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Optical spectral characterization of OP 313
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Abstract

Context. The flat spectrum radio quasar (FSRQ) OP 313 was discovered in December 2023 in very-high-energy γ rays above 100 GeV, enabling for the first time a complete broadband characterization of its emission. However, the lack of updated measurements of its accretion disc, broad line region, and dusty torus hampers a detailed interpretation of the role of accretion in the observed γ-ray production.

Aims. We intended to characterize, during high-activity states, the brightness of the external photon fields contributing to the infrared-to-ultraviolet emission–namely the dusty torus, broad line region, and accretion disc–as well as to investigate potential variability and blurring effects on the optical broad emission lines. We also aimed to constrain the particle population responsible for the continuum non-thermal synchrotron emission.

Methods. We present new spectroscopic observations of OP 313 with the NOT and TNG telescopes in order to characterize its optical spectrum and variability with respect to archival observations from SDSS performed during a low emission state. We measured the luminosity of different broad emission lines, evaluating possible changes in the broad line region luminosity. These measurements also enabled an updated characterization of the broad line region, accretion disc, and dusty torus properties.

Results. We measured the Mg II emission line, detectable in six of the seven spectra, with an average flux of FMg II = (0.85 ± 0.11) × 10−14 erg cm−2 s−1. Its equivalent width and luminosity are consistent with a constant emission line with a variable non-thermal continuum that buries other lines (Hδ and Hγ). From the stable Mg II line we derived a constant luminosity of the thermal components, finding log(LBLR [erg s−1]) = 44.91 ± 0.19, log(Ldisc [erg s−1]) = 45.91 ± 0.19, and log(Ltorus [erg s−1]) = 44.70 ± 0.16, and an estimated black hole mass of log(MBH/M⊙) = 8.36 ± 0.18. These estimates are in line with with those derived from the C III] emission line, detected in five of the seven spectra. The characteristics derived from the emission line and the indicator of the accretion rate from the disc/Eddington luminosity ratio λ = LAD/LEdd = 0.23 ± 0.10, along with a high Compton dominance observed by previous studies, favour a FSRQ-like nature of OP 313, contrary to the argued changing-look nature of the source. Under this scenario, the γ-ray variability is fully attributed to changes in the particle population, rather than variations in the actual thermal structure.
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1. Introduction
The optical emission of blazars – active galactic nuclei (AGNs) with highly luminous jets of ultra-relativistic particles closely aligned with our line of sight – is typically dominated by a very bright and variable non-thermal synchrotron continuum (see e.g. Konigl 1981). This is especially the case of the BL Lacertae blazar subclass, where no strong thermal emission is expected, as they are often assumed to have a weak accretion disc (Wang et al. 2002), and similarly faint to non-existent dusty torii and gas clouds producing broad emission lines via photoionization around the central black hole (Cao 2004; Plotkin et al. 2012). As a result, their spectra are almost always featureless or, at most, have very faint emission lines only visible during low emission states.
In contrast, flat spectrum radio quasars (FSRQs) have more efficient accretion flows (Jolley et al. 2009), which indirectly results in efficient reprocessing of the emission by the dusty torus into the infrared band (Haas et al. 1998) and into bright broad emission lines in the optical band (Padovani 1992) by the broad line region (BLR). While the relative contribution of these thermal components is heavily dependent on the flux level of the variable non-thermal synchrotron continuum, they have been observed to be even brighter than the jet in many FSRQs (see e.g. Raiteri et al. 2014). Therefore, disentangling these contributions is key to understanding the optical emission of blazars, as they teach us about the accretion rate, the density and clumpy nature of the dusty structures, the kinematic of the gas clouds, and the reprocessing efficiency of both components. These are all urging questions in the study of FSRQs, playing a pivotal role in the interpretation of the high-energy (E > 100 MeV) and very-high-energy (E > 100 GeV) γ-ray emission observed from them. Under a leptonic scenario, this emission is explained in the framework of the inverse-Compton (IC) scattering of low-energy photons with the relativistic electrons from the jet. When the interacting photons are the ones produced in the jet via synchrotron radiation, this process is often known as synchrotron self-Compton (SSC) scattering (Maraschi et al. 1992). However, when there are external photon fields that provide low-energy seed photons to the jet that then interact via IC with the relativistic electrons, the resulting scattering is known as external Compton (EC, see Dermer & Schlickeiser 1993). For FSRQs, the BLR, accretion disc, and dusty torus are all possible sources of bright external photon fields to the IC process that often result in a strong EC contribution to the γ-ray emission that dominates over SSC, and consequently lead to significant radiative cooling of the relativistic electrons and efficient pair production at the highest energies, shaping the observed spectral energy distribution and limiting the maximum energies they can attain.
OP 313 is a FSRQ located at redshift z = 0.997 (Schneider et al. 2010). It has been regularly detected by the Fermi-LAT telescope in high-energy γ rays since 2019. Starting in November 2023, the source has been in a period of violent variability and recurrent outbursts of very bright γ-ray emission (Bartolini et al. 2023), making it one of the most luminous γ-ray sources ever detected and leading to its first detection in the very-high-energy γ-ray domain by LST-1 (Cortina & CTAO LST Collaboration 2023), being only the tenth FSRQ ever detected at such high energies, and the most distant of all of them. This increased activity was also accompanied by a high optical flux (Otero-Santos et al. 2023) due to an enhancement of the synchrotron continuum, changing the relative contribution of the different radiation fields. Through optical spectroscopic observations in different phases of the flare, we aimed to constrain the variability of the different components and ultimately: i) measure the luminosity of the accretion disc, BLR, and dusty torus; ii) study potential BLR luminosity variability that could point towards changes in the accretion disc during the flare; and iii) constrain the nature of the jet particle distribution and its non-thermal energy spectrum through a high precision spectroscopic measurement of the photon field in the synchrotron component.
The paper is structured as follows: in Sect. 2 we detail the observations used in this work and the data reduction; in Sect. 3 we present the identification and modelling of emission lines and the evaluation of possible variations between the different epochs; in Sect. 4 we perform the characterization of the thermal components of the AGN based on the luminosity of the emission lines; and in Sect. 5 we evaluate the variability of the synchrotron continuum and the underlying electron population. Finally, in Sects. 6 and 7, we conclude with a discussion and final remarks of the main results of this work.
2. Observations and data reduction
Spectroscopic observations were performed during four nights between May and July 2024 in order to characterize the optical emission of the source and relative contribution of the non-thermal and thermal components. These observations are coincident with a period of large γ-ray and optical variability of the source after a long-lasting flaring state that started in November 2023. These observations were performed with the 2.5-m Nordic Optical Telescope (NOT) and the 3.58-m Telescopio Nazionale Galileo (TNG), located at the Roque de los Muchachos Observatory in the Canary island of La Palma.
The NOT spectra were taken using the ALFOSC1 (Alhambra Faint Object Spectrograph and Camera) instrument. The observations took place during the nights of May 1 and June 18, 2024. In order to cover a wide spectral range, two spectra were taken each night (see Table 1 the setup details), each one covering the blue and red parts of the optical spectrum for a total coverage of 3200 − 10 150 Å. Spectra of the spectrophotometric standard HD 93521 (Oke 1990) were taken for the flux calibration.
Table 1. 
Summary of the configuration of all OP 313 spectral observations performed in 2024 with the NOT and TNG telescopes.

A similar strategy was followed with the TNG on the night of May 28, 2024, using the DOLORES2 (Device Optimized for the LOw RESolution) spectrograph. The blue and red parts of the spectrum were covered separately using the LR-B and LR-R grisms provided by the instrument. These grisms provide a wavelength coverage of 3000 − 8430 Å and 4470 − 10 070 Å. An observation of the standard spectrophotometric standard Feige 34 performed on the same night was used for the flux calibration (Oke 1990).
An additional observation also took place on the night of July 3, 2024, again with the TNG telescope, in this case focusing only on the blue part of the spectrum using DOLORES and grism LR-B. The standard spectrophotometric star HZ 44 (Oke 1990) was observed for an accurate flux calibration of the spectra. Photometric observations were also performed almost in parallel to the spectroscopic data acquisition. Details about all the observations are listed in Table 1.
The data reduction of the NOT and TNG spectral data was performed using the PYPEIT software package (Prochaska et al. 2020). The standard procedure is followed to subtract the bias and to correct by flat-field. The 1D-spectra are extracted following the optimal extraction algorithm (Horne 1986), after a local sky spectrum was subtracted. The resulting spectra are shown in Fig. 1. The emission was corrected from air mass extinction. The absolute flux level is finally checked using Sloan g, r and i photometry obtained on the same nights with the imaging mode of ALFOSC or DOLORES, right before the spectral observations.
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Optical spectra of OP 313 observed with NOT and TNG telescopes. Left: Blue spectra. Right: Red spectra. The NOT spectrum from May 1 and June 18 are represented in blue and magenta, respectively. The TNG spectra from May 28 and July 3 are represented in orange and green, respectively. The TNG spectra represented here correspond to the co-added spectra of both exposures of each night. The SDSS spectrum taken on March 25, 2006, is also shown in black. The positions of the brightest emission lines reported in Vanden Berk et al. (2001) with a relative flux to the Lyα line 100 × F/FLyα ≥ 1 and within the spectral range of the observations presented in this work are highlighted with vertical dashed grey lines and indicated in the figure.



In addition, we have retrieved an archival optical spectrum of OP 313 publicly available at the Sloan Digital Sky Survey (SDSS) database3 from the SDSS legacy program (York et al. 2000; Abdurro’uf et al. 2022). A detailed description of the SDSS legacy program, target selection, instrumentation, and data analysis can be found in Richards et al. (2002), Smee et al. (2013) and references therein. This spectrum, taken on March 25, 2006, covers a wavelength range between ∼3700 Å and ∼9300 Å. This spectrum is also shown in Fig. 1. We represent the spectra in the wavelength range between 3400 Å and 10 000 Å, since outside this range they are dominated by noise and no features are observed.
3. Line variability and blurring
We have identified a set of broad emission lines within the spectral range of the different optical spectra shown in Fig. 1. We modelled the profile of the detected lines in order to characterize the flux and luminosity and evaluate possible temporal variability of the line emission. We performed the line fit for those lines detected over the non-thermal emission and background noise, i.e. those for which the equivalent width is larger than the minimum measurable EWmin. For this, we followed the procedure applied by Becerra González et al. (2021) and detailed in Appendix A. Additionally, to guarantee that the emission lines are well resolved from the continuum noise, we considered only those for which more than two-thirds of the pixels within the wavelength window considered for the line characterization are above the continuum. This leaves us with the Mg II and C III] emission lines as the only ones that are consistently resolved in a significant way, with the exception of the spectrum from May 1, 2024, for which they were not detected. The C III] emission line is significantly resolved for the spectra taken on the nights of May 28, June 18, and July 3. We note that it was not detected and characterized in the SDSS spectrum as it falls right in the edge of the spectral range. Other bright emission lines within the spectral range studied here such as Hδ or Hγ, whose positions are highlighted in Fig. 1, are not significantly resolved from the continuum.
The fit of the emission line profile was performed as a composite of Gaussian functions plus a linear function that represents the continuum synchrotron emission. The choice of a linear function over the power law commonly used to represent blazars’ synchrotron continuum is due to the narrow spectral range fitted for the line characterization. In this short wavelength range, both functions provided an accurate fit of the non-thermal continuum. Hence, the simple linear function was used. For the spectra taken on May 28 and June 18, 2024, we observed that the broad component of the Mg II line is covered by the continuum emission. Therefore, these three spectra were fitted with a single Gaussian component. All the resolved C III] lines were modelled with a single Gaussian function. An example is shown in Fig. 2, where the characterization of the Mg II emission line is presented for the spectrum taken by the SDSS. The figures showing the fits for the remaining spectra are presented in Appendix B (see also Figs. B.1 and B.2 for the Mg II and C III] lines, respectively). Then, we characterized the emission line, i.e. its centroid, EW, and full width half maximum (FWHM) using the PYTHON package specutils (Astropy-Specutils Development Team 2015). Finally, we also calculated the flux and luminosity of the emission line. The conversion from flux to luminosity units was performed assuming a flat ΛCDM cosmological model with parameters H0 = 69.6 km s−1, Ωm = 0.286, and ΩΛ = 0.714 (Bennett et al. 2014). This combination of parameters yields a luminosity distance dL = 6676.2 MPc = 2.06 × 1028 cm at z = 0.997. The derived parameters for each emission line characterized are summarised in Table 2.
	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Modelling of the Mg II line profile for the spectrum taken by the SDSS with two Gaussian components plus a linear function to model the synchrotron continuum. The bottom panel shows the residuals of the fit.



Table 2. 
Measurement of Mg II and C III] optical emission lines from OP 313 for the different spectra obtained for this work and the archival spectrum from the SDSS database.

As evidenced by the EW values, we are only able to resolve significantly the broad component of the Mg II line during the low state (SDSS spectrum taken on 2006) and during the lowest states of the observations performed in 2024, that is, for the spectra taken on July 3, and marginally (at a 1σ level) on June 18. On the other hand, on May 1 and May 28, the dominance of the continuum, with an increase of more than a factor 10 (see Fig. 1) hinders the broad Mg II component, resulting in |EW| < 5 Å, completely covering the line on the former night. This clearly affects as well the measured integrated flux of the emission line and therefore its luminosity. The integrated Mg II flux shows variations of 40% with respect to the value derived from the SDSS spectrum. Nevertheless, for the spectra during May 28 we observe a lower flux as a result of resolving only the narrow component, whereas the flux of the other spectra is consistent within errors. The average values of the Mg II line flux and luminosity are FMg II = (0.85 ± 0.11) × 10−14 erg cm−2 s−1 and log(LMg II [erg s−1]) = 43.72 ± 0.07. These values are consistent with previous estimations of the Mg II line flux for OP 313 (see e.g. Shaw et al. 2012; Pandey et al. 2025).
The FWHM of this line takes values between ∼2200 and ∼2800 km s−1 and an average of FWHM = 2654 ± 350 km s−1, with two spectra showing somewhat higher values. For the second exposure performed on July 3, we measure a FWHM of 3125 km s−1, with however a rather large uncertainty, making it compatible with the average value. On the other hand, the spectrum taken on June 18 shows the highest FWHM value, 3768 km s−1. This is compatible with an optical spectrum taken independently at Calar Alto Observatory on the same night and reported in Pandey et al. (2025), where they measure a consistent value, higher than that from the SDSS spectrum.
We have also characterized the C III] emission line for the five spectra in which this line was significantly resolved, as specified above. The average C III] flux and luminosity values obtained are FC III] = (1.00 ± 0.10) × 10−14 erg cm−2 s−1 and log(LC III [erg s−1]) = 43.77 ± 0.10. The values for each spectrum are reported in Table 2. The FWHM adopts systematically higher values in comparison to those from the Mg II line. Nevertheless, we note that this line lies in a noisier part of the spectrum, as reflected by the lower signal-to-noise (S/N) shown in Fig. A.2 in comparison to that of the Mg II reported in Fig. A.1. The average value is FWHM = 6599 ± 940 km s−1. Finke (2016) reports that both the Mg II and C III] emission lines contribute similarly to the total luminosity of the BLR (1.7 and 1.8 times the luminosity of the Hβ line, respectively). Therefore, their very similar flux and luminosity are consistent with this assumption.
In order to further evaluate possible variations in the emission lines we have compared the EW measured in each spectrum with the expected relation between EW and continuum flux following the methodology presented by Isler et al. (2013). We applied this methodology to the six spectra in which we significantly resolved the Mg II line. For this, we first modelled the Mg II and measured its EW and the continuum at 5300 Å for the SDSS spectrum. Then, assuming a constant Mg II line, we increased the flux of the modelled continuum component in fine steps, re-evaluating in each step the expected EW for each new continuum flux level. Finally, through Monte Carlo (MC) simulations we evaluated the 2σ confidence level of the obtained EW-continuum relation. In Fig. 3 we show the EW measured for each spectrum analysed here with respect to the expected EW-continuum relation. The EW measurements of all six spectra are well contained within the 2σ confidence interval of this relation. Therefore, the results obtained here are consistent with a constant emission line profile along the different periods studied here.
	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. EW measured for each spectrum obtained for OP 313 with respect to the relation between the EW of a constant Mg II emission line and the continuum flux evaluated at 5300 Å. The dashed lines represent the 2σ confidence level of the derived relation.



Alternatively, we tested a second approach proposed by Chavushyan et al. (2020), based on a constant fit of the measured emission line flux over time. Again, we applied it to the Mg II emission line for those six spectra in which it is resolved from the continuum. In the top panel of Fig. 4 we show the fit to a constant luminosity for the Mg II lines identified in the different spectra. We observe that all measurements are consistent with the expected values from a constant line within errors at a 2σ confidence level, even for the spectra where the continuum level outshined the emission line almost completely and where the broad component was not visible. This can also be extended to the fluxes measured for the C III] emission line (see bottom panel of Fig. 4), in this case even within a 1σ level, since the measurements are in a more noisy region of the spectrum and therefore have larger uncertainties (see Table 2).
	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Constant fit to the measured flux of the Mg II and C III] emission lines over time for the different spectra analysed here. Top: Mg II line. Bottom: C III] line. The black points correspond to the observational measurements. The black dashed line is the best fit constant value obtained and the blue and green contours represents the 2σ confidence interval of the fit in each case.



4. Constrains on the thermal emission
Based on the estimations of the luminosity of the different lines observable in the optical spectra, we can obtain estimates for the BLR, accretion disc, and dusty torus luminosities. For this we have used the measurements of the Mg II line as the most prominent one observed in the spectra, using the luminosity values reported in Table 2 and the relative contributions from each emission line to the emission of the BLR from Finke (2016) in order to scale the observed line luminosity to the total BLR luminosity. As a crosscheck, we have compared the results for the Mg II emission line with those obtained with the line contribution derived by Francis et al. (1991) of 34/556 assuming that the Lyα emission line has a contribution of 100, obtaining consistent values within errors (see also Ghisellini & Tavecchio 2015).
Then, the BLR luminosity can be related to the accretion disc luminosity as
[image: Mathematical equation: $$ \begin{aligned} L_{\text{disc}} \approx \frac{1}{f_{\text{cov}_{\text{BLR}}}} \times L_{\text{BLR}}, \end{aligned} $$](1)
where fcovBLR is the covering factor of the accretion disc. We assumed a standard value of 0.1 for fcovBLR (see e.g. Becerra González et al. 2021). The radius of the BLR can be inferred as well from the estimate of the accretion disc luminosity assuming the BLR as an homogeneous shell as (Ghisellini & Tavecchio 2009)
[image: Mathematical equation: $$ \begin{aligned} r_{\text{BLR}} \approx 10^{17} \left[ \frac{L_{\text{disc}}}{10^{45}\ \text{ erg} \text{ s}^{-1}} \right]^{0.5} \ \text{ cm}. \end{aligned} $$](2)
Analogously, the relation between BLR and dusty torus luminosities can be expressed as
[image: Mathematical equation: $$ \begin{aligned} L_{\text{torus}} \approx f_{\text{cov}_{\text{torus}}} \times L_{\text{BLR}}, \end{aligned} $$](3)
being fcovtorus the covering factor of the torus. Typically, values between 0.5 and 0.7 are used in the literature for fcovtorus. Here we adopted an intermediate value of 0.6, following the prescription from Becerra González et al. (2021). Moreover, the size of the dusty torus can be derived from the disc luminosity following the prescription of Ghisellini & Tavecchio (2009) under the assumption of a homogeneous dusty torus as
[image: Mathematical equation: $$ \begin{aligned} r_{\text{torus}} \approx 2.5 \times 10^{18} \left[ \frac{L_{\text{disc}}}{10^{45}\ \text{ erg} \text{ s}^{-1}} \right]^{0.5} \ \text{ cm}, \end{aligned} $$](4)
being rtorus the radius of the torus. While we note that the morphology of the torus can be more complicated that the one assumed here, possibly with clumpy and inhomogeneous structures (Nenkova et al. 2008; Lopez-Rodriguez et al. 2026), this estimate provides a reasonable approximation to the nature of the torus, providing a simplified picture of the morphology of the inner parts of the AGN. We summarise in Table 3 the results and estimates of the accretion disc, BLR, and dusty torus obtained for OP 313 based on the different broad lines observed in the optical spectra.
Table 3. 
Characterization of the accretion disc, BLR, and dusty torus, and the black hole mass of OP 313 as derived from the different measurements of the Mg II and C III] emission lines.

Considering all the spectra analysed here, we have estimated an average luminosity of the BLR, accretion disc, and dusty torus of log(LBLR [erg s−1]) = 44.91 ± 0.19, log(Ldisc [erg s−1]) = 45.91 ± 0.19, and log(Ltorus [erg s−1]) = 44.70 ± 0.16, respectively. Moreover, we also estimated the radius of the BLR and torus, showing average values of rBLR = (2.76 ± 0.53)×1017 cm and rtorus = (6.89 ± 1.32)×1018 cm. This values are consistent with the estimation reported for the accretion disc by Ghisellini & Tavecchio (2015). On the other hand, the accretion disc luminosity is lower than that reported by Pandey et al. (2025) between 46.42 ± 0.26 and 46.53 ± 0.26, calculated however through a different relation with the Mg II line luminosity. It is also worth mentioning that the values reported here depend on the covering factors of the disc and torus. Therefore, despite both values being comparable, assuming a higher covering factor instead of the rather low value of 0.1 used in our analysis would overcome the observed difference.
As a comparison, we have also calculated the luminosity of the thermal components from the characterization of the C III] under the same assumptions of covering factors for the BLR (fcovBLR = 0.1) and torus (fcovtorus = 0.6) as for the Mg II line. These values are also reported in Table 3. We obtained consistent values with those reported above, estimated from the Mg II line, both for the average and night-wise estimations. The luminosities of the BLR, disc, and torus obtained from this line are log(LBLR [erg s−1]) = 44.97 ± 0.10, log(Ldisc [erg s−1]) = 45.97 ± 0.10, and log(Ltorus [erg s−1]) = 44.75 ± 0.10, respectively. We also estimated the size of the BLR and torus with Eqs. (2) and (4), obtaining values of rBLR = (3.06 ± 0.33)×1017 cm and rtorus = (7.66 ± 0.82)×1018 cm, again consistent with those derived from the Mg II line.
Finally, we were able to estimate the virial mass of the central black hole as a function of the FWHM and luminosity of the Mg II line following Shaw et al. (2012),
[image: Mathematical equation: $$ \begin{aligned} \log \left( \frac{M_{\rm {BH}}}{M_\odot } \right) = a + b \log \left( \frac{L_{\rm Mg {II} }}{10^{44} \ \mathrm {erg \ s}^{-1} } \right) + 2 \log \left( \frac{FWHM_{\rm Mg { II} }}{\mathrm{km \ s^{-1} }} \right). \end{aligned} $$](5)
Here, a and b are empirically calibrated coefficients using reverberation mapping data (Shen et al. 2011). When calculating the black hole mass from the emission line luminosity as in the present case, they adopt values of a = 1.70 and b = 0.63 for the Mg II line, as reported by Shaw et al. (2012). The average mass derived in this analysis is log(MBH/M⊙) = 8.36 ± 0.18, consistent with the independent estimations reported by Shaw et al. (2012), Ghisellini & Tavecchio (2015) and Pandey et al. (2025).
5. Characterization and variability of the non-thermal continuum
The optical spectra were also used to characterize the variability of the continuum. From the flux changes between different observations, we measured a flux change of approximately a factor 10 from the faintest SDSS spectrum to the brightest one from NOT. In order to put into context the behaviour of OP 313 at the times of the spectroscopic observations, we have also compiled the historical optical V-band light curves. We retrieved data from the CATALINA Real-time Transient Survey (CRTS, Drake et al. 2009), that monitored the sky between 2005 to 2016 in search of transient events, and contains high-cadence data of several extragalactic objects, including blazars. We also included data in the g band from the All-Sky Automated Survey for Supernovae (ASAS-SN, Shappee et al. 2014; Kochanek et al. 2017), dedicated to supernova observations, but containing data of other astrophysical objects thanks to its all-sky scan capabilities. Additionally, we have downloaded data in the g and r bands from the Zwicky Transient Facility (ZTF, Bellm et al. 2019; Masci et al. 2019), that monitors the northern sky compiling optical light curves of astrophysical objects since 2018. We have transformed the data in these two bands to the V band to match that from the CRTS using the photometric transformations from Lupton (2005)4. The V-band optical light curve is shown in Fig. 5.
	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Historical optical V-band light curve of OP 313. Different markers represent data from the different databases used, as shown in the legend. Blue vertical lines highlight the dates of the spectroscopic observations. The top panel shows the complete light curve while the bottom left and right panels show the zoomed-in light curves around the dates of the SDSS and NOT/TNG spectra, respectively.



The optical light curves of OP 313 between 2005 and 2025 show a historical variability amplitude of 7.06 magnitudes, from magnitude 19.85 at its faintest state to the maximum emission when the magnitude reached a value of 12.79. In particular, the closest observations to the spectrum taken by the SDSS show optical V-band magnitudes ∼17. On the other hand, during the spectroscopic observing campaign during 2024 the source shows brighter magnitudes ranging from ∼15 to ∼16. The older data taken by the CRTS clearly shows a more stable behaviour, with magnitude changes of ∼2 with the exception of a moderately bright flare reaching a magnitude 15.20. Starting on 2018, OP 313 started a phase of higher activity during which, apart from showing more and larger variations, a clear magnitude-increasing trend can be observed in the light curve.
We have also evaluated the spectral index change of the spectra from 2024 during the high emission state, comparing them with that obtained from the SDSS spectrum in 2006, when OP 313 was in a quiescent state. For this, we subtracted the estimated Mg II and C III] emission lines to the observed spectrum. Then, we fitted the remaining continuum emission with a power law shape defined as Fλ ∝ λ−β, where β is the continuum spectral index in the wavelength space. We calculated as well the index in frequency space, that is, Fν ∝ ν−α, as α = 2 − β. Finally, this was related with the spectral index of the underlying electron population responsible for this synchrotron emission as p = 2α + 1 (Rybicki & Lightman 1986). The spectral indices obtained for the different optical spectra are summarised in Table 4.
Table 4. 
Spectral indices calculated from each optical spectrum in wavelength (Fλ, third column) and frequency (Fν, fourth column) representation, and the derived electron population spectral index (last column).

We observe that the spectral indices α of the synchrotron continuum are rather steep, with values ranging from ∼1.29 to ∼1.57 in Fν. This translates to also rather steep indices in the electron population of p ∼ 3.6 − 4.1, approximately. The hardest index, p = 3.58, is observed in the archival SDSS spectrum, when the source was in low state and the continuum level was ∼10 times lower than that during the observations performed in 2024. Nevertheless, the variability of the indices is not dramatic over the different observations. The values are also consistent with those used for explaining the broadband emission of OP 313 in previous studies (Pandey et al. 2024; Dar et al. 2025, CTAO-LST & MAGIC Collaborations, submitted).
Moreover, we investigated possible trends in the spectral changes based on the colour variability derived from the multi-band optical light curves over several months. For this, we compiled observations coordinated with the IAC80 telescope at Teide Observatory (Tenerife, Spain), performed between December 2023 and May 2025, in the Johnson BRI and Sloan gri bands, analysed with standard photometry data reduction procedures. The light curves are presented in Appendix C. By evaluating the multi-band changes for the quasi-simultaneous observations, we observed a clear bluer-when-brighter (BWB) behaviour in weeks to months timescales, as represented in Fig. 6. In particular, we show here the B − R and g − r colour relations, however, we note the R − I, I − B, r − i, and g − i colours also follow this BWB trend. These colour variations are rather mild, therefore in alignment with the relatively stable spectral indices derived from the optical spectra taken between May and July 2024. This BWB trend is contrary to the typical redder-when-brighter often associated with FSRQs (see e.g. Zhang et al. 2015), mostly due to the contributions of the thermal components to the optical emission. However, in many cases FSRQs have shown as well the BWB behaviour more commonly associated to BL Lac objects (Bonning et al. 2012; Isler et al. 2017), especially during high emission states such as the one shown here by OP 313, during which the non-thermal continuum outshines the thermal components and dominates the colour variability as it happens in BL Lacs (Otero-Santos et al. 2022). Therefore, the colour variability observed for OP 313 is in line with the highly dominant synchrotron continuum between 2023 and 2025 during the very active period of this source.
	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Colour variability analysis of OP 313 during the 2023–2025 period. Top:B − R colour with respect to the R-band magnitude. Bottom:g − r colour with respect to the r-band magnitude.



In addition, we compared the week-month timescale colour change with that over several years thanks to the gr long-term light curves provided by the ZTF (also shown in Appendix C). The year timescale colour variability is represented in Fig. 7. Opposite to what we have observed on shorter timescales, here we see a rather stable colour of OP 313’s optical emission. This behaviour has also been seen in the past for long-term variability of other blazars (see for instance Raiteri et al. 2021a,b; Otero-Santos et al. 2024). These achromaticity in the long-term variability of blazars has been ascribed to Doppler factor changes due to geometrical effects in the jet instead of intrinsic jet processes relative to the emitting region (see Raiteri et al. 2021a,b).
	[image: Thumbnail: Fig. 7. Refer to the following caption and surrounding text.]	Fig. 7. Long-term g − r colour variability analysis of OP 313 with respect to the r-band magnitude from ZTF data between 2018 and 2024.



6. Discussion
The thermal emission from the accretion disc and dusty torus, as well as the BLR in blazars is typically assumed to remain constant over time, as potential changes in these components are typically expected on longer timescales than those accessible by regular observations (see Otero-Santos et al. 2022, and references therein). Only in a handful of cases, observations have revealed evidences of significant variations, observable from the detection of changes in the intensity and profile of optical emission lines (see León-Tavares et al. 2013; Chavushyan et al. 2020; Hallum et al. 2022).
Owing to the results derived here, we observe that the behaviour of the Mg II is consistent with a constant flux over time. Changes between the different spectra can be ascribed to statistical and instrumental effects, as all results are consistent with the expected behaviour from a constant emission line. Therefore, the apparent change from one spectrum to the next is in reality due to an effect of blurring and dilution of the emission line by the highly variable synchrotron continuum, especially in those spectra from which the broad line component is completely covered by this continuum, coincident with the lowest – but nevertheless still compatible – measurements of the Mg II line flux.
This effect of dilution of the emission lines has been observed several times in blazars (see e.g. Kang et al. 2025). Given the bright BLR often observed in FSRQs, it is more commonly observed in BL Lacs that do not usually show emission lines except for their faintest states due to a fainter and smaller BLR (Paiano et al. 2017). However, several FSRQs have been observed to show this same behaviour in the past, where their optical lines are completely masked by a bright non-thermal continuum during flaring states (see e.g. Mishra et al. 2021; Becerra González et al. 2021). In some cases, this has been associated to a changing-look nature of the source, that is, a source that shows a dramatical change in its characteristics, for instance the BLR emission line profiles, accretion rate, or Compton dominance (ratio between the IC and synchrotron peaks, > 1 for FSRQs and ≲1 for BL Lacs), behaving at times as a FSRQ and sometimes as a BL Lac (see Ruan et al. 2014; Kang et al. 2024, and references therein). These changes are often associated with clearly distinct emission states of the blazar.
For the present case of OP 313 studied here, the characterization of the thermal components, the BLR, and the Mg II (see Tables 2 and 3) points towards a constant emission line profile diluted by the synchrotron emission rather than a BLR with changing properties. Moreover, the characterization of this emission line, the properties of these components, and the estimation of the black hole mass enabled the estimation of the Eddington luminosity and therefore, the ratio between the Eddington and the accretion disc luminosities, λ = LAD/LEdd. This ratio is often use a a measurement of the accretion efficiency, where values < 0.01 are often associated with inefficient accretion regimes, expected from BL Lac objects, while larger values are typically found in FSRQs (Pandey et al. 2025). Using the derived average black hole mass, we estimated a value for the Eddington luminosity of LEdd = 2.82 × 1046 erg s−1. This leads to values of λ ranging from 0.14 and 0.47, and an average of λ = 0.23 ± 0.10, consistent with an efficient accretion expected from a FSRQ such as OP 313. These characteristics, combined with a Compton dominance clearly > 1 both in low and high emission states, as shown by previous studies (see e.g. Pandey et al. 2024; Nievas Rosillo et al. 2025, CTAO-LST collaboration, submitted), indicate that the source is not a changing-look blazar but a FSRQ whose BLR and optical emission lines get diluted and covered by a highly variable synchrotron continuum during flaring states.
Regarding the continuum emission, we measured a rather steep synchrotron spectrum, with values of the Fν spectrum between α ∼ 1.3 − 1.6 using a power law shape. These spectral indices are translated into an electron population spectral index ranging from p ∼ 3.6 to p∼4.10. This shows that the low energy electrons dominate the particle population. These values could be indicating an electron population accelerated by shocks, that typically show values between p = 2 and p = 3, that is later radiatively cooled via synchrotron, introducing a steepening of the spectral steepening of ∼1 (Rybicki & Lightman 1986). This causes that an injected particle population with index p = 2 − 3 can appear as p = 3 − 4, consistent with those measured here.
7. Conclusions
We have characterized the optical spectrum of the FSRQ OP 313 during a bright and active period between May and July 2024. We compared its characteristics with those observed during the historically low emission state shown by this source in 2006 and represented by an SDSS spectrum.

	
We have calculated the average flux and luminosity of the Mg II line based on the detection of this spectral feature in six out of the seven spectra analysed here, with values of FMg II = (0.85 ± 0.11) × 10−14 erg cm−2 s−1 and log(LMg II [erg s−1]) = 43.72 ± 0.07, respectively. We have also detected the C III] emission line in five spectra, for which we measure and average flux and luminosity of FC II] = (1.00 ± 0.10) × 10−14 erg cm−2 s−1 and log(LC III [erg s−1]) = 43.77 ± 0.10.



	
We evaluated potential changes over time in the BLR through the characterization of the Mg II line. The results are compatible with a constant line flux and luminosity. Changes between different epochs in the |EW| ∼ 0.9 to ∼33 can be ascribed to statistical fluctuations and effects of line blurring by the intense and highly variable continuum emission. This is also visible from the fluxes measured for the C III] line, consistent within errors.



	
We constrained the size and luminosity of the BLR, accretion disc, and dusty torus through the Mg II line measurements. We obtained average luminosities log(LBLR [erg s−1]) = 44.91 ± 0.19, log(Ldisc [erg s−1]) = 45.91 ± 0.19, and log(Ltorus [erg s−1]) = 44.70 ± 0.16, and radii rBLR = (2.76 ± 0.53)×1017 cm and rtorus = (6.89 ± 1.32)×1018 cm, consistent with previous estimations (Ghisellini & Tavecchio 2015; Pandey et al. 2025). The values obtained from the characterization of the C III] emission line are consistent within uncertainties.



	
The black hole mass was also estimated. An average value of log(MBH/M⊙) = 8.36 ± 0.18 was derived from the different spectra analysed here, consistent with the estimations from Shaw et al. (2012), Ghisellini & Tavecchio (2015) and Pandey et al. (2025).



	
The colour variability shows a BWB behaviour on week to month timescales due to the dominance of the synchrotron emission during the period evaluated. On the other hand, the long-term colour variations show a quasi-achromatic evolution.



	
The particle population shows steep spectral indices with values between ∼3.6 and ∼4.10, that could indicate a shock accelerated and radiatively cooled electron population (Rybicki & Lightman 1986).



	
We estimated an Eddington luminosity of LEdd = 2.82 × 1046 erg s−1. The average ratio between the accretion disc and Eddington luminosities is λ = 0.23 ± 0.10, indicative of an efficient accretion rate.




Overall, the characteristics discussed here – constant emission line, λ = 0.23 ± 0.10 and Compton dominance > 1 – disfavour a changing-look nature of OP 313, and are in agreement with a FSRQ-like nature of this source, with a strong and variable non-thermal continuum masks the optical emission lines. This is consistent with the findings reported by Pandey et al. (2025).
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Appendix A:  Minimum measurable EW
Following the procedure from Becerra González et al. (2021), we calculated the minimum detectable EW for which we can claim that an emission line is significantly resolved. This EWmin can be expressed as
[image: Mathematical equation: $$ \begin{aligned} \mathrm EW_{min} =n_{\sigma } \sigma (\text{ EW}) \simeq n_{\sigma } \frac{\sqrt{(N_{pix})}RMS_c \delta \lambda }{F_c(\lambda )} \simeq n_{\sigma } \frac{\sqrt{\Delta \lambda \delta \lambda }}{S/N_c}, \end{aligned} $$](A.1)
where Npix is the number of pixels containing the spectral feature, RMSc is the continuum noise, δλ is the spectral dispersion, Fc(λ) corresponds to the continuum flux, Δλ is the wavelength window, and S/Nc is the S/N of the continuum.
We fitted the continuum adjacent to an emission line by a linear function, that is then subtracted to the spectrum. The standard deviation of the residuals was then used for estimating the continuum noise RMSc. Assuming that fluctuations from neighbour pixels are uncorrelated, we could estimate the noise per pixel as the fluctuations of continuum adjacent pixels. The continuum was interpolated in the spectral range of the line, and a set of MC simulations were performed using as noise a random normal distribution with the noise per pixel estimated before. Then, we measured the EW error as the width of the EW distribution obtained from the MC simulations. This EW uncertainty was then used to calculate the EWmin as the 3σ confidence level (nσ = 3). In Appendices A.1 (Fig. A.1) and A.2 (Fig. A.2) we show the EWmin for the Mg II and C III] lines.
A.1. Mg II emission line
	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Measurement of the EWmin for the Mg II emission line of the OP 313 spectra analysed in this work. Top left: SDSS spectrum from 2006. Top middle: NOT spectrum from May 1. Top right: TNG spectrum from May 28 (first exposure). Centre left: TNG spectrum from May 28 (second exposure). Centre middle: NOT spectrum from June 18. Centre right: TNG spectrum from July 3 (first exposure). Bottom: TNG spectrum from July 3 (second exposure). Continuum regions are represented in blue and their vertical size corresponds to the 1σ noise value. The window of the emission line is highlighted in green and its size represents a 3σ noise value. The continuum interpolation is represented by the dotted-dashed line.



A.2. C III] emission line
	[image: Thumbnail: Fig. A.2. Refer to the following caption and surrounding text.]	Fig. A.2. Measurement of the EWmin for the C III] emission line of the OP 313 spectra analysed in this work. Top left: NOT spectrum from May 1. Top middle: TNG spectrum from May 28 (first exposure). Top right: TNG spectrum from May 28 (second exposure). Bottom left: NOT spectrum from June 18. Bottom middle: TNG spectrum from July 3 (first exposure). Bottom right: TNG spectrum from July 3 (second exposure). Continuum regions are represented in blue and their vertical size corresponds to the 1σ noise value. The window of the emission line is highlighted in green and its size represents a 3σ noise value. The continuum interpolation is represented by the dotted-dashed line.




Appendix B:  Emission line profile fitting
B.1. Mg II emission line
Here we present the fits of the Mg II emission line for the different spectra taken during 2024, and introduced in Sects. 2 and 3. We include the Gaussian fit of the spectrum from May 1 despite not being significantly detected, since its EW was calculated and used for the evaluation of the expected EW from a constant emission line, presented in Fig. 3. The spectra taken on May 1, May 28, and June 18 were modelled with a single Gaussian plus a linear function to model the continuum emission. On the other hand, the spectra from the night of June 3 were modelled with two Gaussians to account for the resolved narrow and broad emission line components, plus the linear function.
	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Modelling of the Mg II line profile for the spectra taken by the NOT and TNG telescopes. Top left: NOT spectrum from May 1. Top middle: TNG spectrum from May 28 (first exposure). Top right: TNG spectrum from May 28 (second exposure). Bottom left: NOT spectrum from June 18. Bottom middle: TNG spectrum from July 3 (first exposure). Bottom right: TNG spectrum from July 3 (second exposure). For the spectra fitted with two Gaussian components plus a linear function, we represent the sum of the narrow component and the continuum in blue, the broad component and the continuum in red, and the total fitted model in black. For the spectra fitted with one Gaussian component plus a linear function we represent the total fitted model in black. The bottom panels show the residuals of the fits.



B.2. C III] emission line
In this appendix we include the fits of the C III] emission line for those spectra in which the line was significantly resolved from the continuum emission (see Appendix A.2 and Fig. A.2). The spectra were modelled with a single Gaussian function plus a linear function to model the continuum emission.
	[image: Thumbnail: Fig. B.2. Refer to the following caption and surrounding text.]	Fig. B.2. Modelling of the C III] line profile for the spectra taken by the NOT and TNG telescopes. Top left: TNG spectrum from May 28 (first exposure). Top middle: TNG spectrum from May 28 (second exposure). Top right: NOT spectrum from June 18. Bottom left: TNG spectrum from July 3 (first exposure). Bottom right: TNG spectrum from July 3 (second exposure). The spectra are fitted with one Gaussian component plus a linear function. The total fitted model is represented in black. The bottom panels show the residuals of the fits.




Appendix C:  Multi-band optical light curves
In this appendix we show the long term multi-band light curves of OP 313 from ZTF in the Sloan g and r bands (Fig. C.1) from 2018 to 2024; and the month-scale multi-band light curves resulting from the data of the IAC80 telescope in the Johnson B, R, and I bands (Fig. C.2, left panel), and the Sloan g, r, and i bands (Fig. C.2, right panel).
	[image: Thumbnail: Fig. C.1. Refer to the following caption and surrounding text.]	Fig. C.1. ZTF long-term light curves of OP 313 from 2018 to 2024 in the Sloan g (green markers) and r (white markers) bands.



	[image: Thumbnail: Fig. C.2. Refer to the following caption and surrounding text.]	Fig. C.2. IAC80 multi-band optical light curves of OP 313 in different optical bands from December 2023 to May 2025. Left: Johnson B−band (blue markers), R−band (white markers), and I−band (gold markers) optical light curves. Right: Sloan g−band (green markers), r−band (white markers), and i−band (gold markers) optical light curves.
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	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Optical spectra of OP 313 observed with NOT and TNG telescopes. Left: Blue spectra. Right: Red spectra. The NOT spectrum from May 1 and June 18 are represented in blue and magenta, respectively. The TNG spectra from May 28 and July 3 are represented in orange and green, respectively. The TNG spectra represented here correspond to the co-added spectra of both exposures of each night. The SDSS spectrum taken on March 25, 2006, is also shown in black. The positions of the brightest emission lines reported in Vanden Berk et al. (2001) with a relative flux to the Lyα line 100 × F/FLyα ≥ 1 and within the spectral range of the observations presented in this work are highlighted with vertical dashed grey lines and indicated in the figure.
In the text



	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Modelling of the Mg II line profile for the spectrum taken by the SDSS with two Gaussian components plus a linear function to model the synchrotron continuum. The bottom panel shows the residuals of the fit.
In the text



	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. EW measured for each spectrum obtained for OP 313 with respect to the relation between the EW of a constant Mg II emission line and the continuum flux evaluated at 5300 Å. The dashed lines represent the 2σ confidence level of the derived relation.
In the text



	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Constant fit to the measured flux of the Mg II and C III] emission lines over time for the different spectra analysed here. Top: Mg II line. Bottom: C III] line. The black points correspond to the observational measurements. The black dashed line is the best fit constant value obtained and the blue and green contours represents the 2σ confidence interval of the fit in each case.
In the text



	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Historical optical V-band light curve of OP 313. Different markers represent data from the different databases used, as shown in the legend. Blue vertical lines highlight the dates of the spectroscopic observations. The top panel shows the complete light curve while the bottom left and right panels show the zoomed-in light curves around the dates of the SDSS and NOT/TNG spectra, respectively.
In the text



	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Colour variability analysis of OP 313 during the 2023–2025 period. Top:B − R colour with respect to the R-band magnitude. Bottom:g − r colour with respect to the r-band magnitude.
In the text



	[image: Thumbnail: Fig. 7. Refer to the following caption and surrounding text.]	Fig. 7. Long-term g − r colour variability analysis of OP 313 with respect to the r-band magnitude from ZTF data between 2018 and 2024.
In the text



	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Measurement of the EWmin for the Mg II emission line of the OP 313 spectra analysed in this work. Top left: SDSS spectrum from 2006. Top middle: NOT spectrum from May 1. Top right: TNG spectrum from May 28 (first exposure). Centre left: TNG spectrum from May 28 (second exposure). Centre middle: NOT spectrum from June 18. Centre right: TNG spectrum from July 3 (first exposure). Bottom: TNG spectrum from July 3 (second exposure). Continuum regions are represented in blue and their vertical size corresponds to the 1σ noise value. The window of the emission line is highlighted in green and its size represents a 3σ noise value. The continuum interpolation is represented by the dotted-dashed line.
In the text



	[image: Thumbnail: Fig. A.2. Refer to the following caption and surrounding text.]	Fig. A.2. Measurement of the EWmin for the C III] emission line of the OP 313 spectra analysed in this work. Top left: NOT spectrum from May 1. Top middle: TNG spectrum from May 28 (first exposure). Top right: TNG spectrum from May 28 (second exposure). Bottom left: NOT spectrum from June 18. Bottom middle: TNG spectrum from July 3 (first exposure). Bottom right: TNG spectrum from July 3 (second exposure). Continuum regions are represented in blue and their vertical size corresponds to the 1σ noise value. The window of the emission line is highlighted in green and its size represents a 3σ noise value. The continuum interpolation is represented by the dotted-dashed line.
In the text



	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Modelling of the Mg II line profile for the spectra taken by the NOT and TNG telescopes. Top left: NOT spectrum from May 1. Top middle: TNG spectrum from May 28 (first exposure). Top right: TNG spectrum from May 28 (second exposure). Bottom left: NOT spectrum from June 18. Bottom middle: TNG spectrum from July 3 (first exposure). Bottom right: TNG spectrum from July 3 (second exposure). For the spectra fitted with two Gaussian components plus a linear function, we represent the sum of the narrow component and the continuum in blue, the broad component and the continuum in red, and the total fitted model in black. For the spectra fitted with one Gaussian component plus a linear function we represent the total fitted model in black. The bottom panels show the residuals of the fits.
In the text



	[image: Thumbnail: Fig. B.2. Refer to the following caption and surrounding text.]	Fig. B.2. Modelling of the C III] line profile for the spectra taken by the NOT and TNG telescopes. Top left: TNG spectrum from May 28 (first exposure). Top middle: TNG spectrum from May 28 (second exposure). Top right: NOT spectrum from June 18. Bottom left: TNG spectrum from July 3 (first exposure). Bottom right: TNG spectrum from July 3 (second exposure). The spectra are fitted with one Gaussian component plus a linear function. The total fitted model is represented in black. The bottom panels show the residuals of the fits.
In the text



	[image: Thumbnail: Fig. C.1. Refer to the following caption and surrounding text.]	Fig. C.1. ZTF long-term light curves of OP 313 from 2018 to 2024 in the Sloan g (green markers) and r (white markers) bands.
In the text



	[image: Thumbnail: Fig. C.2. Refer to the following caption and surrounding text.]	Fig. C.2. IAC80 multi-band optical light curves of OP 313 in different optical bands from December 2023 to May 2025. Left: Johnson B−band (blue markers), R−band (white markers), and I−band (gold markers) optical light curves. Right: Sloan g−band (green markers), r−band (white markers), and i−band (gold markers) optical light curves.
In the text





    
      Table 1. 

      Summary of the configuration of all OP 313 spectral observations performed in 2024 with the NOT and TNG telescopes.

      
        


	Observation Date
	MJD
	Instrument
	Grism/Slit
	Spectral range
	Dispersion
	R
	texp



	[Å]
	[Å/pixel]
	[s]





	May 1, 2024
	60431
	NOT/ALFOSC
	#14/1.8″
	3200 − 6380
	1.603
	550
	1200



	NOT/ALFOSC
	#20/1.8″
	5650 − 10 150
	2.196
	560
	500



	




	May 28, 2024
	60458
	TNG/DOLORES
	LR-B/1.5″
	3000 − 8430
	2.738
	390
	2 × 600



	TNG/DOLORES
	LR-R/1.5″
	4470 − 10 070
	2.705
	475
	2 × 450



	




	June 18, 2024
	60479
	NOT/ALFOSC
	#14/1.8″
	3200 − 6380
	1.603
	550
	1200



	NOT/ALFOSC
	#20/1.8″
	5650 − 10 150
	2.196
	560
	500



	




	July 3, 2024
	60494
	TNG/DOLORES
	LR-B/1.5″
	3000 − 8430
	2.738
	390
	2 × 1000





      

    

  
    
      Fig. 1. 

      
        [image: Fig. 1. Refer to the following caption and surrounding text.]
      

      
        Optical spectra of OP 313 observed with NOT and TNG telescopes. Left: Blue spectra. Right: Red spectra. The NOT spectrum from May 1 and June 18 are represented in blue and magenta, respectively. The TNG spectra from May 28 and July 3 are represented in orange and green, respectively. The TNG spectra represented here correspond to the co-added spectra of both exposures of each night. The SDSS spectrum taken on March 25, 2006, is also shown in black. The positions of the brightest emission lines reported in Vanden Berk et al. (2001) with a relative flux to the Lyα line 100 × F/FLyα ≥ 1 and within the spectral range of the observations presented in this work are highlighted with vertical dashed grey lines and indicated in the figure.

      

    

  
    
      Fig. 2. 

      
        [image: Fig. 2. Refer to the following caption and surrounding text.]
      

      
        Modelling of the Mg II line profile for the spectrum taken by the SDSS with two Gaussian components plus a linear function to model the synchrotron continuum. The bottom panel shows the residuals of the fit.

      

    

  
    
      Table 2. 

      Measurement of Mg II and C III] optical emission lines from OP 313 for the different spectra obtained for this work and the archival spectrum from the SDSS database.

      
        


	Line
	Date
	Instrument
	λcenta
	FWHM
	EWobs
	Flineb
	log(Lline)



	[Å]
	[km s−1]
	[Å]
	[×10−14 erg cm−2 s−1]
	[erg s−1]





	Mg II
	2006-03-25
	SDSS
	2799.4 ± 0.4
	2680 ± 147
	−33.52 ± 1.25
	1.02 ± 0.11
	43.74 ± 0.05



	2024-05-01
	NOT/ALFOSC
	–
	–
	−0.88 ± 0.48
	–
	–



	2024-05-28
	TNG/DOLORES
	2797.0 ± 1.1
	2371 ± 304
	−2.77 ± 0.34
	0.56 ± 0.12
	43.47 ± 0.09



	2024-05-28
	TNG/DOLORES
	2795.3 ± 2.0
	2805 ± 743
	−3.33 ± 0.35
	0.63 ± 0.14
	43.53 ± 0.10



	2024-06-18
	NOT/ALFOSC
	2800.0 ± 1.3
	3768 ± 543
	−6.58 ± 0.34
	0.82 ± 0.11
	43.64 ± 0.06



	2024-07-03
	TNG/DOLORES
	2799.5 ± 1.0
	2163 ± 375
	−7.31 ± 0.36
	1.45 ± 0.23
	43.89 ± 0.07



	2024-07-03
	TNG/DOLORES
	2801.4 ± 1.8
	3125 ± 544
	−7.17 ± 0.42
	1.40 ± 0.24
	43.88 ± 0.08



	




	C III]
	2024-05-01
	NOT/ALFOSC
	–
	–
	−0.49 ± 0.42
	–
	–



	2024-05-28
	TNG/DOLORES
	1901.6 ± 2.2
	4236 ± 713
	−3.73 ± 0.49
	0.94 ± 0.20
	43.70 ± 0.09



	2024-05-28
	TNG/DOLORES
	1895.5 ± 3.2
	8395 ± 4564
	−4.11 ± 0.50
	1.35 ± 0.75
	43.86 ± 0.24



	2024-06-18
	NOT/ALFOSC
	1902.1 ± 2.7
	4140 ± 1184
	−4.03 ± 0.52
	0.78 ± 0.18
	43.62 ± 0.10



	2024-07-03
	TNG/DOLORES
	1911.2 ± 2.9
	6964 ± 2745
	−5.17 ± 0.42
	1.27 ± 0.41
	43.83 ± 0.14



	2024-07-03
	TNG/DOLORES
	1911.4 ± 1.7
	9261 ± 2934
	−4.41 ± 0.50
	1.33 ± 0.39
	43.85 ± 0.13





      

      
Notes. aRestframe wavelength. bWe have considered a 10% systematic uncertainty associated to the photometric calibration.



    

  
    
      Fig. 3. 

      
        [image: Fig. 3. Refer to the following caption and surrounding text.]
      

      
        EW measured for each spectrum obtained for OP 313 with respect to the relation between the EW of a constant Mg II emission line and the continuum flux evaluated at 5300 Å. The dashed lines represent the 2σ confidence level of the derived relation.

      

    

  
    
      Fig. 4. 

      
        [image: Fig. 4. Refer to the following caption and surrounding text.]
      

      
        Constant fit to the measured flux of the Mg II and C III] emission lines over time for the different spectra analysed here. Top: Mg II line. Bottom: C III] line. The black points correspond to the observational measurements. The black dashed line is the best fit constant value obtained and the blue and green contours represents the 2σ confidence interval of the fit in each case.

      

    

  
    
      Table 3. 

      Characterization of the accretion disc, BLR, and dusty torus, and the black hole mass of OP 313 as derived from the different measurements of the Mg II and C III] emission lines.

      
        


	Date
	Line
	Instrument
	log(Ldisc)
	log(LBLR)
	rBLR
	log(Ltorus)
	rtorus
	log(MBH/M⊙)



	[erg s−1]
	[erg s−1]
	[×1017 cm]
	[erg s−1]
	[×1018 cm]
	





	2006-03-25
	Mg II
	SDSS
	45.96 ± 0.05
	44.96 ± 0.05
	3.00 ± 0.16
	44.74 ± 0.05
	7.52 ± 0.40
	8.39 ± 0.14



	




	2024-05-28
	Mg II
	TNG/DOLORES
	45.61 ± 0.08
	44.61 ± 0.08
	2.21 ± 0.17
	44.47 ± 0.08
	5.53 ± 0.42
	8.12 ± 0.15



	Mg II
	45.70 ± 0.10
	44.70 ± 0.10
	2.37 ± 0.25
	44.53 ± 0.10
	5.92 ± 0.64
	8.30 ± 0.29



	C III]
	45.90 ± 0.09
	44.90 ± 0.09
	2.81 ± 0.30
	44.68 ± 0.09
	7.03 ± 0.76
	–



	C III]
	46.05 ± 0.24
	45.05 ± 0.24
	3.36 ± 0.94
	44.83 ± 0.24
	8.41 ± 2.35
	–



	




	2024-06-18
	Mg II
	NOT/ALFOSC
	45.86 ± 0.06
	44.86 ± 0.06
	2.70 ± 0.20
	44.64 ± 0.06
	6.75 ± 0.49
	8.63 ± 0.18



	C III]
	45.81 ± 0.10
	44.81 ± 0.10
	2.55 ± 0.30
	44.59 ± 0.10
	6.37 ± 0.76
	–



	




	2024-07-03
	Mg II
	TNG/DOLORES
	46.11 ± 0.09
	45.11 ± 0.09
	3.59 ± 0.36
	44.89 ± 0.09
	8.97 ± 0.90
	8.30 ± 0.52



	Mg II
	46.10 ± 0.07
	45.10 ± 0.07
	3.53 ± 0.27
	44.87 ± 0.07
	8.83 ± 0.68
	8.61 ± 0.37



	C III]
	46.03 ± 0.13
	45.03 ± 0.13
	3.26 ± 0.50
	44.80 ± 0.13
	8.15 ± 1.25
	–



	C III]
	46.05 ± 0.12
	46.05 ± 0.12
	3.34 ± 0.48
	44.83 ± 0.13
	8.35 ± 1.21
	–





      

      
Notes. Uncertainties correspond to statistical errors plus the considered 10% systematic associated with the photometric calibration.



    

  
    
      Fig. 5. 

      
        [image: Fig. 5. Refer to the following caption and surrounding text.]
      

      
        Historical optical V-band light curve of OP 313. Different markers represent data from the different databases used, as shown in the legend. Blue vertical lines highlight the dates of the spectroscopic observations. The top panel shows the complete light curve while the bottom left and right panels show the zoomed-in light curves around the dates of the SDSS and NOT/TNG spectra, respectively.

      

    

  
    
      Table 4. 

      Spectral indices calculated from each optical spectrum in wavelength (Fλ, third column) and frequency (Fν, fourth column) representation, and the derived electron population spectral index (last column).

      
        


	Date
	Instrument
	β
	α
	p





	2006-03-25
	SDSS
	0.71 ± 0.01
	1.29 ± 0.01
	3.58 ± 0.01



	




	2024-05-01
	NOT/ALFOSC
	0.48 ± 0.01
	1.52 ± 0.01
	4.04 ± 0.01



	




	2024-05-28
	TNG/DOLORES
	0.61 ± 0.01
	1.39 ± 0.01
	3.78 ± 0.01



	




	2024-05-28
	TNG/DOLORES
	0.66 ± 0.01
	1.34 ± 0.01
	3.68 ± 0.01



	




	2024-06-18
	NOT/ALFOSC
	0.45 ± 0.01
	1.55 ± 0.01
	4.10 ± 0.02



	




	2024-07-03
	TNG/DOLORES
	0.43 ± 0.01
	1.57 ± 0.01
	4.14 ± 0.01



	




	2024-07-03
	TNG/DOLORES
	0.49 ± 0.01
	1.51 ± 0.01
	4.02 ± 0.01





      

    

  
    
      Fig. 6. 

      
        [image: Fig. 6. Refer to the following caption and surrounding text.]
      

      
        Colour variability analysis of OP 313 during the 2023–2025 period. Top:B − R colour with respect to the R-band magnitude. Bottom:g − r colour with respect to the r-band magnitude.

      

    

  
    
      Fig. 7. 

      
        [image: Fig. 7. Refer to the following caption and surrounding text.]
      

      
        Long-term g − r colour variability analysis of OP 313 with respect to the r-band magnitude from ZTF data between 2018 and 2024.

      

    

  
    
      Fig. A.1. 

      
        [image: Fig. A.1. Refer to the following caption and surrounding text.]
      

      
        Measurement of the EWmin for the Mg II emission line of the OP 313 spectra analysed in this work. Top left: SDSS spectrum from 2006. Top middle: NOT spectrum from May 1. Top right: TNG spectrum from May 28 (first exposure). Centre left: TNG spectrum from May 28 (second exposure). Centre middle: NOT spectrum from June 18. Centre right: TNG spectrum from July 3 (first exposure). Bottom: TNG spectrum from July 3 (second exposure). Continuum regions are represented in blue and their vertical size corresponds to the 1σ noise value. The window of the emission line is highlighted in green and its size represents a 3σ noise value. The continuum interpolation is represented by the dotted-dashed line.

      

    

  
    
      Fig. A.2. 

      
        [image: Fig. A.2. Refer to the following caption and surrounding text.]
      

      
        Measurement of the EWmin for the C III] emission line of the OP 313 spectra analysed in this work. Top left: NOT spectrum from May 1. Top middle: TNG spectrum from May 28 (first exposure). Top right: TNG spectrum from May 28 (second exposure). Bottom left: NOT spectrum from June 18. Bottom middle: TNG spectrum from July 3 (first exposure). Bottom right: TNG spectrum from July 3 (second exposure). Continuum regions are represented in blue and their vertical size corresponds to the 1σ noise value. The window of the emission line is highlighted in green and its size represents a 3σ noise value. The continuum interpolation is represented by the dotted-dashed line.

      

    

  
    
      Fig. B.1. 

      
        [image: Fig. B.1. Refer to the following caption and surrounding text.]
      

      
        Modelling of the Mg II line profile for the spectra taken by the NOT and TNG telescopes. Top left: NOT spectrum from May 1. Top middle: TNG spectrum from May 28 (first exposure). Top right: TNG spectrum from May 28 (second exposure). Bottom left: NOT spectrum from June 18. Bottom middle: TNG spectrum from July 3 (first exposure). Bottom right: TNG spectrum from July 3 (second exposure). For the spectra fitted with two Gaussian components plus a linear function, we represent the sum of the narrow component and the continuum in blue, the broad component and the continuum in red, and the total fitted model in black. For the spectra fitted with one Gaussian component plus a linear function we represent the total fitted model in black. The bottom panels show the residuals of the fits.

      

    

  
    
      Fig. B.2. 

      
        [image: Fig. B.2. Refer to the following caption and surrounding text.]
      

      
        Modelling of the C III] line profile for the spectra taken by the NOT and TNG telescopes. Top left: TNG spectrum from May 28 (first exposure). Top middle: TNG spectrum from May 28 (second exposure). Top right: NOT spectrum from June 18. Bottom left: TNG spectrum from July 3 (first exposure). Bottom right: TNG spectrum from July 3 (second exposure). The spectra are fitted with one Gaussian component plus a linear function. The total fitted model is represented in black. The bottom panels show the residuals of the fits.

      

    

  
    
      Fig. C.1. 

      
        [image: Fig. C.1. Refer to the following caption and surrounding text.]
      

      
        ZTF long-term light curves of OP 313 from 2018 to 2024 in the Sloan g (green markers) and r (white markers) bands.

      

    

  
    
      Fig. C.2. 

      
        [image: Fig. C.2. Refer to the following caption and surrounding text.]
      

      
        IAC80 multi-band optical light curves of OP 313 in different optical bands from December 2023 to May 2025. Left: Johnson B−band (blue markers), R−band (white markers), and I−band (gold markers) optical light curves. Right: Sloan g−band (green markers), r−band (white markers), and i−band (gold markers) optical light curves.
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