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Abstract

Context. Broad emission lines in the UV/optical spectra of changing-look active galactic nuclei (CLAGNs) appear and disappear on timescales of months to decades.

Aims. We investigate how changing-look (CL) transitions depend on several active galactic nucleus (AGN) parameters, such as the accretion rate, obscuration properties, and black hole mass.

Methods. We studied a sample of 20 nearby optically identified CLAGNs from the BAT AGN Spectroscopic Survey (BASS) using quasi-simultaneous optical and X-ray observations taken in the last ∼40 years.

Results. We find that for all CLAGNs, the transition is accompanied by a change in the Eddington ratio. The CL transitions are not associated with changes in the obscuration properties of the AGNs. CLAGNs are found to have a median Eddington ratio lower than that of the AGNs in the BASS sample in which CL transitions were not detected. The median transition Eddington ratio (the Eddington ratio at which an AGN changes its state) is found to be ∼0.01 for type 1 ↔ 1.8, 1.9, and 2 transitions, which is consistent with the hard ↔ soft state transition in black hole X-ray binaries. Most CL events are constrained to have occurred within 3–4 years, which is considerably shorter than the expected viscous timescale in AGN accretion disks.

Conclusions. The transitions of the optical CLAGNs studied here are likely associated with state changes in the accretion flow, possibly driven by disk instability.
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1. Introduction
Active galactic nuclei (AGNs) are powered by the accretion of matter onto supermassive black holes (SMBHs) located at the center of galaxies (e.g., Rees 1988). In the optical/UV, AGNs are generally classified as either type 1 or type 2. Type 1 AGNs show both broad emission lines (BELs; full widths at half maximum > 1000 km s−1) originating in the broad line region (BLR) and narrow emission lines (NELs; full widths at half maximum < 1000 km s−1) originating in the narrow line region (NLR). Type 2 AGNs show only NELs in their UV/optical spectra. Depending on the strength of the BELs, finer classifications (type 1.5, 1.8, and 1.9) can be used (e.g., Osterbrock 1981; Winkler 1992). In X-rays, on the other hand, AGNs are classified based on their obscuration properties, and in particular by their line-of-sight hydrogen column density (NH). AGNs are usually defined as obscured if NH > 1022 cm−2 and unobscured if NH < 1022 cm−2. Furthermore, obscured AGNs can be divided into Compton-thick (CT; NH > 1024 cm−2) and Compton thin (NH < 1024 cm−2) categories.
Generally, type 1 AGNs are found to be unobscured and type 2 AGNs obscured (e.g., Awaki et al. 1991; Koss et al. 2017; Ricci et al. 2017a; Oh et al. 2022). The full width at half maximum of the emission lines is in good agreement with the X-ray obscuration, with type 1–1.8 AGNs having NH < 1021.9 cm−2 and type 2 AGNs having NH > 1021.9 cm−2; however, type 1.9 AGNs show a range of NH (Koss et al. 2017, 2022b). These different classes of AGNs can be explained by the simplified AGN unification model (UM), which is based on the orientation with respect to an anisotropic absorber (e.g., Urry & Padovani 1995; Antonucci 1993; Netzer 2015; Ramos Almeida & Ricci 2017). According to this scheme, type 1s are observed face-on, with the BLR and the NLR visible to the observer, while type 2s are observed edge-on, with the sightline to the BLR blocked by the obscuring material, which leaves only the NLR directly visible to the observer. The intermediate classes of AGNs (type 1.5, 1.8, and 1.9) are thought to be seen through the edge of the obscuring material, where the gas is not optically thick enough to block the entire BLR (e.g., Antonucci 1993; Goodrich 1995; Runco et al. 2016). While the UM provides a good first-order explanation for the different AGN populations, over the past few decades it has been shown that several additional parameters, such as the covering factor of obscuring materials and the accretion rate, can affect the probability of an AGN being observed as obscured or unobscured (e.g., Elitzur & Ho 2009; Ricci et al. 2017b, 2023).
Changing-look AGNs (CLAGNs) show drastic optical and X-ray spectral variability on timescales that range from hours to years and can be generally divided into two classes (see Ricci & Trakhtenbrot 2023, for a recent review). In the UV/optical, CLAGNs transition from type 1 to type 2, or vice versa, on timescales of months to decades. Most of these objects can be considered “changing-state” AGNs (CSAGNs). In X-rays, a different kind of changing-look (CL) event is typically observed. In these objects, the NH show rapid variability on a timescale of hours to years. We refer to these objects as “changing-obscuration” AGNs (COAGNs).
Over the years, many AGNs, such as NGC 1566 (Oknyansky et al. 2019), NGC 3516 (Ilić et al. 2020), Mrk 1018 (Cohen et al. 1986), and Mrk 590 (Shappee et al. 2014), have been found to show CL transitions on a timescale of months to decades. Many of those sources had undergone such transitions more than once. For example, Mrk 1018 entered the type 1.9 state in 1984 (Cohen et al. 1986) and re-brightened again to transition to a type 1 state in 2008 (Shappee et al. 2014). NGC 1566 underwent CL transitions several times in the past 60 years, going between type 1 and type 1.8–1.9 (Shobbrook 1966; Pastoriza & Gerola 1970; Alloin et al. 1986; Baribaud et al. 1992; Oknyansky et al. 2020). NGC 4151 was initially identified as type 1 AGN in the 1970s, but it transitioned to a type 1.8–1.9 state in the 1980s with the disappearance of the broad lines (Osterbrock 1981; Shapovalova et al. 2010). Later, the source transitioned back to a type 1 state as it regained the broad lines. In addition to the local Seyfert galaxies, several higher-redshift quasars have been found to undergo CL transitions (e.g., LaMassa et al. 2015; Merloni et al. 2015; MacLeod et al. 2016). Recently, Zeltyn et al. (2024) identified 116 CLAGNs with repeated spectroscopic observations in the first-year data of the Sloan Digital Sky Survey V (SDSS-V), of which 107 are newly identified CLAGNs. This is the largest sample of CLAGNs reported to date.
The origin of the changing-state (CS) and changing-obscuration (CO) events is still unclear, and many models have been proposed to explain them. Generally, COAGNs are linked to obscuration associated with the clumpiness of the BLR or the circumnuclear molecular dusty gas and dust (e.g., Nenkova et al. 2008a,b; Yaqoob et al. 2015; Ricci et al. 2016; Jana et al. 2020, 2022). CSAGNs are believed to be caused by the change in the accretion rate, which is attributed to local disk instabilities (Stern et al. 2018; Noda & Done 2018) or major disk perturbation, such as tidal disruption events (TDEs; e.g., Merloni et al. 2015; Ricci et al. 2020).
Some CS events have been explained by moving gas clouds and dust that attenuate the BLR emission (e.g., Goodrich 1989, 1995; Zeltyn et al. 2022). However, various problems arise when explaining CS events with obscuration. One needs a large dusty cloud to cover the BLR efficiently, which would take tens of years, assuming reasonable cloud velocity (e.g., LaMassa et al. 2015). However, many CS transitions are observed on a much shorter timescale of months to years (e.g., Denney et al. 2014; Trakhtenbrot et al. 2019; Oknyansky et al. 2019). Additionally, the signature of the obscuration is not observed in the X-ray spectra during or after the transitions (e.g., Denney et al. 2014). In fact, many CSAGNs show the same level of obscuration before and after the transition. Furthermore, many CSAGNs are found to be unobscured, ruling out obscuration as a reason for CS events (e.g., Lyu et al. 2021; Jana et al. 2021). The optical continuum flux also changes with the BEL flux, indicating the accretion flow is a reason for the CS transitions (e.g., Ricci & Trakhtenbrot 2023). A few AGNs, such as NGC 1365 and NGC 7582, showed both CS and CO transitions in the past (e.g., Risaliti et al. 2007; Temple et al. 2023b; Neustadt et al. 2023). However, those transitions are not correlated and are observed on different timescales, indicating independent transitions. Polarimetric studies also suggest that CS transitions are likely not due to changes in the obscuration properties of the source (e.g., Marin 2017; Hutsemékers et al. 2019, 2020).
The BEL flux responds to changes in the ionizing luminosity, which is evident from reverberation studies (e.g., Blandford & McKee 1982; Peterson 1993; Runco et al. 2016; Fonseca Alvarez et al. 2020; Feng et al. 2021a; Oknyansky et al. 2023a). The appearance and disappearance of BELs are examples of the extreme variability of the BLR. In the disk-wind model, the BLR could originate from outflows produced by the accretion disk, which directly connects BELs with the accretion rate (e.g., Emmering et al. 1992; Nicastro 2000; Elitzur & Ho 2009; Temple et al. 2023a). In this framework, the BLR would not be sustained below a certain luminosity, Lcrit < 2.3 × 1040 M82/3 erg s−1 (M8 is the black hole mass in 108 M⊙; Elitzur & Ho 2009). This model suggests that the AGN would follow the transition sequence as type 2 → 1.8, 1.9 → 1.2, 1.5 → 1.0, with an increasing accretion rate (Elitzur 2012; Elitzur et al. 2014).
Local disk instabilities in the accretion disk could also explain CS events (Noda & Done 2018; Sniegowska et al. 2020). The instabilities can be triggered by various mechanisms on different timescales (e.g., Ricci & Trakhtenbrot 2023). In Mrk 1018, the CS transition is explained with the disk instability model (Noda & Done 2018). The CS transition is linked with the soft excess, which is believed to ionize the gas clouds in the BLR. In Mrk 1018, the BEL disappeared when the Eddington ratio (λEdd) decreased from ∼0.08 to ∼0.006, with the primary continuum and soft excess flux reduced by a factor of ∼60 and ∼7, respectively. This transition is tied with the soft-to-hard spectral state transition, similar to black hole X-ray binaries (BHXBs), which occurs at λEdd ≃ 0.01 − 0.02 (e.g., Maccarone 2003; Done et al. 2007; Yang et al. 2015). Similar behavior is also found in other CSAGNs (e.g., Ai et al. 2020; Ruan et al. 2019).
The timescale of CSAGNs is a concerning factor when comparing it with state transitions in BHXBs. Simple mass-scaling relations indicate the viscous timescale for AGNs with masses of ∼106 − 8 M⊙ would be ∼104 − 6 years. However, the timescale would shorten if the accretion disk of AGNs were radiation-pressure-driven, as opposed to the gas pressure-driven accretion disk in BHXBs (Noda & Done 2018). The inclusion of magnetic fields would further shorten the timescale (Feng et al. 2021b). Additionally, various instability mechanisms are suggested to explain the timescale of CS transitions (e.g., Sheng et al. 2017; Sniegowska et al. 2020; Scepi et al. 2021).
Some CSAGNs are associated with external perturbation, such as TDEs. In the CS quasar SDSS J0159+0033, a TDE is believed to have caused the CS transition (Merloni et al. 2015). In the local Universe, the CS transition in 1ES 1927+654 is also found to be caused by a TDE (Trakhtenbrot et al. 2019; Ricci et al. 2020). The CL event in the narrow line Seyfert galaxy SDSS J015804.75–005221.8 is may also be associated with a TDE (Petrushevska et al. 2023).
Temple et al. (2023b) find that a majority of CLAGNs with Swift-BAT light curves showed clear changes in their 14–195 keV X-ray flux at the same time as the change in optical type. This suggests that the majority of CL events in local AGNs are not due to changes in obscuration but must instead be driven by changes in the accretion state. However, detailed spectral modeling across the full X-ray energy range is needed to confirm this, which is one aim of this work.
In this paper we investigate how the optically identified CL transitions depend on several AGN parameters, such as the accretion rate (in terms of λEdd), obscuration (in terms of NH), and black hole mass. Additionally, we provide constraints on the timescale of the CL transitions based on long-term observations. For this purpose, we studied a sample of 20 optically identified CLAGNs using archival quasi-simultaneous optical and X-ray observations taken in the last ∼40 years. In Sect. 2 we present our sample and measurements. In Sect. 3 we present the results of our analysis. In Sect. 4 we discuss our findings. Finally, in Sect. 5 we summarize our results. Throughout the paper, we use Λ cold dark matter cosmology, with the H0 = 70 km s−1 Mpc−1, ΩM = 0.3, and ΩΛ = 0.7.
2. Data and analysis
2.1. Sample selection
We collected our sample of optical CLAGNs from the BAT AGN Spectroscopic Survey (BASS1). Temple et al. (2023b) reported 21 CLAGNs by inspecting multi-epoch optical spectra from BASS DR1 (Koss et al. 2017) and DR2 (Koss et al. 2022a). Of these 21 sources, eight AGNs were reported to be CLAGNs for the first time. To expand our sample, we conducted an extensive literature search of Swift/BAT AGNs. This search revealed an additional 15 CLAGNs that had shown transitions in the last 50 years. Consequently, the total number of optical CLAGNs in our sample increased to 36. All the sources have multi-epoch X-ray observations from the HEASARC data archive2.
Next, we checked if those sources have quasi-simultaneous optical observations with the X-ray observations available in different optical states. We considered quasi-simultaneous observations if the optical and X-ray observations were taken within one year of each other. In this way, our sample is reduced to 20 sources: 16 sources from Temple et al. (2023b) and four CLAGNs from the literature search. The details of the sample are tabulated in Table A.1.
2.2. Optical data and classification
We collected the optical data from the literature. The details of the selected optical observation are presented in Appendix C. We primarily collected information on the optical spectral state from the literature. The optical classifications were based on the scheme of Osterbrock (1981) and Winkler (1992), which is based on the variable flux of Hβ BEL. The classifications are based on the ratio of the fluxes of Hβ BEL and [OIII] NEL (i.e., R =f(Hβ)/f(OIII))as follows:

	
Type - 1: R > 2



	
Type - 1.5: R ∼ 0.33 − 2



	
Type - 1.8: R < 0.33



	
Type - 1.9: No BEL Hβ, Hα BEL.



	
Type - 2: No BELs.




When BEL Hβ and NEL [OIII] flux were available, we calculated the ratio to identify the optical state. When it was not available, we used the classification from the literature.
We note that the optical classifications are not always straightforward, especially when the BELs are weak (type 1.8 or 1.9). Identifying spectral states in historical data, particularly those classified as type 1.8 or 1.9, can indeed be challenging due to issues like poor signal-to-noise ratio (S/N) and spectral resolution. In a low flux state (type 1.8 or 1.9), the BEL flux are often overestimated, which led to misclassification of the state (e.g., Trippe et al. 2010). The type 1–1.5s states show strong BELs and continuum emission and are easily distinguishable from the type 1.8–2.0 states. In this work, we considered type 1–1.5 states as type 1 states.
2.3. Black hole masses
The mass of SMBHs in AGNs has been estimated using BELs and virial prescription. Often, different methods give a different mass value for a particular AGN. Moreover, the CLAGNs are variable; hence, the question arises if the BLR of these CLAGNs are virialized or if CLAGNs follow the same scaling relation as other AGNs. Hence, it is necessary to use the mass value from the literature carefully. Jin et al. (2022) showed that virial estimation of MBH in the brightest epoch (type 1) is consistent with the MBH − σ* estimation in the faint epochs (type-2) for 26 CLAGNs, suggesting the CLAGNs and AGNs follow the same virial scaling relation. Caglar et al. (2023) showed that single epoch virial mass estimation is consistent with the MBH − σ* estimation for type-1 AGNs in BASS, and single epoch measurement are systematically lower by ≃0.12 dex.
In this work, we use the black hole mass from the BASS DR1 or DR2 catalog for 19 sources in our sample (Koss et al. 2017, 2022a). The mass estimation is taken from (i) literature measurements with mega-masers, reverberation mapping, or stellar and gas dynamics; (ii) Hβ or Hα BELs if NH < 1022 cm−2 (from Mejía-Restrepo et al. 2022; iii) Stellar velocity dispersion measurements for all Sy1.9 and Sy2 AGNs (from Koss et al. 2022b), using MBH − σ* relation (from Kormendy & Ho 2013). The mass of NGC 2617 was not available in BASS DR1 or DR2; therefore, we collected the MBH for NGC 2617 from the latest reverberation mapping measurement (Feng et al. 2021a).
2.4. X-ray data analysis
In this work we mainly relied on the X-ray analyses from the literature. However, there are many instances when quasi-simultaneous X-ray observations are available but have yet to be published. We reduced and analyzed those X-ray data, obtained by Swift/XRT, and XMM-Newton. In total, we analyzed 99 observations for 17 sources in the current study. The data reduction technique is described in Appendix B.1.
The X-ray spectra contain several components: primary continuum, soft excess below 2 keV, and reprocessed emission, which consists of a Fe Kα line at ∼6.4 keV and a reflection hump at ∼10 − 40 keV (e.g., Ricci et al. 2017a, 2018a). For the Swift/XRT and XMM-Newton spectra in the 0.5 − 10 keV energy range, we used an absorbed power law model. We used two absorption components; one is for the Galactic absorption, which is fixed at the Galactic absorption value at the source direction. The Galactic absorption is estimated using NH tools from FTOOLS (HI4PI Collaboration 2016)3. The second component is used for the intrinsic source absorption. We used PHABS model for both absorptions components, with ANGR abundances (Anders & Grevesse 1989), and VERNER cross section (Verner et al. 1996). We added a Gaussian line for the Fe Kα line at 6.4 keV and a blackbody component for the soft excess if required.
The spectral analysis is carried out in HEASARC’s spectral analysis software XSPEC4. We obtained a good fit in all spectra, with χ2/degrees of freedom ∼1. From the X-ray data analysis, we obtained the unabsorbed luminosity (LX) and line of sight hydrogen column density (NH). Using the CLUM task, we calculated unabsorbed luminosity in the 2 − 10 keV energy range. The result of the important spectral parameters is tabulated in Appendix C.
2.5. X-ray luminosity
We considered absorption-corrected X-ray luminosity in the 2 − 10 keV energy range. The 2 − 10 keV luminosity (LX) is obtained from the literature or the spectral analysis. We only considered the luminosity of the primary continuum emission, which is thought to originate in the X-ray corona (e.g., Titarchuk 1994; Chakrabarti & Titarchuk 1995; Done et al. 2007).
We considered a Hubble constant H0 = 70 km s−1 Mpc−1 in the present paper; however, in the literature, various values of H0 are considered. We converted those luminosities to the appropriate luminosity consistent with the cosmological parameters used in the present work. When the unabsorbed X-ray flux (FX) was available in the 2 − 10 keV energy range, we calculated the luminosity using, [image: equation]. Here, dL and Γ are the luminosity distance of the source and photon index of the spectra, respectively. When the 2 − 10 keV unabsorbed flux was not available, we estimated the 2 − 10 keV unabsorbed flux using WEBPIIMS5 tool, with the corresponding NH and the Γ, assuming an absorbed power law continuum. When Γ was not reported, we assumed Γ = 1.8 for the simulation. In this way, we estimated 2 − 10 keV unabsorbed flux for 23 observations for 13 sources when Γ was not available.
2.6. Bolometric correction and Eddington ratio
Once we calculated the LX, we converted it to the bolometric luminosity (Lbol) using bolometric correction factors (kbol). We used Eddington ratio-dependent bolometric correction from Gupta et al. (in prep.). The 2 − 10 keV bolometric correction factor is given by
log kbol = C × (log λEdd)2 + B × log λEdd + A.
Here, C = 0.054 ± 0.034, B = 0.309 ± 0.095 and A = 1.538 ± 0.063. We obtained the Eddington ratios as λEdd = kbol × LX/LEdd = Lbol/LEdd, where LEdd = 1.3 × 1038(MBH/M⊙) erg s−1.
3. Results
3.1. The relation between spectral state and Eddington ratio
The CLAGNs in our sample have been observed across multiple epochs in both the X-ray and optical wavebands, providing us with information on how these sources evolve over time. However, to ensure consistency in our analysis, we focus only on the epochs where quasi-simultaneous observations (< 1 years) in both wavebands were obtained. This approach helps minimize the effects of variability, ensuring that the comparison between X-ray and optical properties reflects the true spectral state of the source.
Figure 1 displays the variation of the Eddington ratio (λEdd) with the spectral state for each CLAGN in our sample. Our analysis reveals a significant correlation between the optical spectral state and the Eddington ratio for all 20 sources. Specifically, we observe that the CL transitions between type 1 and type 2 states are tightly linked to changes in their accretion rates. When the Eddington ratio increases, the AGNs tend to transition toward a type 1 state, characterized by stronger BELs and brighter continuum emission. Conversely, when the Eddington ratio decreases, the sources tend to transition toward a type 2 state, where BELs are weaker or absent, and the continuum is dimmer. This pattern indicates that the accretion rate plays a crucial role in driving the CL phenomenon, with higher accretion rates leading to the type 1 state and lower accretion rates leading to the type 2 state.
	[image: thumbnail]	Fig. 1. Distribution of λEdd with the spectral states for each source. The horizontal dashed red lines in each panel represent the transition Eddington ratio ([image: equation]) for each source except NGC 2992. NGC 2992 did not show a transition between type 1 and type 1.8–2 states.



To quantify this relationship further, we calculate both the mean and median values of the Eddington ratio (λEdd) for each spectral state. This is shown in Fig. 2, where the blue circles represent the median values of λEdd at each state. A clear trend is observed in the figure: both the mean and median Eddington ratios increase as the CLAGNs transition toward the type 1 state and decrease as they transition toward the type 2 state. The mean and median Eddington ratios for each spectral state are provided in Table 1.
	[image: thumbnail]	Fig. 2. Median Eddington ratio in each spectral state. The blue circles represent the median λEdd for CLAGNs. The orange diamonds represent the median λEdd for the other AGNs from the BASS sample for which CL transitions were not detected.



Table 1. 
Mean and median Eddington ratio (λEdd) and hydrogen column density (NH) for CLAGNs and other AGNs from BASS for which CL transitions have not been detected.

3.2. Relation between spectral state and X-ray obscuration
The obscuration of AGNs is commonly characterized by the line-of-sight hydrogen column density (NH) along the line of sight. In Fig. 3 we examine the variation of NH as a function of the optical spectral state for each source in our sample. Interestingly, we did not see any a clear correlation between the spectral state and NH for most of the sources. Our results suggest that obscuration is not the dominant factor for the majority of the AGNs in our sample.
	[image: thumbnail]	Fig. 3. Variation in NH as a function the spectral state for our sample. In NGC 526A, NGC 7603, and HE 1136–2304, the NH value is only available for type 2, type 1.8, and type 1.0 states, respectively.



A notable exception to this trend is NGC 1365, for which we observe an intriguing behavior. This source appeared to transition into a type 2 state while simultaneously being in a CT X-ray state, characterized by an extremely high column density of obscuring material (NH > 1024 cm−2). However, NGC 1365 shows rapid NH variability on a timescale of days, which is not related to the optical state transitions. The detailed study found that the CL transition in this source is led by the change of accretion rate, not obscuration (see Sect. 4.2 for details).
To further analyze the role of obscuration in AGN transitions, we calculated the median values of NH for each spectral state. Figure 4 displays the median NH for type 1, type 1.8, type 1.9, and type 2.0 states. The blue circles represent the median NH for the CLAGNs at each spectral state. The median NH is found to be non-variable with respect to the spectral state. The mean and median values of NH for each spectral state are presented in Table 1. The median NH was found to be log(NH/cm2) = 21.35 ± 0.15 in type 1 states. For type 1.8, type 1.9, and type 2 states, the medians are log(NH/cm2) = 21.88 ± 0.14, 21.61 ± 0.08, and 22.32 ± 0.11, respectively.
	[image: thumbnail]	Fig. 4. Median NH in each spectral state. The blue circles and orange diamonds represent the CLAGNs in our sample and other AGNs from the BASS sample, respectively.



3.3. Distribution of spectral states
To further investigate the dependence of spectral state on both the λEdd and NH, we analyzed the distribution function of each spectral state as a function of these parameters. In Figure 5, we present the fraction of CLAGNs in different spectral states as a function of λEdd. To calculate these distributions, we divided the range of log λEdd from −0.5 to −3.5 into bins with a width of Δlog λEdd = 0.5. The fraction of CLAGNs in each spectral state within each bin was then calculated, providing insight into the behavior of AGNs across this range of accretion rates. The uncertainty in the fraction of CLAGNs for each spectral state was estimated using the 16th and 84th quantiles of a binomial distribution, following the method outlined by Cameron (2011).
	[image: thumbnail]	Fig. 5. Fraction of CLAGNs in different spectral states for different NH. The blue circles, orange squares, green diamonds, and red triangles represent the type 1, 1.8, 1.9, and 2.0 states, respectively.



The f1 displays a clear increase with λEdd, while f2 shows the opposite behavior. Neither f1.9 nor f1.8 showed any clear variation. The observed trend of a fraction of CLAGNs in each spectral state also shows that CLAGNs transition toward a type 1 state for increasing λEdd.
In Fig. 6 we examine the distribution of spectral states as a function of NH. Here, the range of log NH from 20.0 to 24.0 is divided into bins with a width of Δlog(NH/cm2) = 0.5. Similar to the Eddington ratio distribution, we calculated the fraction of CLAGNs in each spectral state within each bin.
	[image: thumbnail]	Fig. 6. Fraction of CLAGNs in different spectral states for different λEdd. The blue circles, orange squares, green diamonds, and red triangles represent the fraction of CLAGNs in type 1, type 1.8, type 1.9, and type 2 states, respectively.



With increasing log NH, we observe a decrease in the fraction of f1 and f1.8, suggesting that these states are more commonly associated with lower levels of obscuration. Interestingly, the fraction of f1.9 does not show any clear variation with NH. On the other hand, the fraction f2 increases with increasing NH, consistent with the idea that type 2 states are typically more heavily obscured than type 1 states. However, considering the uncertainties, the f1 and f2 remain constant with NH.
3.4. The transition Eddington ratio
In our sample of 20 optically identified CLAGNs, we observe that transitions between spectral states are driven primarily by changes in the accretion rate. To investigate the physical mechanism behind these transitions, we estimated the transition Eddington ratio ([image: equation]) for each spectral change in each source. The AGNs undergo transitions between spectral states at [image: equation].
The [image: equation] for each state transition is computed as follows: we first identify the range of Eddington ratios associated with the transition by determining the highest λEdd value of the lower state (type 2s) and the lowest λEdd value of the higher state (type 1s). The midpoint of this range is then considered as the transition Eddington ratio, [image: equation], for that specific transition. The uncertainty in [image: equation] is derived by calculating the difference between the highest or lowest values of the range and the mid-point.
To further quantify the transition points between spectral states, we estimate the median [image: equation], corresponding to different spectral state transitions. We estimated the median by applying the bootstrap method. For each bootstrap sample, the median was calculated. This process was repeated 1000 times to generate the distribution of medians. From this distribution, we calculated the median [image: equation] for each transition. In Fig. 7 we present [image: equation] for the various spectral state transitions observed in our CLAGN sample. The gray circles represent the individual [image: equation] values for each CL transition, while the red triangles indicate the median values of [image: equation] for each type of transition.
	[image: thumbnail]	Fig. 7. Transition Eddington ratio ([image: equation]) for different spectral state transitions. The gray circles represent the [image: equation] for individual objects, while the red triangles represent the median value of the [image: equation].



For transitions type 1 ↔ 1.8/1.9/2, we find that the median value of [image: equation] is −2.01 ± 0.16. This suggests that AGNs typically transition from a type 1 state to a type 1.8, 1.9, or 2 state when their accretion rate drops below [image: equation].
For the transitions, such as from type 1.8 ↔ 1.9/2 and from type 1.9 ↔ 2.0, the median values of [image: equation] are −2.50 ± 0.18 and −2.62 ± 0.19, respectively. Interestingly, the transition Eddington ratios for these states do not differ significantly, and the values are consistent within the uncertainties. It has been previously shown that the classifications of type 1.8, type 1.9, and type 2.0 AGNs can be somewhat ambiguous, due to the faintness of the BEL flux in these states (e.g., Trippe et al. 2008, 2010). The spectral lines in these states can be weak and difficult to distinguish, leading to potential misclassifications. As a result, type 1.8, type 1.9, and type 2 states may not always be correctly categorized, which could explain the similar [image: equation] values observed for transitions between these states. The median values of [image: equation] for each spectral state transition are provided in Table 2.
Table 2. 
Median transition Eddington ratio ([image: equation]).

4. Discussion
4.1. CLAGNs: Accretion versus obscuration
In our sample of 20 optically identified CLAGNs, we observed a clear correlation between the spectral state of each CLAGN and the Eddington ratio (see Fig. 1). We observed that CLAGNs tend to transition to a type 1 spectral state as the Eddington ratio increases, and conversely, they transition to a type 2 state as the Eddington ratio decreases. When we calculate the median λEdd at each spectral state, type 1s states are found to have a higher λEdd than type 2 states (Fig. 6). The distribution function f1 (fraction of CLAGNs in type 1 state) also shows a clear increase as a function of λEdd, indicating that AGNs are more likely to be in a type 1 state when their accretion rate is higher. Conversely, the fraction f2 demonstrates the opposite behavior, with the fraction of type 2 AGNs decreasing as the Eddington ratio increases. This indicates that AGNs are more likely to be in a type 2 state when their accretion rate is lower. This implies that the observed transitions in spectral characteristics are strongly tied to variations in the accretion rate, with AGNs transitioning between spectral states with the change in the accretion rate.
We also checked the relation between optical spectral state and X-ray obscuration for CLAGNs in our sample. No significant relation was detected between the spectral state and the line-of-sight column density (see Fig. 3). While the UM of AGNs posits that type 1 AGNs are typically unobscured (low NH) and type 2 AGNs are obscured (high NH), our results show that this relation does not hold for the majority of the CLAGNs in our sample. When we calculate the median NH at each spectral state, we did not find a significant variation of NH with the spectral state (see Fig. 4). The distribution of spectral state as a function of NH (relation between f1, f2 and NH) might suggest that the optical state could be related to NH (see Fig. 5). This would be consistent with the UM where type 1s are typically unobscured and type 2s are typically obscured. However, when we check how the spectral state changes with NH for individual sources (see Fig. 3), we clearly see that there is no relation between these two quantities for 19 of the 20 sources of our sample. Moreover, the changes in f1 and f2 with NH are within uncertainties, indicating that the optical state is not directly tied to the X-ray obscuration. Hence, consistent with the results of Temple et al. (2023b), there is no clear indication of NH being the driver of the CL transitions.
Instead, the CLAGNs in our sample appear to change their optical and X-ray properties due to intrinsic changes in the accretion flow rather than external factors such as varying obscuration or material along the line of sight. This behavior supports the idea that optically identified CLAGNs can be classified as CSAGNs, where the optical state transitions are directly linked with the variation of accretion flow around SMBHs.
4.2. CLAGNs with CS and CO transition
Two CLAGNs in our sample, NGC 1365 and NGC 7582, have undergone both CS and CO transitions (Risaliti et al. 2005; Piconcelli et al. 2007; Bianchi et al. 2009; Temple et al. 2023b). These two sources provide a unique opportunity to investigate the potential relationship between the CS and CO transitions. In our analysis, we explored whether the CS and CO transitions are connected.
NGC 1365. NGC 1365 was observed in the CT state in July 2010, and optical observations carried out in September 2010 revealed that the source was in a type 2 state, while accreting at log λEdd ∼ −1.56 (Brenneman et al. 2013). In December 2012, the source transitioned to a type 1.8 state (Lena et al. 2016). The X-ray observation found the source in a Compton thin state at this time, with increasing log λEdd ∼ −1.36 (Walton et al. 2013). From this, it may seem that both λEdd and NH are responsible for the CL transition in NGC 1365. However, NGC 1365 showed rapid absorption variability on a timescale of days (Risaliti et al. 2007). The obscuring clouds are small and found to be located in the BLR, which suggests that the obscuring material cannot block the BLR. Mondal et al. (2022) suggest that the obscuration might be attributed to a failed wind, driven by the variable accretion rate. However, the wind can only contribute to the obscuration of the X-ray source and not affect our view of the BLR.
NGC 7582. NGC 7582 showed a variable NH over the years, with a CT state observed several times (Lefkir et al. 2023, and references therein). The NH varied in the ∼8 − 130 × 1022 cm−2 range over the last ∼40 years, undergoing several CO transitions. In 2005, XMM-Newton found the source in a CT a state with NH = (1.3 ± 0.1)×1024 cm−2 (Piconcelli et al. 2007). In April 2007, the source was found in Compton thin state with NH = (3.3 ± 0.5)×1023 cm−2. Within six months, the source transitioned again to a CT state [NH = (1.2 ± 0.2)×1024 cm−2]. In 2012, NGC 7582 was found in a Compton-thin state and transitioned back to a CT state in 2014 (Braito et al. 2017). In 2016, the source was again found in Compton-thin state (Lefkir et al. 2023).
Unfortunately, we do not have simultaneous optical observations during all the CO transitions. However, the NH variations were observed when the source was in the type 1.9/2 state, and only λEdd was observed to correlate with the optical spectral state in this object, confirming the idea that CO & CS transitions are independent and that the varying accretion rate drives the optical state transition.
4.3. Timescale of the CL transitions
The observed timescales of the CL transitions (tCL) challenge our understanding of the accretion properties of SMBHs. Generally, CL transitions are seen on timescales of months to decades (e.g., Denney et al. 2014; Shapovalova & Popović 2019; Gezari et al. 2017; Trakhtenbrot et al. 2019; Ricci & Trakhtenbrot 2023; Zeltyn et al. 2022). In our current study, we focus on a sample of optically identified CLAGNs, utilizing optical data accumulated over the past 40 years. By comparing the time intervals between the first and last epochs of observations in different spectral states, we were able to place upper limits on the CL transition timescales for each source. These upper limits provide interesting constraints on the temporal evolution of the accretion processes in AGNs. Figure 8 displays the distribution of our upper limits on the CL transition timescales for our sample. We only considered the timescale for the type 1 ↔ 1.8, 1.9, or 2 transition. The timescales cover a range from a few weeks to ∼20 years. We find that the median of the upper limit of the transition timescale is 3 − 4 years, which is consistent with previous findings for CLAGNs in BASS (Temple et al. 2023b).
	[image: thumbnail]	Fig. 8. Distribution of the upper limit of the timescale for the CL events. The vertical dashed blue and dot-dashed black lines represent the median and mean values of the distribution, respectively.



The standard thin disk model predicts the radial inflow timescale or viscous timescale to be tvis≃ 400 [image: equation] (α/0.03)−1(R/150rg)3/2M8 years (Shakura & Sunyaev 1973; Noda & Done 2018; Stern et al. 2018; Ricci & Trakhtenbrot 2023). Here, H is the disk height at distance R, α is the viscosity parameter, and M8 is the mass of the SMBH in 108 M⊙. For AGNs of mass ∼106 − 8 M⊙, tvis would be ∼104 − 6 years, which is considerably longer than the observed transition time. The dynamical timescale (tdyn) is typically shorter than the observed timescale. The dynamic timescale of the gas is related to the orbital motion of the gas around the black hole and is given by tdyn ≃ 10(R/150 rg)3/2M8 days. The thermal timescale (tth) or the timescale associated with the heating or cooling of the disk is tth ≃ tdyn/α ≃ (α/0.03)−1(R/150 rg)3/2M8 years. Such a timescale is generally associated with the stochastic variability of the AGN (Kelly et al. 2009). Another relevant timescale is the timescale associated with the radial propagation of the heating and cooling front (tfront; Osaki 1996; Dubus et al. 2001). The cooling front timescale is [image: equation] years (Stern et al. 2018).
In Fig. 9 we show several key theoretical timescales relevant to accretion disk physics, namely, viscous time (tvis), thermal time (tth), dynamic time (tdyn), and heat/cold front timescale (tfront), along with the upper limit of the observed CL transition time (tCL) as a function of MBH. For our calculations we considered a disk-aspect ratio H/R = 0.2, a viscosity parameter α = 0.1, and R ∼ 150 rg (i.e., the typical emission zone for UV-optical continuum (e.g., Noda & Done 2018; Stern et al. 2018).
	[image: thumbnail]	Fig. 9. Relation of the transition timescale (tCL) with the black hole mass in logarithmic scale (log MBH). The downward pointing purple arrows represent the upper limit of the transition time for all CL transitions in our study. The dashed-dot-dot-dashed blue, dot-dashed orange, dashed red, and solid green lines represent the viscous time, cold front propagation time, thermal time, and dynamic time, respectively. The timescales are calculated assuming a disk aspect ratio H/R = 0.2 and a viscosity parameter α = 0.1.



Figure 9 clearly shows that all transitions occurred on a shorter timescale than tvis. Most transition timescales are consistent with the thermal, cooling front, and dynamic timescales. These timescales suggest that thermal instabilities or the propagation of heating and cooling fronts in the accretion disk may play a significant role in driving CL transitions. Also, some transition timescales could be consistent with the dynamic time. Here, we also note that one may reduce the tvis if the accretion disk is inflated. This could occur if the total opacity of the disk increases due to heavy elements, which raise both the temperature and scale height (Jiang et al. 2016). Magnetic torques in the inner disk can also heat and expand the disk structure (Agol & Krolik 2000), while magnetic pressure in the upper layers of the disk contributes to further disk inflation (Dexter & Begelman 2019). Additionally, magnetically driven disk winds can remove the angular momentum, further shortening the tvis (Feng et al. 2021b).
Interestingly, in IRAS 23226–3843, a transition occurred on a timescale of ∼14 days (Kollatschny et al. 2023), which could be associated with the dynamical time. This indicates that, in some cases, CL transitions could be driven by dynamic processes within the inner accretion disk. Such fast transitions are rare but highlight the need to consider multiple physical mechanisms that could influence the CL phenomena. We note that some transitions could be associated with the thermal timescales and others with the dynamic timescales. Establishing precise transition timescales is crucial for identifying the underlying physical processes.
4.4. Comparing CLAGNs with other AGNs in BASS
In our sample of CLAGNs, the median value of the log λEdd for type 1, 1.8, 1.9, and 2.0 are −1.30 ± 0.09, −2.24 ± 0.14, −2.59 ± 0.13 and −2.71 ± 0.12, respectively. For un-beamed (non-blazar) AGNs in the BASS sample in which CL transitions were not detected (hereafter BASS AGNs), Koss et al. (2022a) found the median value of log λEdd for type 1, 1.8, 1.9, and 2.0 are −0.99 ± 0.07, −1.53 ± 0.08, −1.81 ± 0.11 and −1.90 ± 0.09, respectively. In every spectral state, CLAGNs have a lower λEdd than AGNs in the BASS (see Fig. 2).
We also compared the median λEdd for CLAGNs with that of other AGNs from the BASS survey using a redshift-matched sample. To do this, we divided the CLAGNs into three redshift bins: z = 0 − 0.01, 0.01 − 0.03, and 0.03 − 0.06, containing eight, seven, and five CLAGNs, respectively. For each bin, we calculated the median λEdd of the CLAGNs. Similarly, we constructed three corresponding redshift bins for other BASS AGNs, randomly selecting the same number of AGNs in each bin (i.e., we randomly selected eight, seven, and five AGNs from BASS at redshift bins of z = 0 − 0.01, 0.01 − 0.03, and 0.03 − 0.06, respectively). The median λEdd for these AGNs was then estimated using a bootstrapping method with 1000 realizations. This allowed us to determine the median λEdd for both the CLAGNs and the other BASS AGNs for each spectral state. The variation in the median λEdd with redshift for both CLAGNs and other AGNs is shown in Fig. 10. The panels display the median Eddington ratio for type 1, type 1.8, type 1.9, and type 2 AGNs in the top left, top right, bottom left, and bottom right panels, respectively. In all spectral states and redshift bins, we consistently found that CLAGNs exhibit a lower Eddington ratio compared to other BASS AGNs that did not show CL transitions. We employed the Anderson-Darling (AD) test to compare the distributions of the Eddington ratio for CLAGNs and other BASS AGNs across different spectral states. Our results indicate that the distributions are significantly different in each state, with a p-value of pAD < 0.001. This finding remained consistent when we repeated the analysis using the redshift-matched distributions for CLAGNs and BASS AGNs. Our findings that CLAGNs tend to have a lower λEdd than other AGNs in the BASS, agree with previous studies (Zeltyn et al. 2024; Wang et al. 2024). In the SDSS-V survey, the median λEdd in CLAGNs is found to be ∼0.025, while other AGNs have a median value of λEdd ∼0.043 (Zeltyn et al. 2024). The CL quasars are observed to have a lower λEdd compared to the general population of the quasar in SDSS (MacLeod et al. 2019). Temple et al. (2023b) also found a similar result from the BAT-selected CLAGN sample in the local Universe.
	[image: thumbnail]	Fig. 10. Comparison of the median Eddington ratio (λEdd) of CLAGNs and other AGNs in the BASS sample with redshifts. Three bins are constructed, for redshifts Δz = 0 − 0.01, 0.01 − 0.03, and 0.03 − 0.06; these bins contain eight, seven, and five CLAGNs, respectively. For the other AGNs from BASS, each bin is constructed by randomly selecting the same number of AGNs as CLAGNs in the same bin and bootstrap-processed with 1000 realizations. The median λEdd for type 1, type 1.8, type 1.9, and type 2 with redshifts are show in the top-left, top-right, bottom-left and bottom-right panels, respectively.



We also obtain a median NH for each spectral state for the CLAGNs in our sample. Figure 4 shows the median NH for CLAGNs and other AGNs in each spectral state. For BASS AGNs, the median NH increases as the AGNs transition toward a type 2 state, which is consistent with the UM of AGNs. Comparing CLAGNs with other AGNs in BASS (Ricci et al. 2017a), we find that the median NH for type 1 and 1.8 for the CLAGNs are higher than other AGNs. For CLAGNs, the median varies in the range log(NH/cm2) = 21.45 − 21.88. For other AGNs in BASS, the range of the median is log(NH/cm2) = 20.00 − 23.27. The range of NH suggests that NH tends to be less variable for CLAGNs than other AGNs in the BASS, indicating that the CL transition does not depend on the obscuration properties. Using the AD test, we found significant differences in the distributions in all the spectral states, with p-values < 0.001.
4.5. The physical mechanisms responsible for CL transitions
From our study of 20 optically identified CLAGNs using quasi-simultaneous optical and X-ray observations, we find that changes in the accretion flow are the primary driver of CL transitions in all sources, while we did not detect any significant variations in the obscuration properties of these CLAGNs associated with the transitions (see Sects. 3.1 and 3.2). This suggests that the optical CLAGNs in our sample can indeed be classified as CSAGNs, where changes in the accretion flow rather than external factors, like obscuration, dictate the transitions between spectral states.
In recent years, several models have been proposed to explain these CS transitions in AGNs (Elitzur 2012; Noda & Done 2018; Sniegowska et al. 2020). One prominent model is the disk-wind model for the BLR (Nicastro 2000; Elitzur & Ho 2009; Elitzur et al. 2014), which predicts that the BLR should disappear when the AGN luminosity falls below a critical value. This model relies on the idea that radiation pressure driven wind is responsible for the formation of the BLR, and if the bolometric luminosity (Lbol) falls below a critical value, [image: equation] erg/s, the BLR would no longer be sustained. As a result, the BLR vanishes, and the AGN transitions into a type 2 state. This model provides an effective way to explain why some AGNs undergo transitions from type 1 to type 2, linking the appearance of the BLR directly to the strength of the accretion-powered radiation.
However, in our study, we found that this model does not fully explain the observed CL transitions. Specifically, we found that in our sample of 20 optical CLAGNs, all sources have bolometric luminosities well above the critical threshold predicted by the disk-wind model, in their type 2 states. This suggests that the disk-wind model is not sufficient to explain all CL transitions, particularly those where the AGN retains a high bolometric luminosity. The disappearance of the BLR in these cases likely involves more complex processes tied to the dynamics of the accretion flow or changes in the structure of the central regions of the AGN, rather than simply a drop in luminosity. This challenges the universality of the disk-wind model and points to the need for alternative models that can account for the complex interplay between accretion processes and BLR formation in AGNs undergoing CL transitions.
The disk instability model also provides a key framework for understanding the CS transitions in AGNs, linking these transitions to the spectral state changes commonly observed in BHXBs (Noda & Done 2018; Ross et al. 2018; Ai et al. 2020). In BHXBs, state transitions are well-studied, and the change in accretion geometry during these transitions leaves a distinct imprint on the correlation between the photon index (Γ) and the Eddington ratio (λEdd; e.g., Yang et al. 2015; Yan et al. 2020). This Γ − λEdd correlation acts as a diagnostic of the accretion state, providing valuable insight into the physical mechanisms governing the behavior of both BHXBs and AGNs.
In BHXBs, the Γ − λEdd correlation behaves differently depending on whether the source is in a high-soft or low-hard state. During the high-soft state, where the system is dominated by thermal emission from the accretion disk, a positive correlation between Γ and λEdd is typically observed. In this state, increasing accretion rate leads to efficient cooling in the X-ray corona, which produces softer spectra, leading to an increase in Γ (Yang et al. 2015; Yan et al. 2020; Jana 2022). Conversely, in the low-hard state, a negative correlation between Γ and λEdd is observed. In this state, the accretion disk recedes, and the inner accretion flow is replaced by a hot radiatively inefficient flow (Zdziarski et al. 2014; Yuan et al. 2015). The seed photons are supplied by the synchrotron emission in the hot flow or jets. As the accretion rate decreases, the degree of synchrotron self-absorption decreases, which leads to softer spectra (i.e., increases in Γ). The critical Eddington ratio at which this correlation flips is found to be around λEdd ∼ 0.01, marking the transition between the high-soft and low-hard states.
A similar behavior in the Γ − λEdd relation is also observed in AGNs, suggesting that the accretion physics in AGNs and BHXBs may be fundamentally similar. In AGNs, this transition in the Γ − λEdd correlation typically occurs at λEdd ≈ 0.01 − 0.02 (Noda & Done 2018; Ruan et al. 2019; Jana et al. 2023), which is comparable to the value observed in BHXBs. Studies of CL quasars have further supported this connection, showing that quasars evolve from a bright, high-accretion state to a faint, low-accretion state, and vice versa, with the transition also occurring at λEdd ≈ 0.01 (Ruan et al. 2019; Jin et al. 2021). This suggests that the same underlying physical mechanisms, likely driven by instabilities in the accretion disk, are responsible for the observed state changes.
In the present work, we have found that the median Eddington ratio for CLAGNs during state transitions, [image: equation]. This value is consistent with the soft-to-hard state transition Eddington ratio seen in BHXBs (Maccarone 2003; Jana 2022), further supporting the hypothesis that disk instabilities are the primary drivers of these transitions in CLAGNs. Specifically, these instabilities likely alter the structure and geometry of the accretion flow, leading to changes in the accretion rate and, consequently, the spectral state of the CLAGNs.
Our sample does not include extreme low accreting (λEdd < 10−4) or high accreting AGNs (super Eddington source, λEdd > 1). For instance, 1ES 1927+654 was found to be accreting at super Eddington rate during the CL transitions (Trakhtenbrot et al. 2019; Ricci et al. 2020, 2021; Li et al. 2022a), with the transition driven by the change in the accretion rate (Li et al. 2024b,a). On the other hand, several low luminosity CL LINERs low ionization nuclear emission line region galaxies have been detected (Schimoia et al. 2015). We will study these objects in detail elsewhere.
5. Summary and conclusions
We conducted a comprehensive study of 20 optically identified CLAGNs in the local Universe (z < 0.06) using quasi-simultaneous optical and X-ray observations from BASS. This multiwavelength approach allowed us to explore the connection between changes in the accretion processes and the spectral properties of these AGNs over time. The quasi-simultaneous X-ray and optical data provide crucial insights into the physical mechanisms driving the observed transitions. We utilized optical and X-ray data in the literature from the last 40 years. The optical spectral state was classified using optical observations, while the Eddington ratio and line-of-sight hydrogen column density were estimated from X-ray observations. We investigated the dependence of CL transitions on different AGN parameters, such as the Eddington ratio, obscuration, and black hole mass. The key findings of our work are summarized as follows:

	
The CL transitions are likely caused by changes in the accretion flow. In our sample, all sources show type 1 → 2 transitions as λEdd decreases, and vice versa.



	
The CL transitions are not related to obscuration properties, confirming the idea that CS transitions are solely led by changes in the accretion flow.



	
Our CLAGNs have a lower accretion rate than the AGNs from the BASS sample for which CL transitions have not been detected.



	
The median transition Eddington ratio for type 1 ↔ 1.8, 1.9, or 2 is [image: equation], or λEdd ≈ 0.5 − 2% of Eddington limit. The [image: equation] is consistent with the prediction of the disk instability model (e.g., Noda & Done 2018). The [image: equation] is consistent with the transition Eddington ratio of the soft↔hard state transition Eddington ratio in BHXBs.



	
We could only estimate the upper limit of the CL transition times of our sample. We find that the majority of CL transitions in our sample occurred within 3 − 4 years.




Currently, the main challenge in the study of CLAGNs is low cadence observations, which are not ideal for studying the physics underlying the transition mechanism. This will change with the advent of large photometric (LSST; Ivezić et al. 2019) and spectroscopic surveys in the optical ((SDSS-V, Kollmeier et al. 2017; 4MOST, de Jong et al. 2019)) and wide-field surveys in X-rays ((eROSITA; Merloni et al. 2020); and (Einstein probe, Yuan et al. 2015)) and UV wavelengths (with ULTRASAT; Shvartzvald et al. 2023). These surveys are expected to identify a large number of new CLAGNs, as well as new transitions of known CLAGNs, which will help us understand the physical mechanism of the spectral transitions in greater detail. Additionally, in the future, we will also investigate the connection of CLAGNs with state transitions in BHXBs using archival multiwavelength observations.
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Appendix A:  Observation log
Table A.1. 
CLAGNs.


Appendix B:  Data reduction
In the present study, we reduced the data obtained from the Swift/XRT and XMM-Newton.
B.1. Swift/XRT
The 0.5 − 8 keV Swift/XRT spectra were generated using the standard online tools provided by the UK Swift Science Data Centre (Evans et al. 2009)6. We only utilized the data obtained in this work with the “photon counting” mode.
B.2. XMM-Newton
We used XMM-Newton/EPIC-PN (Jansen et al. 2001) observations in the 0.5 − 10 keV energy range in our analysis. The data files were reduced using the Standard Analysis Software (SAS) version 20.0.0. The raw PN event files were processed using EPCHAIN task. We checked for particle background flare in the 10 − 12 keV energy range. The Good Time Interval file was generated using the SAS task TABGTIGEN. The source and background spectra were extracted from a circular region of 30″ centered at the position of the optical counterpart and from a circular region of 30″ radius away from the source, respectively. The background region is selected in the same CCD where no other X-ray sources are present. Using ESPECGETtask, we generated the source and background spectra. We checked for pileup using the EPATPLOT task. We did not find any source that suffered from the pileup.

Appendix C:  Notes on individual objects
C.1. NGC 526A
Historically, NGC 526A is known to be a type 2 AGN. In 1978, the source resembled the spectra of type 1 state (Griffiths et al. 1979). In 1986 observation, the source lost its broad Hβ line and was classified as type 1.9 Seyfert (Winkler 1992). In 2004, the source was still found in type 1.9 state (Bennert et al. 2006). However, in July 2009, the broad lines were not observed, making the source again type 2. In September 2016, a broad Hα line reappeared as the spectral state changed to type 1.9 (Temple et al. 2023b).
NGC 526A was observed in X-rays over the years. The NH was observed to be in the range NH ∼ (1 − 4)×1022 cm−2. We did not have much simultaneous/quasi-simultaneous optical and X-ray data for NGC 526A. We observed λEdd ∼ 0.03 and ∼0.006 for type 1 and type 2 states, respectively. The CL transition in NGC 526A is likely to be caused by the change in accretion rate.
C.2. NGC 1365
NGC 1365 is one of two AGNs that showed both CS and CO events in the past. NGC 1365 is known to show rapid absorption variability. NGC 1365 was initially classified as type 2 with no broad lines in the optical spectra observed in 1978 (Phillips & Frogel 1980). Edmunds & Pagel (1982) reclassified the source as type 1 based on the observations made in November 1979. The source remained a type 1 AGN, as observed in August 1993.
In 1995, the source was found in CT state (Iyomoto et al. 1997), while three years later, the source transitioned to a Compton thin state (Risaliti et al. 2000). In 2002-03, the source showed CO transition within six weeks (Risaliti et al. 2005). In 2007, 1365 showed CO transition on a timescale of days (Risaliti et al. 2007). However, no optical observations were available at that time.
NGC 1365 was found in type 1.9 state in January 2009 with a weak BEL Hα, and NEL Hβ (Trippe et al. 2010). In June 2010, Suzaku observation of the source found NH ∼ 6 × 1023 cm−2. The source transitioned to a CT state in August 2010, with NH ∼ 1.1 × 1024 cm−2, and λ ∼ 0.03 (Brenneman et al. 2013). The λEdd was about ∼30% lower than the June observation. In September 2010, no broad lines were observed in the spectrum, as the source was in the type 2 state. This could be related to the CT state observed in August 2010.
NGC 1365 was found in the CT state with Chandra observation in April 2012 (Nardini et al. 2015). In July 2012, the source again transitioned to a Compton thin state with NH ∼ 2 × 1023 cm−2. The source was observed to be in type 1.8 states in November 2012, with broad lines (Lena et al. 2016). The Eddington ratio also increased to λEdd ∼ 0.04 in December 2012, as observed by XMM-Newton and NuSTAR (Walton et al. 2013). The source remained in the type 1.8 state in January 2013 (Lena et al. 2016), and the Eddington ratio increased slightly. During this time, the X-ray observations revealed a drop in the NH, with ∼1022 cm−2 (Liu et al. 2021). In this period, the appearance of broad lines could be related to both an increase in the λEdd and a decrease in the NH.
In December 2013, the broad lines strengthened as the source transitioned to a type 1 state. The October 2014 observation also found the source in the same state. The source returned to type 2 in December 2021 (Temple et al. 2023b). Subsequently, the Eddington ratio decreases to λEdd ∼ 0.01, as found from the Swift/XRT observation in December 2021. The source was found in Compton-thin state at this time with NH ∼ 3 × 1022 cm−2.
We found that NGC 1365 was in the type 1 for λEdd > 0.1. The source was in type 2 when λEdd < 0.01. During type 1.8 state, we found λEdd in the range ∼0.03 − 0.05. The source is also found in the CT state during the type 2 state, while it transitioned to the Compton thin state during the type 1-1.8 state. It seems that both NH and λEdd drive the CS transition in NGC 1365. However, the source exhibits rapid variability, which suggests that the location of the obscuring materials is BLR (Walton et al. 2013). It is also suggested that the obscuration could be attributed to the failed-wind, driven by accretion rate. Hence, the variable accretion rate is most likely cause the CL transition in the source. Nonetheless, one needs to study the source in more detail to understand the CL transition in this source.
C.3. NGC 1566
NGC 1566 is one of the first AGNs that showed optical variability (Pastoriza & Gerola 1970; de Vaucouleurs 1973; Osmer et al. 1974). In 1979, NGC 1566 was in a type 1 state with λEdd ≃0.007. The source remained in type 1 state until April 1984 (Alloin et al. 1986). In August 1984, NGC 1566 was observed to be in type 1.8 states with λEdd ∼ 0.002. The source transitioned to a type 1.9 state in October 1985 with the disappearance of the broad Hβ line. During this observation, The Eddington ratio decreased to log λEdd ∼ 0.001.
In November 1985, the broad Hβ line recovered as the source transitioned to type 1.8, with the Eddington ratio increasing to λEdd ∼ 0.002. In 1991, NGC 1566 was observed to be in a type 1 state (Kriss et al. 1991). In the subsequent two decades, NGC 1566 was found to transition between type 1–1.9 states a few times (Agüero et al. 2004; Koss et al. 2017; Ochmann et al. 2024). During these observations, no simultaneous X-ray observations were available. NGC 1566 showed an outburst in June 2018, with the flux in all wavebands increased (Oknyansky et al. 2019, 2020). During this time, the source transitioned to a type 1 state with the λEdd ∼ 0.01 − 0.3 (Oknyansky et al. 2019; Jana et al. 2021; Ochmann et al. 2024).
NGC 1566 showed several CL events over the years. We found that the increasing λEdd transitioned the source toward the type 1 state. The source was generally found in the type 1 state for λEdd > 0.005. NGC 1566 was observed to be unobscured over the years, with NH ∼ 1021 cm−2. We did not observe a change in NH, even though optical classification changed in this source. In the 2018 outburst of the source, an ionized absorber was seen with NH ∼ 1022 cm−2 (Jana et al. 2021) when the source was in the high state. In NGC 1566, the variable λEdd is responsible for the optical state change.
C.4. NGC 2617
NGC 2617 was found in type 1.8 state in 1994–2003 (Moran et al. 1996; Jones et al. 2004; Kollatschny et al. 2008). The source transitioned to a type 1 state between 2003 and 2013 (Shappee et al. 2014; Oknyansky et al. 2017). The λEdd increased to ∼0.1 in 2013, from λEdd ∼ 0.01 in 1992. The source remained in type 1 state until 2023, with λEdd ∼ 0.05 − 0.2. In October 2023, NGC 2617 lost its broad Hβ line, and source transitioned to a type 1.9 state with λEdd ∼ 0.003 Oknyansky et al. (2023b).
In our study, we found a clear relation between spectral state and λEdd. The source was found in type 1.8–1.9 state when λEdd < 0.01. For λEdd > 0.03, the source was observed in type 1 state. NGC 2617 was found to be an unobscured state (NH ∼ 1021 cm−2) in all spectral states. This suggests that the change in the accretion rate drives the optical state change in NGC 2617.
C.5. NGC 2992
NGC 2992 changed its spectral type several times in the last ∼40 years (Guolo et al. 2021). Here, we briefly outlined the CL events of this source. In 1978 and 1979, the optical spectra showed that the source was in a type 1.9 state, with a weak broad Hα line in the spectra. It lost its broad Hα line in 1985, as it was in the type 2 state. The X-ray luminosity decreased as the λEdd changed from ∼0.01 to ∼0.002 in 1985. In 1994, the broad Hα line appeared as it transitioned to type 1.9 state (Allen et al. 1999). NGC 2992 transitioned to a type 2 state in April 1998, and transitioned back to a type 1.9 state in November 1998.
In 2006, NGC 2992 lost its broad Hα line again and transitioned to a type 2 state (Trippe et al. 2008). The X-ray flux was low with the λEdd ∼ 0.002 at that time. In 2014, both Hα and Hβ lines showed broad components, as the source transitioned to a type 1.8 (Guolo et al. 2021). The 2021 observations revealed that the source remained in type 1.8 state (Guolo et al. 2021). The λEdd was observed to ∼0.01 in 2021. Guolo et al. (2021) studied the source using long-term data, and they found that the spectral state is correlated with the X-ray flux. They showed that broad Hα line appeared if L2 − 10 keV > 2.6 × 1042 erg s−1 (i.e., λEdd > 0.01). Our study also found the same result (i.e., the source transitioned to type 2) if λEdd < 0.01. However, we could not distinguish the type 1.8 and type 1.9 states from the λEdd variation. It is possible that the old data did not detect the Hβ BEL due to a low S/N.
NGC 2992 showed a variable absorption over the years, with NH varied in the range NH ∼ (0.3 − 2)×1022 cm−2. We did not find any relation of NH with the spectral state change. The change in the accretion rate is likely to be the reason for the CL transition in NGC 2992.
C.6. NGC 3516
NGC 3516 was classified as a type 1 AGN based on the optical observation in 1986 (Pogge 1989). The source remained in type 1 state until 2012 Popović et al. (2002), Shapovalova & Popović (2019). During this period, the Eddington ratio was observed to be λEdd ∼ 0.01 − 0.05. Later, the λEdd decreased to ∼0.002 in November 2013. The broad lines vanished in 2014 when the optical flux reached its minimum, with the source transitioned to a type 2 state (Shapovalova & Popović 2019). The Eddington ratio was observed to be λEdd ∼ 0.001 at that time.
In 2014–2018, the source generally remained in a low state, showing occasional flares (Ilić et al. 2020). The Eddington ratio was found to be λEdd ∼0.001 − 0.008. The optical observations taken in 2019-2020 showed the source was in type 1 state (Ilić et al. 2020). During this time, the X-ray observations showed λEdd in the range ∼0.01 − 0.02.
We found a correlation between spectral state and λEdd in NGC 3516. Generally, the source was in the type 1 state for λEdd > 0.01. The source transitioned to a type 2 state for λEdd < 0.008. NGC 3516 was observed to have variable absorption properties with a warm absorber was observed. The NH of the ionized absorber varied in the range 1021 − 23 cm−2 in the type 1 state. The high NH (∼1023 cm−2) is explained with the ionized outflow from the warm absorber (Mehdipour et al. 2022). In type 1.8, 1.9, or type 2 states, the associated NH was ∼1022 cm−2. Overall, the CL transition in NGC 3516 is attributed to the change in the accretion rate, not the obscuration properties.
C.7. NGC 4151
NGC 4151 is a well-known Seyfert galaxy that shows high variability. Over the years, it has gone through several CL events. Here, we discuss the brief history of the source in the last 40 years. In the late 1970s, the source was classified as a type 1 AGN (Antonucci & Cohen 1983). From the mid-1980s, the broad lines weakened as the source transitioned to type 1.8 state (Antonucci & Cohen 1983). In April 1984, the source lost its broad Hβ line as it transitioned to a type 1.9 state (Kielkopf et al. 1985). Simultaneous observation by EXOSAT revealed a very low X-ray flux with λEdd ∼ 0.001 (Pounds et al. 1986).
The January 1985 observation showed that the source recovered its broad Hβ lines and transitioned to a type 1.8 state (Peterson & Cota 1988). The λEdd also increased and was observed to be in the range λEdd ∼ 0.003 − 0.005 between 1985-1987 (Yaqoob et al. 1989). During this time, the source was found to be in type 1.8 state (Peterson & Cota 1988).
From 1990, the broad lines strengthened as it transitioned to a type 1 state and remained there until January 1999 (Sergeev et al. 2001; Shapovalova et al. 2008). During this period, the λEdd was observed to be in the range ∼0.01 − 0.16. In December 2000, the broad lines weakened, as it entered in type 1.8 state (Shapovalova et al. 2008). The X-ray flux was declined this time, with λEdd ∼ 0.003. It recovered again in November 2001, transitioning to a type 1 state. For the next two decades, the source was found to be type 1 state (Shapovalova et al. 2008; Chen et al. 2023; Li et al. 2022b). The λEdd was found to be in the range λEdd ∼ 0.01 − 0.02 during this period.
NGC 4151 showed high absorption variability over the years, with the NH changed by more than an order on a timescale of days (Puccetti et al. 2007). However, NGC 4151 was not observed in a CT state. We did not observe any relation of the NH with the optical spectral state in the source. We observed a clear relation of the spectral state and λEdd in NGC 4151. Our study found that it transitioned several times between type 1, 1.8, and 1.9 states. The source was in type 1.9 state when λEdd ∼ 0.001. The type 1.8 state was found for λEdd ∼ 0.002 − 0.005. The type 1 state was found when λEdd > 0.009. This implied that the variable accretion rate in the source causes the CL transition.
C.8. NGC 5273
NGC 5273 was originally classified as a type 1.9 galaxy in 1984 (Ho et al. 1995). The optical spectrum revealed that the source was still in type 1.9 state in June 1993 (Koratkar et al. 1995). The June 1992 observation showed that it was a low-luminosity AGN with λEdd ∼ 0.0003. The source was found to transition to a type 1.8 state in 2006 (Koss et al. 2017). Eventually, the X-ray flux also increased over the years (Neustadt et al. 2023). NGC 5273 was found to transition to type 1 states in May 2014 (Neustadt et al. 2023). We observed the λEdd ∼ 0.006 from the quasi-simultaneous X-ray observations with NuSTAR (Pahari et al. 2017).
We found a correlation of λEdd and spectral states in NGC 5273. The source was found in the type 1 state when λEdd > 0.006. The type 1.9 state was observed at low λEdd, at ∼0.0003. NGC 5273 is an obscured AGN with the NH varied in the range ∼1 − 4 × 1022 cm−2 (Neustadt et al. 2023), with correlation with the CL transition. Hence, the change in the λEdd is the most probable reason for the CL event in NGC 5273.
C.9. NGC 5548
NGC 5548 is a well-studied Seyfert galaxy. The source is generally found in the type 1 state; however, it has transited to type 1.8 several times. From the late-1970s, the source was observed to be in type 1 state with λEdd in the range λEdd ∼ 0.04 − 0.3 (Shapovalova et al. 2004; Sergeev et al. 2007).
NGC 5548 transitioned to a type 1.8 state in April 2005 with weakening broad lines. The X-ray flux also decreased, with λEdd ∼ 0.03. The optical spectra taken in June and July 2007 showed that the source remained in the type 1.8 state (Koss et al. 2017). The λEdd was found to be λEdd ∼ 0.03 (Liu et al. 2010). Subsequently, the source was observed to recover its broad lines and transition to a type 1 state in January 2014, and it has remained in this state to date (Lu et al. 2022). The λEdd was found to vary in the range λEdd ∼ 0.05 − 0.12.
NGC 5548 entered in type 1.8 when λEdd < 0.03. The source was in type 1 state for a wide range λEdd ∼ 0.05 − 0.3. Over the years, NGC 5548 was observed regularly in X-rays. The source was always found to be unobscured with NH ranges of ∼1020 − 21 cm−2. From this, we conclude that the optical state transition in NGC 5548 is attributed to the change in the accretion rate.
C.10. NGC 6814
NGC 6814 was classified as type 1.8 Seyfert in 1975 (Yee 1980). It transitioned to a type 1 state in 1979 and was found in that state until 1984 (Rosenblatt et al. 1994). The simultaneous X-ray observations in 1983 and 1984 revealed λEdd ∼ 0.007 − 0.01 when the source was in type 1 state (Mittaz & Branduardi-Raymont 1989). In October 1985, the source transitioned to a type 1.8 state, with λEdd decreased to λEdd ∼ 0.003. Subsequently, the source recovered and transitioned to type 1 state in 1987; before moving back to type 1.8 state in 1992 (Winkler et al. 1992; Kollatschny et al. 2006). In 1992, the λEdd was found to be low with λEdd ∼ 0.001 − 0.002.
The X-ray flux further decreased in 1993 with λEdd ∼ 0.0009 (Reynolds 1997). In March 2008 observation, NGC 6814 was observed in a type 1 state (Bentz et al. 2009). Subsequent observations in 2011 and 2015 showed type 1 state spectra of NGC 6814 (Koss et al. 2017; Oh et al. 2022). In 2016, the X-ray flux increased with λEdd ∼ 0.02.
The NH is observed in the range ∼1020 − 22 cm−2, with no correlation with the spectral state. However, NGC 6814 showed a clear relation between spectral states and λEdd. The source was found generally in type 1 state when λEdd > 0.007. The type 1.8 state was observed at low λEdd, with λEdd < 0.002. This indicated that the change in the accretion rate causes the state transition in NGC 6814.
C.11. NGC 7582
NGC 7582 is one of two CLAGNs in our sample that showed both CS and CO transitions [see][and references therein]Lefkir2023. In 1977, the source was classified as type 1 state Seyfert (Ward et al. 1980). The X-ray observations in May 1980 showed λEdd ∼ 0.002 (Morris et al. 1985). Later, the X-ray flux increased over the years, as it was observed by several X-ray satellites, such as EXOSAT, Ginga, and ASCA (Turner & Pounds 1989; Turner et al. 1997).
NGC 7582 was found to be in type 1 state in July 1998. It transitioned to type 1.9 in October 1998, with broad Hβ line disappearing (Aretxaga et al. 1999). In November 1998, quasi-simultaneous X-ray observation showed a low λEdd, with λEdd ∼ 0.003. At this time, the source was found in Compton thin state with NH ∼ 1.5 × 1023 cm−2.
In July 2004, NGC 7582 showed only NELs in its optical spectra as it transitioned to a type 2 state (Ricci et al. 2018b). The λEdd decreased further to ∼0.002 during this time, although the NH did not change much, with NH ∼ 1.6 × 1023 cm−2. The source remained in type 2 state in 2008 and 2016 (Ricci et al. 2018b). The quasi-simultaneous X-ray observation found λEdd ∼ 0.002 and NH ∼ 3 × 1023 cm−2 in 2016.
NGC 7582 showed CO events several times, transiting between Compton-thin and CT states in 2005, 2007, and 2014 (Lefkir et al. 2023). However, we did not have optical observation at that time to study the relation of NH with the optical state. NGC 7582 showed type 2 state when λEdd ∼ 0.001, and transited to type 1.9 when λEdd ∼ 0.003. The transition occurred around λEdd ∼ 0.003. No relation between the NH and the spectral state is observed in this source. This implied that the variable λEdd is the reason for the optical state transition in NGC 7582.
C.12. NGC 7603
NGC 7603 was found in a type 1 state in November 1974. Later, in November 1975, NGC 7603 only showed NELs as it transitioned to a type 2 state (Tohline & Osterbrock 1976). The BELs recovered again, transitioned to a type 1 state in February 1976, and remained there for three decades (Kollatschny et al. 2000; Trippe et al. 2010). In 2012, the source was observed in a type 1.8 state (Theios et al. 2016). In 2019, the source transitioned back to a type 1 state (Koss et al. 2022a).
We observed a correlation of spectral type and λEdd in NGC 7603. The source was observed in type 1.8 state when λEdd ∼ 0.002. The source was found in a type 1 state when the λEdd was higher, with λEdd > 0.005. We did not have any information about the obscuration properties when the source was in the type 2 state.
C.13. Mrk 6
Mrk 6 was identified as a type 1 AGN in 1976 (Malkan & Oke 1983). Later, Mrk 6 entered in type 1.8 state with weakening broad lines in June 1977 (Doroshenko & Sergeev 2003). The source remained in the low state for a year before returning to a type 1 state. Since then, Mrk 6 has been in type 1 state for over three decades (Doroshenko & Sergeev 2003; Afanasiev et al. 2014).
Mrk 6 is an obscured AGN, with the obscuring materials reported to be complex. The NH is found to be in the range ∼(0.1 − 3)×1023 cm−2 (Layek et al. 2024). We did not observe any correlation of NH with the spectral state in the source. On the other hand, Mrk 6 correlated the spectral state with λEdd. In type 1.8 state, λEdd was obtained to be λEdd ∼ 0.002. The source was observed in type 1 state for a wide range λEdd, with λEdd ∼ 0.003 − 0.02. No relation between the NH and the optical spectral state is found in Mrk 6. This implies that the changing accretion rate led to the CL transition in Mrk 6.
C.14. Mrk 590
Mrk 590 has undergone several CL transitions in the last ∼40 years. In 1982, it was found in a type 1 state (Peterson et al. 1984). It remained in a type 1 state for ∼25 years with a λEdd ∼ 0.02 − 0.7 (Peterson 1993; Koss et al. 2017). The broad lines weakened, and the source transitioned to a type 1.8 state in September 2006 (Denney et al. 2014). Mrk 590 lost its broad Hβ line in February 2013 and transitioned to a type 1.9 state (Denney et al. 2014). The source remained in this low state until January 2014. The X-ray flux was also low in this period, with λEdd < 0.004. From late 2014, the X-ray flux increased; by 2017, it increased over 100 times. In December 2017, Mrk 590 transitioned to a type 1 state, with λEdd ∼ 0.2 (Oh et al. 2022).
Mrk 590 showed an increasing NH as the source transitioned toward the type 2 state, though the NH was always NH < 1021 cm−2. Hence, the obscuration is unlikely to cause the CL transition. Mrk 590 showed a clear correlation of λEdd with the spectral state throughout the years. Mrk 590 was found in type 1.9 state with very low λEdd, with λEdd ∼ 0.004. The type 1 state was observed when λEdd varied in the range of λEdd > 0.02. This indicates that the variation in the accretion rate is responsible for the CL transition.
C.15. Mrk 1018
Mrk 1018 was observed to be in a type 1.9 state in 1979 with a weak broad Hα line (Osterbrock 1981). The source transitioned to type 1 state between 1979 and 1984 (Cohen et al. 1986). The source remained in the high type 1 state for three decades, with a high λEdd, λEdd ∼ 0.06 − 0.09. After 2008, the X-ray flux declined, and Mrk 1018 transitioned to a type 1.9 state in January 2015 (McElroy et al. 2016). An X-ray observation six months earlier revealed a low λEdd, with λEdd ∼ 0.01. In October 2019, the source was observed in a type 1.8 state, with increasing X-ray flux (Hutsemékers et al. 2020), with quasi-simultaneous X-ray observation showed λEdd ∼ 0.02.
Mrk 1018 clearly showed a correlation of λEdd with the spectral state. The λEdd was observed to be λEdd ∼ 0.06 − 0.09 when the source was in the type 1 state. Mrk 1018 was observed in type 1.8 state at λEdd ∼ 0.02. The type 1.9 state was observed at λEdd ∼ 0.01. It is clear that Mrk 1018 lost its broad Hβ line at λEdd < 0.02. Mrk 1018 did not show any signature of the obscuration in the X-ray spectra, suggesting that the λEdd is the reason for the CL transition in the source.
C.16. Mrk 1393
Mrk 1393 was observed in type 1.9 state in 1993 (Owen et al. 1995). The March 2001 observation also found the source remained in type 1.9 state (Wang et al. 2009). Later, the source brightened and entered in a type 1.8 state in 2005 (Wang et al. 2009). From quasi-simultaneous X-ray observations, the λEdd was estimated to be λEdd ∼ 0.015. In May 2022, Mrk 1393 was found to transition to a type 1 state with increasing X-ray flux. The quasi-simultaneous X-ray observation estimated the λEdd ∼ 0.06.
Mrk 1393 was found in type 1.8 state at λEdd ∼ 0.012. It transitioned to a type 1 state with increasing λEdd, with λEdd ∼ 0.05. This source showed a clear correlation of spectral state with λEdd. In Mrk 1393, no relation of the NH with the spectral state was observed. In fact, a higher NH is observed in the type 1 state than in the type 1.8 or 1.9 state. The change in the accretion rate is likely to be the reason for the CL transition.
C.17. 3C 390.3
3C 390.3 is a changing-look radio galaxy. It was first classified as a broad-line radio galaxy in the 1970s (Yee & Oke 1981). The optical observations in 1978 showed a type 1 spectra of the source. In June 1979, the broad lines weakened as the source entered in a type 1.8 state (Netzer 1982). Subsequent optical observation suggested that 3C 390.3 remained in the type 1.8 state until 1984 (Veilleux & Zheng 1991). The source transitioned to a type 1 state in 1985 (Veilleux & Zheng 1991), with increasing X-ray flux (Inda et al. 1994). The source remained in the high state till the observation in 2014 (Shapovalova et al. 2010; Sergeev et al. 2017).
3C 390.3 showed type 1 spectra when the X-ray flux was high, with λEdd > 0.04. The type 1.8 state was seen for λEdd < 0.01. This indicated that 3C 390.3 transitioned toward a type 2 state as the λEdd decreased. 3C 390.3 is an unobscured AGN with no intrinsic absorption. This fact suggested that the changing λEdd is behind the CL transition.
C.18. Fairall 9
Fairall 9 was classified as a type 1 AGN in the 1980 (Lub & de Ruiter 1992), with strong broad Balmer lines. The source remained in type 1 state until December 1983 (Lub & de Ruiter 1992). The quasi-simultaneous X-ray observation in 1979 and 1983 found a high λEdd, with λEdd ∼ 0.04 − 0.11.
In December 1984, the broad Hβ line disappeared, and the source was found in type 1.9 state (Kollatschny & Fricke 1985; Lub & de Ruiter 1992). The X-ray flux diminished at this time, with λEdd ∼ 0.013. Fairall 9 recovered its broad lines in December 1985 and transitioned to the type 1 state (Lub & de Ruiter 1992). Since then, the source was found to be in a high state over three decades (Winge et al. 1996; Koss et al. 2022a). The X-ray flux was high in this period, with λEdd ∼ 0.05 − 0.1.
Over the years, Fairall 9 has been observed to be an unobscured AGN with NH < 1022 cm−2. In type 1.9 state, Fairall 9 showed NH ∼ 5.5 × 1021 cm−2, which is greater than in type 1 state. In the type 1 state, only Galactic absorption was observed. On the other hand, Fairall 9 showed a clear correlation between λEdd and spectral state. Most of the time, the source was observed in type 1 state with a high λEdd, with λEdd > 0.04. The type 1.9 state was observed at a low λEdd, with λEdd ∼ 0.013. Given the unobscured nature of the source, the accretion is likely to be the reason for the CL transition.
C.19. HE 1136–2304
HE 1136–2304 was observed in type 1.9 state in 1993 (Reimers et al. 1996). The X-ray flux was very low with λEdd ∼ 0.0014. The May 2002 observation also found HE 1136–2304 in type 1.9 state. In 2014, an outburst was detected, as the source transitioned to a type 1 state with increasing flux (Parker et al. 2016; Kollatschny et al. 2018; Zetzl et al. 2018). The X-ray flux also increased, with λEdd ∼ 0.02 − 0.2 in 2014-2015. HE 1136–2304 also showed a clear correlation of λEdd and the spectral state, as it transitioned toward a type 1 state with increasing λEdd.
HE 1136–2304 showed a variable NH. However, since the NH varied in the range ∼1 − 5 × 1021 cm−2, the obscuration is not likely the reason for the CL transition in this source. The accretion rate is the most likely responsible for the CL event.
C.20. IRAS 23226–3843
IRAS 23226–3809 was observed in type 1.9 state in 1997 (Kollatschny et al. 2023). It was found in type 1.9 state in 2005 observation (Koss et al. 2017). The 2016 observation revealed that the source transitioned to a type 1 state (Oh et al. 2022), with λEdd ∼ 0.01. In May 2017, IRAS 23226–3809 lost its broad Hβ line as it transitioned to type 1.9 state (Kollatschny et al. 2020). On September 1, 2019, the optical observation revealed that the source was in a type 1.9 state. With increasing X-ray flux, the source returned to the type 1 state on September 24, 2019. The spectral state change was associated with an optical outburst in the source. The source remained in type 1 state until the end of 2019 (Kollatschny et al. 2023). In May 2020, IRAS 23226–3809 fainted and entered in a low type 1.9 state (Kollatschny et al. 2023). The X-ray flux was observed to be low in this state; however, we did not have any simultaneous observation to estimate the λEdd at this time.
Similar to most CLAGNs in our sample, IRAS 23226–3809 transitioned toward a type 2 state with decreasing λEdd. The source was found in type 1.9 state when λEdd ∼ 0.002. The type 1 state was observed a higher λEdd, with λEdd > 0.01. In IRAS 23226–3843, the NH was found very low, with NH < 4 × 1020 cm−2. This indicates that the accretion rate is the reason for the CL transition in the source.
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	[image: thumbnail]	Fig. 1. Distribution of λEdd with the spectral states for each source. The horizontal dashed red lines in each panel represent the transition Eddington ratio ([image: equation]) for each source except NGC 2992. NGC 2992 did not show a transition between type 1 and type 1.8–2 states.
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	[image: thumbnail]	Fig. 2. Median Eddington ratio in each spectral state. The blue circles represent the median λEdd for CLAGNs. The orange diamonds represent the median λEdd for the other AGNs from the BASS sample for which CL transitions were not detected.
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	[image: thumbnail]	Fig. 3. Variation in NH as a function the spectral state for our sample. In NGC 526A, NGC 7603, and HE 1136–2304, the NH value is only available for type 2, type 1.8, and type 1.0 states, respectively.
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	[image: thumbnail]	Fig. 4. Median NH in each spectral state. The blue circles and orange diamonds represent the CLAGNs in our sample and other AGNs from the BASS sample, respectively.
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	[image: thumbnail]	Fig. 5. Fraction of CLAGNs in different spectral states for different NH. The blue circles, orange squares, green diamonds, and red triangles represent the type 1, 1.8, 1.9, and 2.0 states, respectively.
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	[image: thumbnail]	Fig. 6. Fraction of CLAGNs in different spectral states for different λEdd. The blue circles, orange squares, green diamonds, and red triangles represent the fraction of CLAGNs in type 1, type 1.8, type 1.9, and type 2 states, respectively.
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	[image: thumbnail]	Fig. 7. Transition Eddington ratio ([image: equation]) for different spectral state transitions. The gray circles represent the [image: equation] for individual objects, while the red triangles represent the median value of the [image: equation].
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	[image: thumbnail]	Fig. 8. Distribution of the upper limit of the timescale for the CL events. The vertical dashed blue and dot-dashed black lines represent the median and mean values of the distribution, respectively.
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	[image: thumbnail]	Fig. 9. Relation of the transition timescale (tCL) with the black hole mass in logarithmic scale (log MBH). The downward pointing purple arrows represent the upper limit of the transition time for all CL transitions in our study. The dashed-dot-dot-dashed blue, dot-dashed orange, dashed red, and solid green lines represent the viscous time, cold front propagation time, thermal time, and dynamic time, respectively. The timescales are calculated assuming a disk aspect ratio H/R = 0.2 and a viscosity parameter α = 0.1.
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      Fig. 1. 

      
        [image: thumbnail]
      

      
        Distribution of λEdd with the spectral states for each source. The horizontal dashed red lines in each panel represent the transition Eddington ratio ([image: equation]) for each source except NGC 2992. NGC 2992 did not show a transition between type 1 and type 1.8–2 states.

      

    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Median Eddington ratio in each spectral state. The blue circles represent the median λEdd for CLAGNs. The orange diamonds represent the median λEdd for the other AGNs from the BASS sample for which CL transitions were not detected.

      

    

  
    
      Table 1. 

      Mean and median Eddington ratio (λEdd) and hydrogen column density (NH) for CLAGNs and other AGNs from BASS for which CL transitions have not been detected.

      
        


	Type
	log λEdd
	log(NH/cm2)
	



	
	

	



	
	Mean
	Median
	Mean
	Median





	Type 1
	−1.40 ± 0.08
	−1.30 ± 0.09
	21.32 ± 0.23
	21.35 ± 0.15



	Type 1.8
	−2.13 ± 0.10
	−2.24 ± 0.14
	21.66 ± 0.16
	21.88 ± 0.14



	Type 1.9
	−2.49 ± 0.14
	−2.59 ± 0.13
	21.66 ± 0.09
	21.61 ± 0.08



	Type 2
	−2.59 ± 0.13
	−2.71 ± 0.12
	22.24 ± 0.11
	22.32 ± 0.11



	




	All unbeamed AGNs, from BASS, (Koss et al. 2022a)



	




	Type 1
	
	−0.99 ± 0.07
	
	20.00 ± 0.06



	Type 1.8
	
	−1.53 ± 0.08
	
	21.04 ± 0.07



	Type 1.9
	
	−1.81 ± 0.11
	
	22.28 ± 0.13
	



	Type 2
	
	−1.90 ± 0.09
	
	23.27 ± 0.08
	





      

    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Variation in NH as a function the spectral state for our sample. In NGC 526A, NGC 7603, and HE 1136–2304, the NH value is only available for type 2, type 1.8, and type 1.0 states, respectively.

      

    

  
    
      Fig. 4. 

      
        [image: thumbnail]
      

      
        Median NH in each spectral state. The blue circles and orange diamonds represent the CLAGNs in our sample and other AGNs from the BASS sample, respectively.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Fraction of CLAGNs in different spectral states for different NH. The blue circles, orange squares, green diamonds, and red triangles represent the type 1, 1.8, 1.9, and 2.0 states, respectively.

      

    

  
    
      Fig. 6. 

      
        [image: thumbnail]
      

      
        Fraction of CLAGNs in different spectral states for different λEdd. The blue circles, orange squares, green diamonds, and red triangles represent the fraction of CLAGNs in type 1, type 1.8, type 1.9, and type 2 states, respectively.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Transition Eddington ratio ([image: equation]) for different spectral state transitions. The gray circles represent the [image: equation] for individual objects, while the red triangles represent the median value of the [image: equation].

      

    

  
    
      Table 2. 

      Median transition Eddington ratio ([image: equation]).

      
        


	
	1 → 1.8/1.9/2
	1.8 → 1.9/2
	1.9 → 2.0





	
[image: equation]
	−2.01 ± 0.23
	−2.50 ± 0.18
	−2.62 ± 0.19





      

    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
        Distribution of the upper limit of the timescale for the CL events. The vertical dashed blue and dot-dashed black lines represent the median and mean values of the distribution, respectively.

      

    

  
    
      Fig. 9. 

      
        [image: thumbnail]
      

      
        Relation of the transition timescale (tCL) with the black hole mass in logarithmic scale (log MBH). The downward pointing purple arrows represent the upper limit of the transition time for all CL transitions in our study. The dashed-dot-dot-dashed blue, dot-dashed orange, dashed red, and solid green lines represent the viscous time, cold front propagation time, thermal time, and dynamic time, respectively. The timescales are calculated assuming a disk aspect ratio H/R = 0.2 and a viscosity parameter α = 0.1.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Comparison of the median Eddington ratio (λEdd) of CLAGNs and other AGNs in the BASS sample with redshifts. Three bins are constructed, for redshifts Δz = 0 − 0.01, 0.01 − 0.03, and 0.03 − 0.06; these bins contain eight, seven, and five CLAGNs, respectively. For the other AGNs from BASS, each bin is constructed by randomly selecting the same number of AGNs as CLAGNs in the same bin and bootstrap-processed with 1000 realizations. The median λEdd for type 1, type 1.8, type 1.9, and type 2 with redshifts are show in the top-left, top-right, bottom-left and bottom-right panels, respectively.

      

    

  
    
      Table A.1. 

      CLAGNs.

      
        


	No.
	Source
	BAT
	RA
	Decl
	z
	log(MBH/M⊙)
	Ref.
	CL Transition



	
	
	ID
	
	
	
	
	
	



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)





	1
	NGC 526A
	72
	20.973
	–35.060
	0.019
	8.17 ± 0.41
	1
	1.0 (1978) → 1.9 (1986–2004) →



	
	
	
	
	
	
	
	
	2.0 (2009) → 1.9 (2016–2018)



	2
	NGC 1365
	73
	53.389
	–36.140
	0.005
	6.65 ± 0.09
	2
	2.0 (1978) → 1.0 (1979–1993) → 1.9 (2009)



	
	
	
	
	
	
	
	
	→ 2.0 (2010) → 1.8 (2012–2013)



	
	
	
	
	
	
	
	
	→ 1.0 (2013–2014) → 2.0 (2021)



	
	
	



	3
	NGC 1566
	216
	65.002
	–54.938
	0.0051
	6.83
	1
	1.0 (1979–1984) → 1.8 (1984)



	
	
	
	
	
	
	
	
	→ 1.9 (1985) →1.8 (1985) →



	
	
	
	
	
	
	
	
	1.0 (1991) → 1.8 (1996) → 1.0 (2010)



	
	
	
	
	
	
	
	
	→ 1.9(2013–2017) → 1.0 (2018–2021)



	
	



	4
	NGC 2617
	1327
	128.912
	-4.088
	0.0142
	7.32 ± 0.08
	3
	1.8 (1994–2003)→ 1.0 (2013–2022)



	
	
	
	
	
	
	
	
	→ 1.9 (2023)



	
	
	
	
	
	
	
	



	5
	NGC 2992
	471
	146.425
	14.326
	0.0077
	7.97
	2
	1.9 (1978–1979) → 2.0 (1985–1991) →



	
	
	
	
	
	
	
	
	1.9 (1994) → 2.0 (1998)→ 1.9 (1999)



	
	
	
	
	
	
	
	
	→ 2.0 (2006) → 1.8 (2014–2021)



	
	



	6
	NGC 3516
	530
	166.698
	72.569
	0.0088
	7.38 ± 0.08
	2
	1.0 (1986–2012)→ 2.0 (2014–2018)



	
	
	
	
	
	
	
	
	→ 1.0 (2019–2020)



	7
	NGC 4151
	595
	182.636
	39.405
	0.0033
	7.58 ± 0.16
	2
	1.0 (1979) → 1.8 (1981) → 1.9 (1984)



	
	
	
	
	
	
	
	
	→ 1.8 (1985–1987) → 1.0 (1990–1996)



	
	
	
	
	
	
	
	
	→1.8 (2000) → 1.0 (2001–2021)



	8
	NGC 5273
	686
	205.471
	35.658
	0.0039
	6.67 ± 0.13
	2
	1.9 (1984–1993) → 1.8 (2006)



	
	
	
	
	
	
	
	
	→ 1.0 (2014–2022)



	9
	NGC 5548
	717
	214.500
	25.135
	0.017
	7.72 ± 0.02
	2
	1.0 (1978–2001) → 1.8 (2005–2007)



	
	
	
	
	
	
	
	
	→ 1.0 (2014–2021)



	10
	NGC 6814
	1046
	295.669
	–10.323
	0.005
	7.04 ± 0.06
	2
	1.8 (1975) → 1.0 (1979–1984)



	
	
	
	
	
	
	
	
	→ 1.8 (1985) → 1.0 (1987) →



	
	
	
	
	
	
	
	
	1.8 (1992) → 1.0 (2008–2015)



	11
	NGC 7582
	1188
	349.598
	–42.370
	0.0052
	7.74
	2
	1.8 (1977) → 1.0 (1998) → 1.9 (1998)



	
	
	
	
	
	
	
	
	→ 2.0 (2004–2016)



	12
	NGC 7603
	1189
	349.738
	–0.244
	0.029
	8.59
	2
	1.0 (1974) → 2.0 (1975) →



	
	
	
	
	
	
	
	
	1.0 (1976–2009)→ 1.8 (2012)→ 1.0 (2019)



	13
	Mrk 6
	347
	103.0501
	74.427
	0.018
	8.1
	2
	1.0 (1976) → 1.8 (1977) → 1.0 (1981–2008)



	14
	Mrk 590
	116
	33.639
	–0.767
	0.026
	7.57
	2
	1.0 (1982–2003) → 1.8 (2006) →



	
	
	
	
	
	
	
	
	1.9 (2013–2014) → 1.0 (2017–2018)



	
	
	



	15
	Mrk 1018
	106
	31.567
	–0.291
	0.042
	7.81
	2
	1.9 (1979) → 1.0 (1984–2013) →



	
	
	
	
	
	
	
	
	1.9 (2015) → 1.8 (2019)



	16
	Mrk 1393
	757
	227.176
	–0.183
	0.054
	8.61 ± 0.30
	1
	1.0 (1984) → 1.9 (1993–2001) →



	
	
	
	
	
	
	
	
	1.8 (2005–2006) → 1.0 (2022)



	17
	3C 390.3
	994
	280.553
	79.774
	0.056
	8.64 ± 0.05
	1
	1.0 (1978) → 1.8 (1979–1984)



	
	
	
	
	
	
	
	
	→ (1985–2014)



	18
	Fairall 9
	73
	20.941
	–58.806
	0.047
	8.30 ± 0.08
	2
	1.0 (1979–1983) → 1.9 (1984)



	
	
	
	
	
	
	
	
	→ 1.0 (1985–2016)



	
	
	
	
	
	
	
	



	19
	HE 1136–2304
	557
	174.701
	–23.349
	0.027
	7.62 ± 0.59
	1
	1.9 (1993–2002) → 1.0 (2014–2015)



	20
	IRAS 23226–3843
	1194
	351.359
	–38.471
	0.035
	7.83
	2
	1.9 (1997–2005) → 1.0 (2016) → 1.9



	
	
	
	
	
	
	
	
	(2017–2019) → 1.0 (2019) → 1.9 (2020)





      

      
Notes. Columns: (2) source name, (3) BAT ID of the source, (4) & (5) source position in J2000 epoch, (6) redshift of the source, (7) mass of the black hole, (8) references for black hole mass, and (9) information of the optical spectral states. References for MBH: (1) Koss et al. (2017), (2) Koss et al. (2022a), (3) Feng et al. (2021a). For the references of CL transition, see Appendix C.
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