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Abstract

Context. Unusually, there are still certain characteristics of the changing-look (CL) active galactic nuclei (AGNs) that remain undetected. Consequently, the trigger mechanism behind the CL phenomenon observed in partial AGNs remains unknown.

Aims. We explore the light curve and spectral energy distribution (SED) of the CL blazar OQ 334 as obtained by Fermi-LAT.

Methods. By examining the variability of the equivalent width (EW), we categorise the Fermi-LAT light curves of OQ 334 during the epoch of MJD 54628−58677 into seven distinct epochs, including the flat spectrum radio quasar (FSRQ) state, the transition state, and the BL Lac state. We obtained both a Fermi-LAT SED and a multi-wavelength SED for each of these distinct epochs.

Results. The source exhibits a transformation from a quiescent state to a highly active state, as evidenced by the variability of the EW. The multi-wavelength SEDs display a prominent external Compton characteristic, even though the Fermi-LAT SED reveals both a FSRQ and a BL Lac state across the seven different epochs. To gain further insights, we employed a leptonic model that takes into account the soft photon fields originating from both synchrotron radiation and the external environment. By simulating the multi-wavelength SEDs for each epoch, we uncover the following results. Firstly, the energy density of the external photon fields evolves in an oscillatory manner over the seven different epochs. Also, the energy density of the external photon fields in the BL Lac state is lower than that in the FSRQ state.

Conclusions. These findings suggest that the CL blazar represents a unique phase in the blazar sequence. Considering that the energy density of the external photon fields is proportional to the accretion rate, we propose that evidence for the interconversion of advection-dominated accretion flow (ADAF) discs and standard Shakura–Sunyaev discs (SSDs), – as variations in accretion modes in the CL blazar – can be obtained through observations by Fermi-LAT.
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1. Introduction
Blazars, a subclass of active galactic nuclei (AGNs), exhibit a peculiar characteristic where the angle between the jet direction of the blazar and the line of sight is extremely small. The multi-wavelength spectral energy distribution (SED) serves as a representation of the energy-flux density of blazars across different frequencies. The SED prominently displays two distinct humps. The first hump, known as the low-energy hump, is typically observed within the optical to X-ray wavelength range. The second hump, referred to as the high-energy hump, is usually observed between X-ray and γ-ray. The generation of the lower energy hump in blazars is widely accepted as being a result of the relativistic electron synchrotron (Syn) radiation occurring within the jet (Urry 1998). However, the mechanism behind the generation of the high-energy hump is still a subject of controversy, with two main explanations being the leptonic model and the hadronic model. In the leptonic model, the second hump is typically attributed to inverse Compton (IC) scattering. Specifically, when the low photon involved in the IC (Maraschi et al. 1992) originates from low-energy Syn radiation, the high-energy hump is generated through synchrotron self-Compton (SSC) radiation (Marscher & Gear 1985). Additionally, when the low-energy photons for the IC come from outside of the jet, the high-energy hump is generated through external Compton (EC) radiation. The external photon field has four main sources: (1) photons emitted from the accretion disc (Dermer et al. 1992; Sikora et al. 1994); (2) photons originating from the broad-line region (BLR) (Sikora et al. 1994; Blandford & Levinson 1995; Ghisellini & Madau 1996; Bednarek 1998); (3) photons derived from infrared radiation emitted by the dust torus (DT) outside the jet zone, and microwave background radiation (Wagner & Witzel 1995).
The SSC model has been widely employed to fit the multi-wavelength SED of BL Lacertaes (BL Lacs) (Krawczynski et al. 2004; Zhang et al. 2012), while a combination of SSC and EC is often used to describe flat-spectrum radio quasars (FSRQs) more accurately (Böttcher & Chiang 2002; Ghisellini et al. 2011; Yan et al. 2014; Zhang et al. 2014; Hovatta & Lindfors 2019). Blazars can also be categorised based on the peak frequency of their low-energy Syn radiation: low-synchrotron-peaked objects (LSP, [image: equation] Hz), intermediate-synchrotron-peaked objects (ISP, [image: equation] Hz), and high-synchrotron-peaked objects (HSP, [image: equation] Hz) (Abdo et al. 2010a). Another categorisation of blazars is based on the equivalent width (EW) of their emission lines (Stocke et al. 1991; Urry & Padovani 1995). BL Lacs have weak or no emission lines if EW <  5 Å, while FSRQs exhibit strong emission lines, with EW >  5 Å.
OQ 334, also known by other names such as QSO B1420+326 (D’Ammando et al. 2022), B2 1420+32 (Mishra et al. 2021), and FSRQ QSO B1420+326 (MAGIC Collaboration 2021), is classified as a FSRQ and falls under the category of blazars in the 4FGL catalogue (Abdollahi et al. 2020). It has a redshift value of 0.6819 (Hewett & Wild 2010). Since the launch of Fermi Gamma-Ray Space Telescope Large Area Telescope (Fermi-LAT) in 2008, OQ 334 has been observed in γ-ray at relatively low brightness (Prince et al. 2021). However, in 2018, a γ-ray flare was detected (Ciprini 2018). Two years later, another flare was observed by Fermi-LAT (Ciprini & Cheung 2020; Kang & Lyu 2022). Mishra et al. (2021) found significant evidence of the changing nature of OQ 334 (also known as B2 1420+32). Before January 4, 2018, this object was observed as a FSRQ, but between January 4 and 6, 2018, it transitioned into a BL Lac state, before changing back into a FSRQ state again 96 days later. This phenomenon of transitioning between different types is referred to as the changing look (CL) phenomenon. OQ 334 has been identified as a CL blazar.
The category of CL AGNs is defined when certain conditions are met. One condition involves the observation of the phenomenon of broad emission lines turning on or turning off over a timescale of several years in the optical spectrum of certain AGNs (Shappee et al. 2014; LaMassa et al. 2015; Runnoe et al. 2016; McElroy et al. 2016; Parker et al. 2016; Ruan et al. 2016; Yang et al. 2018; Raimundo et al. 2019; Graham et al. 2020; Wang et al. 2020; Kollatschny et al. 2020). Another condition pertains to X-ray observations, wherein the state of some AGNs transitions between the Compton-thick and the Compton-thin states on timescales ranging from hours to months (Matt et al. 2003; LaMassa et al. 2015, 2017; Ricci et al. 2016). Additionally, there have been instances where certain Seyfert galaxies have transformed into different types of Seyfert galaxies within a few years, while some of them eventually revert back to their original state (Tran et al. 1992; Storchi-Bergmann et al. 1993; Aretxaga et al. 1999; Denney et al. 2014). The identification of an increasing number of CL AGNs is the result of extensive searches within the vast expanse of AGNs (Álvarez Crespo et al. 2016; Kollatschny et al. 2018; Ai et al. 2020). The information we have on these phenomena holds great significance in our understanding of various processes, such as black hole accretion physics, the co-evolution of AGNs and galaxies, and the role of AGNs in their host galaxies.
The phenomenon of CL has attracted the attention of numerous authors aiming to understand the underlying causes. Two prevailing arguments have emerged to explain this phenomenon. Firstly, it has been proposed that CL occurs due to variable obscuration, wherein the obscuring material moves in or out along the line of sight of the observer. This movement leads to the appearance or disappearance of the broad emission lines (Marin et al. 2013; Agís-González et al. 2014; Rivers et al. 2015; Turner et al. 2018). Alternatively, variation in the accretion rate of the black hole has been proposed to contribute to the CL phenomenon (Feng et al. 2021). For instance, a dramatic decrease in the accretion rate results in a significant reduction in high-energy radiation from the accretion disc, which is then not sufficient to produce broad emission lines. Conversely, an enhancement in the supermassive black hole (SMBH) accretion rate can give rise to the generation of broad emission lines. AGNs associated with the former interpretation are often referred to as changing-obscuration AGNs (CO-AGNs), while those related to the latter interpretation are termed as changing-state AGNs (CS-AGNs) (Ricci & Trakhtenbrot 2023).
Mishra et al. (2021) propose that the CL phenomenon observed in OQ 334 is a result of a significant change in the continuous flux of the jet, which dilutes the spectral broad emission line and allows for transitions between FSRQ and BL Lac states (Kang et al. 2023). Changing-look blazars may be due to jet variability or accretion disc variation. The aim of this work is to investigate the underlying mechanisms responsible for the continuous radiation of the jet, with a specific focus on γ-ray emissions, and to try to explain the mechanism that triggers the CL phenomenon in OQ 334.
This paper is organized as follows. Sect. 2 provides details on the data sources and data compilation. In Sect. 3, we present the model and explain the parameter adjustments made during the analysis. Section 4 applies the developed model to OQ 334, presenting the obtained results. Section 5 discusses the observed phenomena and their implications. Finally, in Sect. 6, we summarise our findings. Throughout this work, we consider the following cosmological constants: H0 = 67.8 km s−1 Mpc−1, ΩM = 0.308, Ωr = 0, and ΩΛ = 0.692 (Planck Collaboration XIII 2016).
2. Data reduction and analysis
2.1. γ-ray data
We performed an analysis of γ-ray data provided by Fermi-LAT covering the energy range of 0.1–300 GeV from August 11, 2008, to July 12, 2019. To handle the large volume of irregular and discontinuous Fermi observation data, we employed the Fermitools toolkit. The photon file and spacecraft file (at the end of * * *.fits) observed by Fermi-LAT were processed into the required format (ending in * * *.csv), which is needed to use in the prompt of the Likelihood Analysis With Python website1. The gtselect package was used to select and extract the event data file, and to select the coordinates of OQ 334 as the center at the same epoch. A region of interest (ROI) radius of 10 deg was chosen to determine the source area, and photons with energies ranging from 100 MeV to 0.3 TeV were selected. Additionally, to mitigate the earth’s albedo contamination, we implemented a zenith angle cut of less than 90°. Subsequently, the gtmktime package was used to select spacecraft data file variables and create good time intervals (GTIs). The gtbin package was employed to generate an ROI count map for subsequent spectrum generation. The gtltcube and gtexpmap packages were used to produce the exposure map. The galactic interstellar emission model2 (gll_iem_v07. fits) and isotropic spectral template (iso_P8R3_SOURCE_V3_v1.txt) were used to create an XML format file using the generated 4FGLxml.py script (Abdollahi et al. 2020); see for example Zhu et al. (2021). The diffuse sources contained in the source model XML file were created using gtdiffrsp, and the analysis was performed using the gtlike task. To quantify the γ-ray analysis, we employed the maximum likelihood test statistic TS = 2Δlog(L), where L represents the ratio of the likelihood values between the model with γ-ray point objects and the model without γ-ray objects (Mattox et al. 1996; Zeng et al. 2022; Abdollahi et al. 2020). Combining these steps with the open-source Python software package Fermipy (Wood et al. 2017) allowed us to calculate the γ-ray photon spectrum of OQ 334 using Fermi-LAT data.
2.2. X-ray data
The Swift XRT is an X-ray imaging spectrograph known for its notable advantages (Burrows et al. 2005). Firstly, it exhibits sensitivity in the 0.2–10 KeV energy band. Secondly, it offers two timing modes, namely the photon counting (PC) mode and the windowed timing (WT) mode, enabling accurate photometric measurement and the generation of photometric curves with a time resolution of at least 10 ms. To select X-ray data that are quasi-simultaneous with gamma rays, we retrieved data from the High Energy Astrophysics Science Archive Research Center (HEASARC) website3 spanning from April 12, 2005, to July 13, 2019 (see Table 1). The data were analysed according to standard threads4 for level I data. The Swift XRT data were restored using HEASoft 6.26.1. The source area file was selected from a central circle with a radius of approximately ∼20 pixels (47 arcsec), while the background area file was chosen from a ring with internal and external radius of approximately ∼51 pixels (120 arcsec) and ∼85 pixels (200 arcsec), respectively. The level II data from both WT mode and PC mode were used to generate the light curves and spectra using the xselect tool. The spectra from WT mode and PC mode were binned using grppha, with a minimum requirement of 20 and 10 photons per bin, respectively. To restore the X-ray spectra, specific response matrix files (swxwt0to2s6_20131212v015.rmf, swxpc0to12s6_20130101v014.rmf) were employed for WT mode and PC mode, respectively. Standard auxiliary response files were created using xrtmkarf. We used the xspec 12.10.1 software package to fit the grouped optical spectrum, and the redshift power law (zPL) model to fit the energy spectrum.
Table 1. 
Fermi-LAT and Swift observation times and Fermi-LAT SED results in CL.

2.3. Optical/ultraviolet, and other data
The Ultraviolet Optical Telescope (UVOT, Roming et al. 2005) on the Swift satellite was employed for the analysis of all the observed data within the MJD 54628−58677 epoch interval. The UVOT instrument uses six filters to capture optical and ultraviolet (UV) data across various wavelengths: V (500–600 nm), B (380–500 nm), U (300–400 nm), UVW1 (220–400 nm), UVM2 (200–280 nm), and UVW2 (180–260 nm). Following the recommended threads5, the source and the background files were extracted from circles with radii of 5° and 20°, respectively, using HEASoft 6.26.1. Subsequently, the flux values were adjusted for reddening using a value of E(B − V)=0.093 mag. The magnitudes corresponding to the V, B, U, UVW1, UVM2, and UVW2 bands were corrected by 0.173, 0.229, 0.275, 0.394, 0.457, and 0.481 mag (Raiteri et al. 2015), respectively.
To compile the multi-frequency flux observation data of OQ 334, we gathered the available data from the ASI Space Science Data Center (SSDC6) and calculated their averages based on the methodology proposed by Zhou et al. (2021). Additionally, the SSDC website was consulted to obtain further potentially useful data for analysis.
3. The model
3.1. Fermi-LAT SED
We conducted a standard Fermi-LAT likelihood analysis on the initial Fermi-LAT observations of OQ 334. The spectrum of OQ 334 was modelled using a power-law spectrum (Fan et al. 2002, 2013; Abdo et al. 2010b) to obtain the relation between γ-ray logν and logνfν:
[image: thumbnail](1)
where Γγ represents the photon spectrum index, and N0 denotes the initial flux.
3.2. Multi-wavelength SED
In this work, we employed the traditional Syn+ SSC+ EC model (Sambruna et al. 1999; Chen & Bai 2011; Kang et al. 2016) to fit the SED of OQ 334. The model assumes the presence of a spherical radiation region with a radius R, containing extremely relativistic electrons and a disordered, uniform magnetic field B. It is further assumed that the homogeneous sphere moves outward relative to the jet with a velocity of ν = cβ along the jet direction, where c represents the speed of light, [image: equation], and Γ is the bulk Lorentz factor. For relativistic jets with narrow observation angles θ ≤ 1/Γ, the Doppler factor is δ = [Γ(1 − βcosθ)]−1 ≈ Γ. The electron spectrum is characterised by a log-parabolic distribution generated through random acceleration, as described by Eq. (2) (Massaro et al. 2004a, 2004b; Tramacere et al. 2009, 2011; Chen 2014):
[image: thumbnail](2)
where, s denotes the spectral index, b represents the spectral curvature, γ0 is the initial Lorentz factor, and K0 is the normalisation constant of the logarithmic parabolic electron spectrum.
The energy-flux density of EC radiation is calculated using the following formula in the observer coordinate system:
[image: thumbnail](3)
In Eq. (3), [image: equation] represents the dimensionless energy of the scattered photon in the co-moving coordinate system, ν′ corresponds to the frequency of the scattered photon, [image: equation] denotes the energy density of the external photon field (Count [image: equation] as Uext) (Yan et al. 2012; Zheng et al. 2019, 2020). [image: equation] denotes the Compton scattering kernel, as described in Eq. (4) (Finke et al. 2008; Dermer et al. 2009), and dL represents the luminosity distance (Capelo & Natarajan 2007; Fan et al. 2015), as described [image: equation]. Both the SSC and EC models in the present study take into account the Klein–Nishina (KN) effects.
[image: thumbnail](4)
where [image: equation], and [image: equation].
We propose that the seed photons of the IC process originate from two sources: photons generated by Syn radiation within the jet and the photons emitted by the BLR and DT located outside the jet’s radiation region. To investigate the variations in the energy density of the external photon field during the CL phenomenon and the source of seed photons from the external photon field, we treat the radiation region location rdis and the energy density of the external photon field Uext as free parameters. We use rdis to denote the distance of the emitting region from the central source.
Our model encompasses a total of 11 parameters: s, b, γmin, γmax, γ0, K0, δ, B, R, rdis, and Uext. The parameters γmin and γmax were found to have no significant impact on the fitting results and so we fixed them to reduce the number of model fitting parameters. We adopted a typical value of γmin = 50 and γmax = 1 × 108 (e.g., Kang et al. 2014, 2016, 2021; Zhang et al. 2014). The radius of the radiation region is estimated using the typical minimum variability timescale Δtvar = 1 day (e.g., Ghisellini et al. 1998a; Fossati et al. 2008; Zhang et al. 2012), which corresponds to R = cδΔtvar/(1 + z) (e.g., Abdo et al. 2009; Cao & Wang 2013). The other parameters, namely s, b, γ0, K0, δ, rdis, and B, were kept as free variables in our fitting. We evaluated the chi-square value [image: equation], where d.o.f. corresponds to the number of free parameters; N represents the number of observation data points that participate in the chi-square value calculation; ŷi denotes the expected value predicted by the model; yi represents the observed data; and σi signifies the standard deviation of the data point (Aleksić et al. 2014; Ivezić et al. 2020).
4. Result
4.1. Fermi-LAT light curve and SED
Mishra et al. (2021) analysed the variation of the EW of Mg II, Hβ, and [OIII]5007 Å in the context of the CL phenomenon in OQ 334, demonstrating the existence of oscillatory variations (see Fig. 1). Based on the criterion of whether the EW of the Mg II line exceeds 5 Å, the CL phenomenon of OQ 334 within the MJD 54628−58677 epoch can be categorised into seven epochs: F1, T1, B1, T2, F2, T3, and B2 (refer to Table 1 and Fig. 1), with MJD 54628−58677 denoted as F1 − B2. The division of these specific epochs is as follows: an epoch where the Mg II EW (represented by a red dot) exceeds 5 Å is classified as an FSRQ state; an epoch where the Mg II EW falls below 5 Å is classified as a BL Lac state; and an epoch with no red dot is classified as a transitional state between FSRQ and BL Lac. Notably, the F1 epoch is selected as MJD 54628−58082 instead of MJD 53472−58082 due to the use of the γ-ray data obtained through Fermi-LAT, which was launched on June 11, 2008 (MJD 54628). Additionally, as T1 is the same as T3, given that OQ 334 transitioned from the FSRQ to the BL Lac state, and the T3 epoch lasted for 27 days, it is assumed that the T1 epoch spanned 38 days, resulting in the range MJD 58083−58121 for T1.
	[image: thumbnail]	Fig. 1. CL event of the blazar OQ 334 at MJD 54628−58677 (Mishra et al. 2021). According to the FSRQ EW of greater than 5 Å and the BL Lac EW,which is less than 5 Å, the entire CL epoch (MJD 54628−58677, F1 − B2) is subdivided into an FSRQ state (F1, F2), a transition state (T1, T2, T3), and a BL Lac state (B1, B2).



We analysed the Fermi-LAT light curve for the epoch MJD 54628−58677, as depicted in Fig. 2. Each point in the light curve possesses a TS value of greater than or equal to 15. These authors also analysed the light curves in the 0.1–1 GeV range (low-energy band, denoted F0.1 − 1 GeV) and the 1–300 GeV range (high-energy band, F1 − 300 GeV) of γ-rays during the CL phenomenon. We also calculated the value of fractional flux variability (Fvar; Rodríguez-Pascual et al. 1997; Edelson et al. 2002; Vaughan et al. 2003; Liao et al. 2014; Prince et al. 2018). We obtain Fvar = 0.690 ± 0.040 in the 0.1–1 GeV energy bands, and Fvar = 0.872 ± 0.191 in the 1–300 GeV energy bands.
	[image: thumbnail]	Fig. 2. Fermi-LAT at MJD 54628−58677 (bin = 5 days). The flux in the 0.1–1 GeV band is indicated by F0.1 − 1 GeV (top panel). Flux in the 1–300 GeV band is expressed as F1 − 300 GeV (bottom panel). The range of the light curve corresponding to F1, T1, B1, T2, F2, T3, and B2 of the CL phenomenon is marked by black segments. The data points below certain TS ≤ 15 are removed.



The Fermi-LAT SED corresponding to epochs F1, T1, B1, T2, F2, T3, B2, and F1-B2 (refer to Fig. 3) was fitted using Fermipy, resulting in the determination of the photon spectral index Γγ for each epoch (see Table 1). We note that the photon spectral index in the transition states (T1, T2, T3) and the FSRQ states (F1, F2) was significantly higher than that in the BL Lac states (B1, B2) (see Table 1). Consequently, a correlation between the type transformation and the change in photon spectral index can be inferred. The photon spectral index of F1 − B2 is closer to that of F1 and F2.
	[image: thumbnail]	Fig. 3. Fermi-LAT SED for the CL phenomenon. The solid black line is the best fit for the likelihood analysis over the entire energy range. The blue dots are γ-ray data points, and the green downward arrows indicate the upper energy limit. The purple area is the 1σ confidence band. The ‘letters + numbers’ in each subgraph correspond to the status in Table 1.



4.2. Multi-wavelength SED 
We fitted the multi-wavelength SED plot of OQ 334 during the CL phenomenon using a one-zone leptonic model (Syn+ SSC+ EC), as illustrated in Fig. 4. To obtain quasi-simultaneous data for eight epochs and to better constrain the SED, we searched for the corresponding times and present them in Table 1. For the F1 epoch, we obtanied optical data points from the SSDC website; these are listed in Table 2. However, no UV, optical, or X-ray data were available for the T1 epoch, and therefore we included archival and non-quasi-simultaneous data to constrain the SED fitting plot for that particular epoch.
	[image: thumbnail]	Fig. 4. Multi-wavelength SED of the CL phenomenon. The dotted red, dashed green, dot-dashed blue, and dashed purple lines represent the Syn, SSC, EC, and EBL absorption, respectively. The solid black line represents the total spectrum of the SED fit. The red dots represent quasi-simultaneous data. Blue dots represent non-quasi-simultaneous data. Grey dots represent archival data. In these subgraphs, F1, T1, B1, T2, F2, T3, and B2 represent the SED in each state of the CL phenomenon, and F1-B2 represents the SED of the entire CL phenomenon. The grey background represents the 1σ parameter space of the SED model and is displayed starting from the optical observation data points participating in the fit. The lower panel of each subplot shows the residual of the fit. (a) The FSRQ state in MJD 54628−58082. (b) FSRQ conversion to BL Lac state in MJD 58083−58121. (c) The BL Lac state in MJD 58122−58124. (d) BL Lac conversion to FSRQ state in MJD 58125-58220. (e) The FSRQ state in MJD 58221−58637. (f) FSRQ conversion to BL Lac state in MJD 58638−58664. (g) The BL Lac state in MJD 58665-58677. (h) The CL blazar state in MJD 54628−58677.



Table 2. 
Time record of optical quasi-simultaneous data at the F1 epoch.

In order to constrain the peak value of synchrotron, we selected the optical data from the F1 epoch as non-simultaneous data for epochs without quasi-simultaneous optical data (T1, B1, T2, F2, T3, and B2). Additionally, it is generally considered that the radio emission region is relatively large compared to other bands, and therefore the radio data (logν <  11.5 Hz) are not included in the fitting process (Kang et al. 2014). In order to restrict SSC, for the F1 and T1 epochs, we use the X-ray data in their averaged state for these epochs. Specifically, this refers to the X-ray data obtained by averaging observations from the T2, F2, T3, and B2 epochs (Zhou et al. 2021). In particular, for epochs B1 and F1 − B2, we continue to employ the averaged X-ray data to restrict SSC, as their quasi-simultaneous X-ray data exhibit significant discrepancies. Due to constraints imposed by the synchrotron process on the maximum electron energy, the emission flux in the very high-energy band does not meet expectations. As a result, data points with energies exceeding 10 GeV are excluded from all epochs of SED fitting. Furthermore, it was observed that the archival data of OQ 334 exhibit a prominent ‘big blue bump’ (14 Hz <  logν <  16 Hz). However, as this hump originates from thermal radiation of the DT, the accretion disc, and the host galaxy (Donato et al. 2001; Abdo et al. 2010a; Giommi et al. 2012; Ackermann et al. 2015), it was not possible to use data points within the region of the large blue bump to constrain the SED during the fitting process. In Fig. 4, we employ the least-squares fitting technique (Mankuzhiyil et al. 2011; Kang 2017) to determine the 1σ parameter space (confidence interval) in the SED model and represent it as a shaded gray region. It is worth noting that the X-ray data for epochs F1, T1, B1, and F1 − B2 are relatively discrete, and the fitting line for the upper and lower boundaries of the parameter space cannot reach 1σ. Therefore, the X-ray data are not taken into account when giving the 1σ parameter space of these four epochs, and this space should contain all the observed optical and γ-ray fitting data points whenever possible. The determination of the 1σ parameter space in epochs T2, F2, T3, and B2 involves taking into account optical, X-ray, and γ-ray observational data points. Within this parameter space, the fitting line with the smallest chi-square value is selected as the locally optimal line for SED fitting. Additionally, the 1σ uncertainty for each free parameter is determined using the standard deviation. At the same time, the 1σ uncertainty for each free parameter is given by the standard deviation (Feigelson & Babu 2012; Pössel 2020; for example [image: equation]).
Local optimal parameter values obtained from the multi-wavelength SED fitting and the corresponding chi-square values χ2 were recorded and are presented in Table 3.
Table 3. 
Multi-wavelength SED fits to local optimal parameters and the chi-square value χ2.

This fitting result reveals that the energy density of the external photon field varies across each epoch, with Uext being higher in epochs F1 and F2 compared to epochs B1 and B2. This difference exhibits an evident oscillatory mode (as shown in Fig. 5).
	[image: thumbnail]	Fig. 5. Variation in the energy density of the external photon field Uext in seven epochs in the CL. The grey background is a 1σ confidence band of Uext.



5. Discussion
5.1. Fermi-LAT light curve and SED
5.1.1. Evolution of OQ 334
By examining the light curve in Fig. 2 and referring to Table 1, we observed that OQ 334 spends a duration of tF1 = 3453 days in the FSRQ state during the F1 epoch, and tF2 = 416 days in the FSRQ state during the F2 epoch. During F1, OQ 334 remains in quiescence, while it becomes active during the F2 epoch. On the other hand, OQ 334 enters the BL Lac state for tB1 = 2 days during the B1 epoch, and tB2 = 12 days during the B2 epoch, with frequent flux variations observed. OQ 334 is in the FSRQ state for a shorter epoch, and is in the BL Lac state for longer. As evident from the oscillations in the EW changes shown in Fig. 1, OQ 334 transitions back to a FSRQ state after the B2 epoch, and the duration of its FSRQ state is expected to be shorter than the F2 epoch (416 days). With continuous oscillatory evolution, OQ 334 may eventually evolve into a BL Lac object (Pandey et al. 2024). Changing-look AGNs represent an intermediate class of transitional galaxies between low-luminosity active galaxies and high-luminosity quasars (Lyu et al. 2022), and CL blazars may be a class of excessive blazar sources in transition from FSRQ to BL Lac type (Kang et al. 2024). Follow-up spectroscopic observations are anticipated; these should provide further evidence to support this hypothesis.
5.1.2. γ-ray flux fluctuation
The values of fractional flux variability indicate that the flux variation amplitude in the high-energy band is larger than it is in the low-energy band. On the other hand, phenomenologically, it can be seen from Fig. 2 that the flux variation frequency in the high-energy band less than it is in the low-energy band. These scenarios suggest that the level of variability is very high during the CL epoch.
When high-energy γ-rays propagate through the Universe, they experience energy loss due to absorption by cosmic background light (Wright 2001). The degree of absorption increases with the redshift of the blazar. However, in the case of the CL phenomenon seen in OQ 334, the redshift value is 0.6819 (Hewett & Wild 2010), which is a constant, allowing us to disregard the influence of cosmic background light in the explanation of why the low-energy band exhibits more pronounced fluctuations than the high-energy band. These latter authors also identified that seed photons in the CL phenomenon mainly originate from the BLR, interacting with relativistic electrons in the radiation region to produce the primary γ-ray. However, the diffuse soft photon field generated by the BLR absorbs the high-energy γ-ray (GeV) (Liu & Bai 2006; Liu et al. 2008), resulting in fewer γ-rays being observed in the high-energy band and a relatively reduced flux variation.
5.1.3. Changes in photon spectral index Γγ
Values of the photon spectral index Γγ in Table 1 were obtained through Fermipy analysis. The γ-ray photon spectral index during the F1 and F2 epochs has been found to exceed 2, while it is below 2 during the B1 and B2 epochs. This is consistent with the results of Abdo et al. (2010c) regarding the γ-ray spectral index results of FSRQ and BL Lac. The separation of hard (BL Lac) and soft (FSRQ) spectra in OQ 334 during EW changes from F1 to B2 can be attributed to the significantly different cooling radiation of relativistic electrons in the jet (Ghisellini et al. 1998b, 2009). For FSRQ objects, γ-ray radiation is primarily dominated by the EC radiation mechanism (Ouyang et al. 2021). It is possible that there exists a similar EC component in the BL Lac state leading F1 − B2 to exhibit the photon spectral index characteristic of FSRQ. Therefore, the variation in soft photons involved in EC radiation might be the primary cause of the observed spectral index hardening or softening.
5.2. Multi-wavelength SED
5.2.1. External photon field energy density and accretion rate
Generally, when the EW is less than 5 Å in BL Lac objects, these latter exhibit neither strong emission lines nor a significant EC component. Nevertheless, there are a few BL Lacs that necessitate the inclusion of weak EC components to resolve the extreme parameter problems associated with SED fitting (Acciari et al. 2008; Abdo et al. 2011; Liao et al. 2014, 2015; Kang et al. 2016). In some BL Lacs, the presence of weak emission lines has been detected, suggesting the existence of EC components (Stocke et al. 2011; Danforth et al. 2016). Furthermore, Mishra et al. (2021) showed the presence of weak emission lines in the BL Lac state, implying that the EC component of OQ 334 may be present in the BL Lac state (B1, B2), albeit it weaker than in the FSRQ state.
The CL phenomenon of OQ 334 was studied using the one-zone leptonic model Syn+ SSC+ EC. The energy density of the external photon field was fitted as presented in Table 3, along with the corresponding fitting plot shown in Fig. 4. Our SED fitting revealed K0 ≈ 1 × 10−5 in the eight epochs, and so the K0 is no longer used as a free parameter, and therefore d.o.f. = 7 in this paper. As the solid black line in the SED plot is the fitted line with the smallest chi-square value in the 1σ confidence band, the magnitude of the chi-square value is related to the distance from the observed data point to the fitted line. Moreover, as can be seen from the lower panel of each subplot in Fig. 4, the chi-square value is smaller when there are more data points near the black line (that is the local best-fit line). This results in the νfν value of the fitted line near the peak of the EC component of (d), (e), and (h) in Fig. 4 being higher than the νfν value of the γ-ray data point at the same frequency.
Ghisellini et al. (1998a) compared the SSC and EC models, considering that seed photons in EC radiation are provided by Syn radiation both within and external to the jet. These authors concluded that the EC scattering process becomes unimportant when the energy density of EC scattering is lower than the energy density of Syn radiation. In this scenario, SSC radiation would be stronger than EC radiation, and the effect of EC radiation might even be negligible. This corresponds to the SED feature of the BL Lac state. However, in our fitted results (Fig. 4), the SSC of F1 − B2 does not appear to be stronger than the EC. This may be attributed to the fact that OQ 334 also has a weaker EC component when in the BL Lac state, which results in the SED exhibiting FSRQ characteristics throughout the CL event.
The origin of the external photon field is closely related to the location of the γ-ray radiation region. The source of seed photons in the external photon field can be limited by the size of the Schwarzschild radius, RS, and the location of the radiation region, rdis, where RS = 2GM/c2. When rdis is smaller than a few hundred RS, seed photons are derived from the accretion disc. If rdis is larger than a few hundred RS but smaller than a few thousand RS, the seed photons originate from the BLR. When rdis exceeds the radius of the outer boundary of the BLR and is less than ∼105RS, the seed photons come from the DT. Finally, when R >  105RS, the seed photons are derived from cosmic microwave background radiation (Ghisellini & Tavecchio 2009; Kang et al. 2014). The accretion disc luminosity, Ldisc = 9.200 × 1045 erg s−1, and the black hole mass, MSMBH = 3.980 × 108 M⊙ (where M⊙ is the solar mass with a magnitude of 1.989 × 1033 g), were calculated based on the work of Prince et al. (2021). Additionally, the Schwarzschild radius is determined as RS ≈ 1.175 × 1014 cm. In this case, the value of several hundred RS is approximately ∼102RS ≃ 102 × RS ≈ 1.175 × 1016 cm, and the value of several thousand RS is approximately ∼103RS ≃ 103 × RS ≈ 1.175 × 1017 cm. Based on our scenario, the fact that rdis satisfies 102RS <  rdis <  103RS (as indicated in Table 3) implies that the seed photons of the external photon field during every epoch are primarily provided by the BLR. The energy density of the external photon field is approximately equal to the energy density of the BLR, Uext ∼ UBLR.
The energy density of the BLR under the observer coordinate system can be approximated as (Ghisellini & Tavecchio 2008)
[image: thumbnail](5)
where Ldisc represents the accretion disc luminosity and RBLR is the characteristic radius of the BLR, and is given by [image: equation] cm. According to Zheng et al. (2017), the radius of the outer boundary of the BLR is RBLR, out = 2.7RBLR ≈ 8.190 × 1017 cm. We observed that the location of the radiation zone for all epochs obtained through fitting satisfies rdis <  RBLR, out. Consequently, [image: equation] holds more credibility. By using the energy density of the external photon field, we can estimate the accretion disc luminosity (see Table 4). In the co-moving coordinate system, the energy density of the external photon field is:
[image: thumbnail](6)
Table 4. 
Accretion disc luminosity Ldisc and accretion rate ṁ over eight epochs in the CL phenomenon.

where Ldisc is the Lorentz invariant, which is consistent in the co-moving coordinate system and the observer coordinate system. We used the accretion disc luminosity to estimate the accretion rate ṁ = Ṁ/ṀEdd (Cao 2003), where the Eddington luminosity is given by [image: equation] (Abramowicz et al. 1980), and ṀEdd = LEdd/ηc2. The accretion disc luminosity can be expressed as Ldisc = ηṀc2 (Ghisellini 2006), leading to ṁ = Ldisc/LEdd, as shown in Table 4.
5.2.2. Accretion mode and the CL phenomenon
Active galactic nuclei are intimately linked to the accretion of matter onto SMBHs. The accretion process occurs on the accretion disc, generating a continuous stream of photons that ionise and excite the gas in the BLR, leading to the formation of broad emission lines (Peterson 1997). The instability of the accretion disc produces changes in the radiation emitted from the disc (Lin & Shields 1986), resulting in changes in the continuous photons and subsequently impacting the generation of broad emission lines. Changes in the accretion rate can alter the structure of the BLR, and the BLR may even vanish at low accretion rates (Elitzur & Shlosman 2006). The accretion disc model provides a good explanation for the brightness and compactness of AGNs. Generally, high-luminosity (high-accretion-rate) AGNs exhibit geometrically thin, optically thick standard accretion discs (i.e., Shakura–Sunyaev discs; SSDs, Shakura & Sunyaev 1973). However, in AGNs with low luminosity (LLAGNs) and low accretion rates (Yuan & Narayan 2014), the SSD may transition to an advection-dominated accretion flow (ADAF, Narayan & Yi 1995; Lasota et al. 1996; Gammie et al. 1999) which can account for most of the observed features of LLAGNs. In LLAGNs, when the gas-outflow temperature of the ADAF is excessively high, it cannot be efficiently cooled within the BLR, leading to inhibition of cloud formation and ultimately resulting in the disappearance of the BLR (Cao 2010).
The variation in the oscillation of the EW implies that there must have been a significant change between the absorption or emission line profile and the continuous spectrum during the CL event. This strongly suggests that CL events caused by obscurations can be largely ruled out. In this scenario, a large number of photons from the broad emission lines are fed back into the IC process and scattered into the γ-ray band (Xiao et al. 2022). Therefore, the strength of the emission lines directly influences the number of seed photons available for the IC process. Consequently, the EW of a BL Lac object, influenced by an ADAF (Wang et al. 2002; Cao 2003; Yuan & Narayan 2014; Ouyang et al. 2021), is expected to be smaller than that of a FSRQ object, which is influenced by an SSD.
Our analysis revealed that the accretion rate of OQ 334 was ṁ > 0.1 during its FSRQ (F1, F2) states, whereas it was ṁ < 0.1 during its BL Lac (B1, B2) states. This means that BL Lacs and FSRQs can indeed be distinguished based on luminosity (LBLR/LEdd = 10−3, that is Ṁ/ṀEdd = 0.1, Ghisellini et al. 2010, 2011; Sbarrato et al. 2012; Xiong & Zhang 2014). Our results are similar to the findings of Boula et al. (2019) regarding an accretion rate differentiation between BL Lacs and FSRQs. Concerning the mass-accretion rate and blazar classification: ṁ > 0.1 for FSRQs, which corresponds to a disc with high radiation efficiency; and for BL Lac objects, ṁ < 0.1, indicating an ADAF.
The results of the calculations (see Table 4) show that the accretion rate exhibits oscillatory variations, and we assume that the transition from FSRQ to BL Lac represents a state change, which may be influenced by the variation of accretion rate. This supports the hypothesis that the accretion disc is in a state of active oscillatory change. During the transition from FSRQ to BL Lac type, the disc may be in the state of transitioning SSD to ADAF, but it is not completely converted into an ADAF disc. That is, this state should be in a narrow region where the internal ADAF and the external SSD disc are connected (Sniegowska et al. 2020; Ricci & Trakhtenbrot 2023). Usually, FSRQ corresponds to an SSD disc and BL Lac corresponds to a disc in the ADAF state (Cavaliere & D’Elia 2002; Cao 2002, 2003; Wang et al. 2002; Yuan & Narayan 2014; Boula et al. 2019; Ouyang et al. 2021). If the SSD disc is to be fully converted into an ADAF disc, a long-term change is necessary for completion. However, due to the source-current-unstable transitional state, the transition of the state of the disc and the change of accretion rate may occur on a short timescale. During the transition from FSRQ to BL Lac state, the EC component may weaken but should not disappear completely, in other words, BLR clouds can only weaken and cannot be destroyed.
When the accretion rate ṁ exceeds 0.1 (F1, F2) and a geometrically thin, optically thick SSD is present, the accretion material effectively reprocesses and scatters the radiation from the accretion disc. As a result, the strong optical emission line is observed in the BLR (Böttcher & Dermer 2002). In this SSD accretion mode, the optical/UV emission line is enhanced, leading to a larger EW and the seed photons increase during the IC process. Consequently, the energy density of the external photon field increases, indicating that OQ 334 is in the FSRQ state.
On the other hand, when the accretion rate ṁ drops below 0.1 (B1, B2), and the ADAF state is functioning, the photons capable of ionising a broad-emission-line gas cloud decrease in number (Prandini & Ghisellini 2022). This results in the suppression of the optical/UV emission line in the ADAF accretion mode. The ionisation of the broad-spectral-line gas cloud becomes limited, or only a small portion is ionised. Consequently, the seed photons available for the IC process are relatively reduced, leading to a smaller EW. This reduction in seed photons causes a decrease in the energy density of the external photon field. Therefore, during this regime, OQ 334 is in the BL Lac state. It is worth noting that the radiation region rdis also plays a role in affecting the energy density of the external photon field, Uext, when the accretion rate changes (Ghisellini & Madau 1996; Ghisellini & Tavecchio 2009; Kang 2017), though the specific physics governing the inverse correlation between rdis and Uext has not been addressed in this work.
Therefore, we conclude that the accretion disc in OQ 334 functions in SSD accretion mode during the FSRQ state, but operates in ADAF accretion mode during the BL Lac state. The detailed physics governing the transition between these accretion modes remains unclear. However, this transition leads to changes in the accretion rate, resulting in variations in the accretion disc luminosity. Consequently, the energy density of the external photon field is altered, corresponding to changes in the EW of OQ 334. The observed CL phenomenon may be attributed to these changes in the accretion mode (Kang et al. 2024), suggesting a strong connection between the accretion mode and the variability of the source.
6. Conclusion
The CL phenomenon of OQ 334 during the MJD 54628−58677 epoch can be separated into three distinct states, that is, the FSRQ state (F1, F2), the BL Lac state (B1, B2), and the transition state (T1, T2, T3), as shown in Table 1. We analysed the Fermi-LAT light curve and corresponding SED during these seven epochs, and studied the quasi-simultaneous multi-wavelength SED in each epoch using the Syn+SSC+EC model.
Our findings can be summarised as follows: (1) During these eight epochs, the seed photons of the external photon field in OQ 334 are primarily sourced from the BLR. (2) The change in the energy density of the external photon field is attributed to variations in the luminosity of the accretion disc, which are caused by transitions in the accretion mode. (3) The accretion mode transition inhibits or enhances the continuous spectrum and optical/UV emission lines, resulting in the transition of OQ 334 between the FSRQ state and the BL Lac state.
In summary, the results strongly indicate that the CL phenomenon in OQ 334 is closely associated with variations in the accretion mode, which lead to significant changes in the observed flux, energy density, and spectral characteristics of the source across different epochs.


1 https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/python_tutorial.html


2 https://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html


3 https://heasarc.gsfc.nasa.gov/db-perl/W3Browse/w3browse.pl


4 https://www.swift.ac.uk/analysis/xrt/index.php


5 https://www.swift.ac.uk/analysis/uvot/index.php


6 https://tools.ssdc.asi.it/SED/
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	[image: thumbnail]	Fig. 4. Multi-wavelength SED of the CL phenomenon. The dotted red, dashed green, dot-dashed blue, and dashed purple lines represent the Syn, SSC, EC, and EBL absorption, respectively. The solid black line represents the total spectrum of the SED fit. The red dots represent quasi-simultaneous data. Blue dots represent non-quasi-simultaneous data. Grey dots represent archival data. In these subgraphs, F1, T1, B1, T2, F2, T3, and B2 represent the SED in each state of the CL phenomenon, and F1-B2 represents the SED of the entire CL phenomenon. The grey background represents the 1σ parameter space of the SED model and is displayed starting from the optical observation data points participating in the fit. The lower panel of each subplot shows the residual of the fit. (a) The FSRQ state in MJD 54628−58082. (b) FSRQ conversion to BL Lac state in MJD 58083−58121. (c) The BL Lac state in MJD 58122−58124. (d) BL Lac conversion to FSRQ state in MJD 58125-58220. (e) The FSRQ state in MJD 58221−58637. (f) FSRQ conversion to BL Lac state in MJD 58638−58664. (g) The BL Lac state in MJD 58665-58677. (h) The CL blazar state in MJD 54628−58677.
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      Table 1. 

      Fermi-LAT and Swift observation times and Fermi-LAT SED results in CL.

      
        


	Epoch
	State
	γ-ray
	γ-ray
	Γγ
	X-ray
	Optical-UV



	
	
	MJD
	year/month/day
	
	year/month/day
	MJD



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





	F1
	FSRQ
	54628–58082
	2008/6/11–2017/11/25
	2.358 ± 0.064
	2016/8/31*
	⋆



	T1
	FSRQ→BL Lac
	58083–58121
	2017/11/26–2018/1/3
	2.372 ± 0.129
	*
	* 



	B1
	BL Lac
	58122–58124
	2018/1/4–2018/1/6
	1.540 ± 0.322
	2018/1/20
	* 



	T2
	BL Lac→FSRQ
	58125–58220
	2018/1/7–2018/4/12
	2.253 ± 0.072
	2018/2/22
	58171.9



	F2
	FSRQ
	58221–58637
	2018/4/13–2019/6/3
	2.204 ± 0.024
	2018/12/14
	58466.2



	T3
	FSRQ→BL Lac
	58638–58664
	2019/6/4–2019/6/30
	2.035 ± 0.047
	2019/6/25
	58659.9



	B2
	BL Lac
	58665–58677
	2019/7/1–2019/7/13
	1.897 ± 0.052
	2019/7/12
	*



	F1 − B2
	CL epoch
	54628–58677
	2008/6/11–2019/7/13
	2.234 ± 0.022
	2016/8/31-2019/7/12
	58171.9–58659.9





      

      
Notes. Column (1) gives the nomenclature of the epoch in CL; Col. (2) indicates the states of CL blazar OQ 334 in various epochs; Cols. (3)–(4) give the epoch records of γ-ray in CL observed by Fermi-LAT, expressed in units MJD, year/month/day, respectively; Col. (5) indicates the photon spectral index of γ-ray and their 1-σ confidence interval; Cols. (6)–(7) give the epoch records of the X-ray and optical/UV bands observed by Swift, respectively, which * represent that there is data at this stage but not data in Swift, and ⋆ means that no corresponding data is found.



    

  
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        CL event of the blazar OQ 334 at MJD 54628−58677 (Mishra et al. 2021). According to the FSRQ EW of greater than 5 Å and the BL Lac EW,which is less than 5 Å, the entire CL epoch (MJD 54628−58677, F1 − B2) is subdivided into an FSRQ state (F1, F2), a transition state (T1, T2, T3), and a BL Lac state (B1, B2).

      

    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Fermi-LAT at MJD 54628−58677 (bin = 5 days). The flux in the 0.1–1 GeV band is indicated by F0.1 − 1 GeV (top panel). Flux in the 1–300 GeV band is expressed as F1 − 300 GeV (bottom panel). The range of the light curve corresponding to F1, T1, B1, T2, F2, T3, and B2 of the CL phenomenon is marked by black segments. The data points below certain TS ≤ 15 are removed.

      

    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Fermi-LAT SED for the CL phenomenon. The solid black line is the best fit for the likelihood analysis over the entire energy range. The blue dots are γ-ray data points, and the green downward arrows indicate the upper energy limit. The purple area is the 1σ confidence band. The ‘letters + numbers’ in each subgraph correspond to the status in Table 1.

      

    

  
    
      Fig. 4. 
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        Multi-wavelength SED of the CL phenomenon. The dotted red, dashed green, dot-dashed blue, and dashed purple lines represent the Syn, SSC, EC, and EBL absorption, respectively. The solid black line represents the total spectrum of the SED fit. The red dots represent quasi-simultaneous data. Blue dots represent non-quasi-simultaneous data. Grey dots represent archival data. In these subgraphs, F1, T1, B1, T2, F2, T3, and B2 represent the SED in each state of the CL phenomenon, and F1-B2 represents the SED of the entire CL phenomenon. The grey background represents the 1σ parameter space of the SED model and is displayed starting from the optical observation data points participating in the fit. The lower panel of each subplot shows the residual of the fit. (a) The FSRQ state in MJD 54628−58082. (b) FSRQ conversion to BL Lac state in MJD 58083−58121. (c) The BL Lac state in MJD 58122−58124. (d) BL Lac conversion to FSRQ state in MJD 58125-58220. (e) The FSRQ state in MJD 58221−58637. (f) FSRQ conversion to BL Lac state in MJD 58638−58664. (g) The BL Lac state in MJD 58665-58677. (h) The CL blazar state in MJD 54628−58677.

      

    

  
    
      Table 2. 

      Time record of optical quasi-simultaneous data at the F1 epoch.

      
        


	Name
	Start time
	Stop time





	PCCS1F100
	2009/8/12
	2010/11/27



	PCCS1F143
	2009/8/12
	2010/11/27



	PCCS1F217
	2009/8/12
	2010/11/27



	WISE  W1  PointPsf
	2010/1/12
	2010/7/7



	WISE  W2  PointPsf
	2010/1/12
	2010/7/7



	WISE  W3  PointPsf
	2010/1/12
	2010/7/7



	WISE  W4  PointPsf
	2010/1/12
	2010/7/7



	Allwise w1
	2010/1/12
	2011/1/10



	Allwise w2
	2010/1/12
	2011/1/10



	Allwise w3
	2010/1/12
	2011/1/10



	Allwise w4
	2010/1/12
	2011/1/10





      

    

  
    
      Table 3. 

      Multi-wavelength SED fits to local optimal parameters and the chi-square value χ2.

      
        


	Epoch
	s
	b
	γ0
	δ
	B
	R
	rdis
	Uext
	χ2



	
	
	
	103
	
	
	1016
	1016
	10−2
	



	
	
	
	
	
	G
	cm
	cm
	erg cm−3
	





	F1
	5.400 ± 0.122
	1.175 ± 0.038
	7.200 ± 0.120
	7.200 ± 0.122
	1.650 ± 0.367
	1.109 ± 0.019
	1.241 ± 0.123
	5.700 ± 0.600
	8.432 



	T1
	5.240 ± 0.033
	1.175 ± 0.017
	7.450 ± 0.321
	10.500 ± 0.448
	0.800 ± 0.082
	1.617 ± 0.069
	1.180 ± 0.049
	6.500 ± 0.200
	7.282 



	B1
	5.065 ± 0.135
	1.020 ± 0.027
	7.400 ± 0.060
	12.400 ± 0.408
	0.270 ± 0.008
	1.910 ± 0.063
	2.500 ± 0.082
	0.450 ± 0.010
	8.162 



	T2
	5.300 ± 0.082
	1.110 ± 0.048
	4.900 ± 0.121
	15.340 ± 0.220
	0.600 ± 0.020
	2.362 ± 0.034
	1.530 ± 0.074
	2.000 ± 0.040
	5.271 



	F2
	5.770 ± 0.029
	1.445 ± 0.038
	7.550 ± 0.281
	13.250 ± 0.448
	0.380 ± 0.045
	2.041 ± 0.069
	1.370 ± 0.045
	2.250 ± 0.200
	6.211 



	T3
	5.295 ± 0.012
	1.100 ± 0.021
	7.550 ± 0.040
	13.950 ± 0.285
	0.390 ± 0.033
	2.148 ± 0.044
	1.400 ± 0.082
	4.000 ± 0.410
	18.663 



	B2
	5.110 ± 0.118
	1.255 ± 0.040
	8.600 ± 0.201
	12.200 ± 0.135
	0.092 ± 0.002
	1.879 ± 0.021
	5.200 ± 0.102
	0.530 ± 0.020
	7.932 



	F1 − B2
	5.500 ± 0.082
	1.230 ± 0.010
	5.600 ± 0.060
	9.200 ± 0.167
	0.800 ± 0.163
	1.417 ± 0.026
	1.900 ± 0.041
	2.400 ± 0.200
	6.853





      

      
Notes.R = ctvarδ/(1 + z), tvar is the minimum light curve time scale. The columns in the table represent the following: (1) Epoch, the state of OQ 334 during different epochs within the CL phenomenon; (2) s, the spectral index; (3) b, the spectral curvature; (4) γ0, the initial Lorentz factor; (5) δ, the Doppler factor; (6) B, the magnetic field, in units of Gs; (7) R, the radius of the radiation zone, specified in cm; (8) rdis, the location of the radiation zone, specified in cm; (9) Uext, the energy density of the external photon field, denoted in units of erg cm−3; (10) χ2, the chi-square value.



    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Variation in the energy density of the external photon field Uext in seven epochs in the CL. The grey background is a 1σ confidence band of Uext.

      

    

  
    
      Table 4. 

      Accretion disc luminosity Ldisc and accretion rate ṁ over eight epochs in the CL phenomenon.

      
        


	Epoch
	State
	Ldisc
	ṁ



	
	
	1045
	



	
	
	erg s−1
	





	F1
	FSRQ
	19.756 ± 2.080
	0.395 ± 0.042 



	T1
	FSRQ → BL Lac
	22.528 ± 0.693
	0.450 ± 0.014 



	B1
	BL Lac
	1.560 ± 0.035
	0.031 ± 0.001 



	T2
	BL Lac → FSRQ
	6.932 ± 0.139
	0.139 ± 0.003 



	F2
	FSRQ
	7.798 ± 0.693
	0.156 ± 0.014 



	T3
	FSRQ → BL Lac
	13.864 ± 1.421
	0.277 ± 0.028 



	B2
	BL Lac
	1.837 ± 0.069
	0.037 ± 0.001 



	F1 − B2
	CL epoch
	8.318 ± 0.693
	0.166 ± 0.014





      

      
Notes. The uncertainty of Ldisc and ṁ is determined by the error transfer formula (Feigelson & Babu 2012), [image: equation], where ρij represent the correlation coefficient.
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