org/abs/1711.03234
http://dx.doi.org/10.1146/annurev-astro-082708-101811
http://dx.doi.org/10.3847/1538-4357/aa8ec9
http://dx.doi.org/10.3847/0004-637X/825/2/85
http://dx.doi.org/10.3847/1538-4365/ac6c8f
http://dx.doi.org/10.3847/1538-4365/ac6c05
http://dx.doi.org/10.3847/1538-4365/ac650b
http://dx.doi.org/10.1088/0004-637X/800/2/144
http://dx.doi.org/10.1093/mnras/stw896
http://dx.doi.org/10.3847/1538-4357/ac5fa5
http://dx.doi.org/10.1093/mnrasl/slac033
http://dx.doi.org/10.1093/mnras/stab1581
http://dx.doi.org/10.3847/1538-4357/ab05e2
http://dx.doi.org/10.1111/j.1365-2966.2012.20445.x
http://arxiv.org/abs/2209.09929
http://dx.doi.org/10.1093/mnras/stt1677
http://dx.doi.org/10.1088/1538-3873/aae8ac
http://dx.doi.org/10.3847/1538-4357/aadd91
http://dx.doi.org/10.1046/j.1365-8711.2003.06539.x
http://dx.doi.org/10.1051/0004-6361/201629102
http://dx.doi.org/10.3847/1538-4365/ac6602
http://dx.doi.org/10.1051/0004-6361/202243084
http://dx.doi.org/10.1093/mnras/230.4.639
http://dx.doi.org/10.1086/159886
http://dx.doi.org/10.1086/176343
http://dx.doi.org/10.1093/mnras/sty2032
http://dx.doi.org/10.3847/1538-4365/aaa7fd
http://dx.doi.org/10.3847/1538-4365/ac5b68
http://dx.doi.org/10.1093/mnras/stx149
http://dx.doi.org/10.1093/mnras/stab1138
http://dx.doi.org/10.1093/mnras/sty3133
http://dx.doi.org/10.1002/asna.20210080
http://dx.doi.org/10.1093/mnras/stw2368
http://dx.doi.org/10.1086/159306
http://dx.doi.org/10.3847/1538-4357/ab2f8b
http://dx.doi.org/10.1093/mnras/stw1449
http://dx.doi.org/10.1093/mnras/211.1.33P
http://dx.doi.org/10.1093/mnras/stz852
http://dx.doi.org/10.3847/0004-637X/820/1/5
http://dx.doi.org/10.3847/1538-4365/aa96ad
http://dx.doi.org/10.3847/2041-8213/ab91a1
http://dx.doi.org/10.3847/1538-4365/abe94b
http://dx.doi.org/10.3847/1538-4357/ac8e67
http://dx.doi.org/10.1088/2041-8205/815/1/L13
http://dx.doi.org/10.3847/1538-4365/ac5b67
http://arxiv.org/abs/221105132R
http://dx.doi.org/10.1086/430252
http://dx.doi.org/10.1093/mnras/sty2002
http://dx.doi.org/10.3847/0004-637X/826/2/188
http://dx.doi.org/10.3847/1538-4357/ab3c1a
http://dx.doi.org/10.3847/0004-637X/821/1/33
http://dx.doi.org/10.1093/mnras/stab393
http://dx.doi.org/10.1051/0004-6361:20079111
http://dx.doi.org/10.1093/mnras/stz692
http://dx.doi.org/10.1088/0004-637X/788/1/48

Stern D. et al., 2018, ApJ, 864, 27

Stone N. C., Metzger B. D., 2016, MNRAS, 455, 859

Stone N. C., Vasiliev E., Kesden M., Rossi E. M., Perets H. B., Amaro-Seoane
P, 2020, Space Sci. Rev., 216, 35

Tohline J. E., Osterbrock D. E., 1976, ApJ, 210, L117

Trakhtenbrot B. et al., 2019, ApJ, 883, 94

Trippe M. L., Crenshaw D. M., Deo R. P., Dietrich M., Kraemer S. B., Rafter
S. E., Turner T.J., 2010, ApJ, 725, 1749

Urry C. M., Padovani P., 1995, PASP, 107, 803

Vasudevan R. V., Fabian A. C., 2009, MNRAS, 392, 1124

Veilleux S., Shopbell P. L., Miller S. T., 2001, AJ, 121, 198

Venturi G. et al., 2018, A&A, 619, A74

Wamsteker W., Alloin D., Pelat D., Gilmozzi R., 1985, ApJ, 295, L33

Wang T. G., Zhou H. Y., Grupe D., Yuan W., Dong X. B., Lu H. L., 2009, AJ,
137, 4002

Wright E. L. et al., 2010, AJ, 140, 1868

Yang J. et al., 2021, MNRAS, 503, 3886

Yang Q. et al., 2018, ApJ, 862, 109

Yuan F,, Narayan R., 2014, ARA&A, 52, 529

Zeltyn G. et al., 2022, ApJ, 939, L16

APPENDIX A: VISUAL INSPECTION

In this appendix, we discuss examples of BASS AGN from our
parent sample with multiple epochs of spectroscopy which were
not identified as CL AGN in our visual inspection process. The
instruments used to obtain these spectra are given in Table Al.

The vast majority of our parent sample are consistent with no
intrinsic changes in their spectral features. Some small fraction of
these show apparent changes in their emission line strengths which
could be due to different instrumental resolutions, aperture sizes, or
flux calibration procedures. We show three of the clearest examples
of such effects in Fig. Al. There are also a small number of objects
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Table A1. Summary of the BASS spectra for the seven objects discussed in
Appendix A.

BAT ID Counterpart name Observation dates Instruments
BAT 135 ESO416-G 002 2001-11-21 AAO/6dF
2017-06-24 VLT/Xshooter
2021-12-12 Magellan/MagE
BAT 150 2011-06-01 Perkins/DeVeny
2MASX J02502722+4647295
2018-09-09 Palomar/DBSP
2019-08-29 Palomar/DBSP
BAT 155 LEDA 90641 2011-09-29 SPM/BC
2017-08-31 Palomar/DBSP
BAT 235 1RXS J044154.5— 1994-06-10 MPG/EFOSC2
082639
2020-11-12 Palomar/DBSP
BAT 301 ESO424-12 2008-12-03 SPM/BC
2013-11-23 VLT/Xshooter
2013-12-11 VLT/Xshooter
BAT 607 NGC4235 2005-01-16 APO/SDSS
2015-05-13 VLT/Xshooter
BAT 862 2004-06-21 APO/SDSS
SDSSJ170859.13+215308.1
2020-10-23 Palomar/DBSP

where the strength of the broad Balmer emission line appears to
change, and we show three examples in Fig. A2. As discussed in
the main text, we only include objects which show the complete
appearance or disappearance of a broad line in our CL AGN sample,
where it is much more likely that the observed change in the line
properties is not due to instrumental effects.
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Figure A1. Example flux density spectra for BASS AGN which do not show conclusive evidence for changes in their Balmer emission. The majority of our
parent sample, like BAT 150 in the top panel, show no change in their apparent emission line properties. Below we show examples where apparent changes in
the Balmer line strengths could be explained by aperture effects (BAT 155), varying spectral resolution (BAT 235), or a combination of both (BAT 301). Such
objects were also removed as CL AGN candidates during visual inspection. As in Fig. 3, counts have been normalized using the median flux density across each
spectral window and dotted lines show the rest-frame wavelengths of Balmer H 8 14861 and Ho A6563.
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Figure A2. Flux density spectra for three BASS AGN which show evidence for changing Balmer emission morphologies, but which are not included in our
final CL sample. BAT 135 appears to show dramatic change between 2001 and 2017, but the 2001 November spectrum is from the 6dF Galaxy Survey and has
somewhat uncertain flux calibration (Jones et al. 2004), especially around H« in the red end of the spectrograph. The 2017 June and 2021 December spectra
from BASS both show evidence for a very broad, albeit weak, base to the Ha emission. BAT 607 and BAT 862 show changes in the strength and velocity
structure of their Balmer emission, but broad Ho and H 8 are present in all epochs and so these objects do not meet our CL criteria for a complete appearance
or disappearance of broad line emission. As in Fig. 3, counts have been normalized using the median flux density across each spectral window and dotted lines
show the rest-frame wavelengths of Balmer H § 14861 and H o 16563.
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