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Abstract

:

We discuss applications of the study of the new and barely explored class of changing-look (CL) narrow-line Seyfert 1 (NLS1) galaxies and comment on their detection with the space mission SVOM (Space Variable Objects Monitor). We highlight the case of NGC 1566, which is outstanding in many respects, for instance as one of the nearest known CL AGN undergoing exceptional outbursts. Its NLS1 nature is discussed, and we take it as a nearby prototype for systems that could be discovered and studied in the near future, including with SVOM. Finally, we briefly examine the broader implications and applications of CL events in NLS1 galaxies and show that such systems, once discovered in larger numbers, will greatly advance our understanding of the physics of the environment of rapidly growing supermassive black holes. This White Paper is part of a sequence of publications which explore aspects of our understanding of (CL) NLS1 galaxy physics with future missions.
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1. Introduction


Highly variable and transient active galactic nuclei (AGN) provide us with important insights into the physics of the accretion of matter onto their central supermassive black holes (SMBHs). Of particular interest are changing-look (CL) AGN, which change their optical Seyfert-type (from type 1 to type 2, or vice versa) in response to high-amplitude continuum variability. First recognized in the 1970s, such systems have been more recently identified in larger numbers based on dedicated searches for either strong variability in the optical or X-ray continuum emission, or alternatively in the broad emission lines (see [1] for a review). Several models have been suggested to explain CL AGN. Some have explored extinction variability, for instance through dusty material crossing our line of sight or alternatively by dust destruction in response to an outburst [2]. The majority of theoretical models has focused on short-term changes in the accretion rate (on the time scale of months–decades), for instance due to disk instabilities or other mechanisms (e.g., the radiation pressure disk instability, the Hydrogen ionization instability, magnetic-pressure-supported disks, magnetic flux inversion, instabilities in warped disks at large radii, or shock formation in highly precessing disks ) (e.g., [3,4,5,6,7,8,9,10,11,12,13,14,15]) or have explored the possibility of tidal disk interactions in binary SMBH systems [16].



The subgroup of AGN that has shown particularly high amplitudes of variability in the X-ray band are narrow-line Seyfert 1 (NLS1) galaxies (review by [17]). Therefore, the following question is raised: how common is the CL phenomenon among NLS1 galaxies? This subgroup of AGN is defined by their remarkable optical spectroscopic emission-line characteristics: narrow widths of their broad Balmer lines from the broad-line region (BLR) with FWHM(H β ) < 2000 km   s  − 1    and an emission-line intensity ratio of [O iii]  λ 5007  /H   β total  < 3   [18,19]. The presence of Fe II complexes is often added as additional defining criterion [20]. A number of NLS1 galaxies also show strong high-ionization forbidden lines in their optical spectra.



NLS1 galaxies are of great interest because they are at one extreme end of the AGN correlation space 1, and trace AGN physics under extreme conditions (e.g., at low SMBH masses and high (near-Eddington) accretion rates). Sky surveys have successfully provided us with large samples of thousands of NLS1 galaxies. For instance, a large fraction of the soft X-ray AGN identified with the former space mission ROSAT turned out to be NLS1 galaxies [22,23]. More recently, large numbers of NLS1 galaxies were selected from the Sloan Digital Sky Survey (SDSS) [24,25,26].



NLS1 galaxies, as a class, are characterized by small SMBH masses and accretion rates near the Eddington limit ([27,28,29]; see the review in Komossa [30]). They therefore represent systems of rapidly growing SMBHs in the local universe. Given their near-Eddington accretion rates, they should be particularly prone to CL events under those mechanisms which operate close to Eddington. Here, we discuss implications and applications of the CL phenomenon in NLS1 galaxies, and discuss the detectability of such systems with the upcoming space mission SVOM. We highlight the example of the nearby CL NLS1 galaxy NGC 1566. We use a cosmology with   H 0   = 70 km   s  − 1      Mpc  − 1   ,   Ω M   = 0.3 and   Ω Λ   = 0.7 and the cosmology calculator of Wright [31]. (In the case of NGC 1566, this corresponds to a Hubble-flow distance of 21.5 Mpc.)




2. CL Events in NLS1 Galaxies


Only few NLS1-type galaxies have so far been identified as CL AGN (Table 1).2 This Section provides a brief overview of their properties, and critically discusses the need to distinguish from other phenomena like type II SNe in dense media and (very rare) stellar tidal disruption events.



The AGN IC 3599 (Zwicky 159.034) harbored an extreme CL event, dramatically changing its optical emission-line spectrum following a high-amplitude soft X-ray (and optical) outburst with a peak luminosity of    L x  =  10 44    erg   s  − 1    [33,34]. Optical spectra taken during the first outburst revealed bright optical emission lines, including broad Balmer lines with a FWHM of 1200 km   s  − 1    and high-ionization iron lines of similar width [33]. These then faded away strongly in subsequent years. In low-state, IC 3599 is classified as Sy 1.9 galaxy with faint broad-line emission only detectable in H α  and with a long-lived narrow-line region (NLR) including faint high-ionization iron lines [35]. While IC 3599 is sometimes referred to as NLS1 galaxy based on its strong variability and its FWHM(H β ) ∼1200 km   s  − 1   , it is not a typical NLS1 because no Fe II emission was detected at high-state, and because all permitted and forbidden lines had the same width at high-state more typical of a coronal-line region (CLR). However, in any case, IC 3599 can certainly be regarded as an extreme case of a CL AGN.



The high-amplitude outbursts of IC 3599 were suggested by Grupe et al. [5] to be due to possible thermal instabilities in the accretion disk, propagating through the inner region at the sound speed and causing an increase in the local accretion rate. Episodes of repeat flaring are then produced on the timescale of decades when the inner disk empties and refills. The two bright outbursts of IC 3599 were separated by 20 yrs. Other scenarios to produce repeated photoionizing outbursts, like an OJ 287-type binary SMBH scenario (where a secondary SMBH might interact in one way or another with the accretion disk around a primary SMBH), remain possible [36].



SDSS J123359.12 + 084211.5 was identified as CL NLS1 [37] with changes in Balmer lines and particularly in Fe ii emission. In the high state, its FWHM(H β ) was 2430 km   s  − 1    [38]. The continuum itself varied by a factor ∼2.



ZTF18aajupnt was classified as NLS1 in the high state, with a LINER spectrum in its low state [39]. Its high-state spectrum shows strong coronal lines. A luminous soft X-ray and mid-infrared flare was detected.



J1406507–244250 was identified from 6dFGS as a candidate CL NLS1 [40]. Its observed optical continuum is about constant, but its H β  line was found to change its FWHM from 500 km   s  − 1    to 3000 km   s  − 1   , leading the authors to speculate about a possible NLS1 classification, taking the FWHM classification criterion loosely.
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Figure 1. Optical image of NGC 1566 taken on 2023 October 19 with the LCOGT (Las Campanas Observatory Global Telescope) 1 m telescope at Siding Spring Observatory. North is up, east is left. 






Figure 1. Optical image of NGC 1566 taken on 2023 October 19 with the LCOGT (Las Campanas Observatory Global Telescope) 1 m telescope at Siding Spring Observatory. North is up, east is left.



[image: Universe 10 00061 g001]





There are also CL impostors. Some other events with transient broad lines have been identified in AGN, but their nature remains uncertain. This is because two other transient phenomena are accompanied by the temporary emission of optical continuum and broad lines, therefore potentially mimicking a CL AGN. The first transients are supernovae (SN) of type IIn [41] which show temporary broad and narrow emission lines (which are believed to arise in interactions of the SN ejecta with dense circum-stellar matter), the other transients are optical stellar tidal disruption events (TDEs; [42]). These are often accompanied by broad emission lines of the Balmer series and/or He ii [43,44] thought to arise from the temporary accretion disk [45]. Some TDEs also show transient high-ionization coronal lines [43,46,47]. If TDEs occur in quiescent, inactive host galaxies, then they can be identified from the host galaxy spectra showing inactivity before the transient event and/or long after the transient event. However, the situation is more complicated when the galaxy is an AGN, such that it is not immediately clear whether the change comes from an accretion disk (instability) or, less likely, from a (very rare) TDE or an SN IIn. The situation is also challenging when there is no pre-outburst spectrum available, or when there are only a few post-outburst spectra, so that long-lived AGN, rare TDE, or SN IIn scenarios cannot immediately be distinguished based on optical spectra alone (see the detailed discussion of Komossa et al. [43] and Komossa et al. [48]; and see Drake et al. [49], Blanchard et al. [50] and Zhang et al. [51] for examples in NLS1-like galaxies).



TDEs are distinguished by their supersoft X-ray emission [35,52,53], except for jetted TDEs which are associated with radio emission and have much harder X-ray spectra [54,55] and could therefore be directly triggered with the ECLAIRs instrument aboard SVOM [56]. SN IIn, on the other hand, are distinguished by the absence of (long-lived) bright X-ray emission, or the absence of X-rays altogether. Further, TDEs are very rare events with a rate of   10  − 4   –  10  − 5    events per galaxy per year [57], and we therefore would not expect any significant number of these in the most nearby galaxies, if any at all. While TDEs themselves are another interesting source population for SVOM, these will not be discussed further here. Many will be detected with the X-ray satellite Einstein Probe [58], a Chinese mission with European participation which was launched in January 2024.



Why have so few CL events been observed so far in NLS1 galaxies? Balmer lines in NLS1 galaxies are bright because of high accretion rates near the Eddington limit in NLS1 galaxies as a class. Therefore, a strong change in BLR luminosity is required before a system is identified as CL event (instead, if the broad lines are already faint in the first place, their disappearance and therefore a change to the type 2 state would be much more easily detectable). Ideally, CL events should therefore require a threshold amplitude of variability in the Balmer lines and continuum flux of a factor of, e.g., >10, in order to identify CL systems homogeneously among AGN. Otherwise, AGN with faint (broad) emission lines would be preferentially classified as CL systems.



Finally, the particularly interesting case of CL events in NGC 1566 will be further discussed in the next Section, including new data taken in 2023 October–November.




3. The NLS1 Nature of NGC 1566 and the Feasibility of Detecting CL NLS1 Galaxies with SVOM


NGC 1566 (Figure 1) is the nearest known CL AGN, repeatedly changing its Seyfert type.3 Here, we argue for its NLS1 classification. Initially known as a bright type 1 AGN [64], it became much fainter in subsequent years. Multiple spectroscopic observations between 1980 and 1982 found it to be a type 2 Seyfert in 1980, then gradually changing back to a type 1 Seyfert, and another CL event happened in 1985 [65,66]. Most of the changes occurred within only 4 months. The Balmer decrement of the broad lines did not change significantly during the CL event [65].



In 2018, an INTEGRAL detection of NGC 1566 at hard X-rays [67] triggered multi-wavelength (MWL) follow-up observations [68,69,70,71], revealing high-amplitude variability. These led to the identification of a new CL event in NGC 1566 [72,73,74].



The width of the broad H β  line in NGC 1566 is relatively narrow. da Silva et al. [75] measured FWHM(H β ) = 1950 ± 20 km   s  − 1    and FWHM(H α ) = 1970 ± 10 km   s  − 1    (see also [65,76]). Together, with a small ratio of [O iii]  λ 5007  /H   β total  < 3  , NGC 1566 fulfills the classification of an NLS1 galaxy. Fe ii emission is detected in the type 1 and 1.5 spectral state [76]. This makes NGC 1566 the nearest of the few CL cases detected so far in NLS1 galaxies.
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Figure 2. Swift lightcurve of NGC 1566. Upper panel: X-ray flux in units of   10  − 11    erg   cm  − 2      s  − 1    (0.3–10 keV), lower panel: optical V flux in units of   10  − 11    erg   cm  − 2      s  − 1   . The latest bright outburst occurred in 2018 and was detected in all Swift bands. The last two data points are from 2023 October 19 and November 2, and show NGC 1566 in quiescence. 
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The X-ray spectrum of NGC 1566 has a strong, hard X-ray component, enabling its detection in high-energy surveys in outburst, as was the case with INTEGRAL in 2018. Parker et al. [72] reported the presence of a typical type 1 X-ray spectrum at high state, extending to high energies and subject to ionized absorption and mild reflection, based on rapid X-ray follow-up observations carried out with XMM-Newton, NuSTAR, and the Neil Gehrels Swift observatory (Swift hereafter). An outflow with velocity of 500 km   s  − 1   , possibly launched by the outburst, was detected with the reflection grating spectrometer (RGS) of XMM-Newton. An earlier hard X-ray flare is evident in 2010 in the Swift BAT lightcurve [77].



The Swift long-term optical and X-ray lightcurve is displayed in Figure 2 (V band and X-ray flux) and Figure 3 (X-ray spectral shape, parameterized by a power law). The majority of observations was proposed by (some of) us, with the addition of archival data including serendipitous observations in 2022 due to an SN program. Our most recent measurements of NGC 1566 of 2023 October 19 and November 2 show it to be in its quiescent state.



The Swift [78] data reduction was carried out following standard procedures. In brief, the UV-optical telescope (UVOT; [79]) observes in three optical and three UV filters. The UV and optical bands in NGC 1566 are closely correlated and we representatively show the V band fluxes here. The V filter central wavelength is  λ  = 5468 Å. For further analysis, the datasets of each V-band observation were first co-added. Source counts were then extracted in a region of circular size with an extraction radius of 3 arcseconds centered on NGC 1566. A nearby area of 20 arcseconds radius was used to extract the background region. The background-corrected counts were converted into VEGA magnitudes and flux densities using the latest calibration (the flux densities in each filter were determined with the UVOT F-tool uvotsource with the parameter apercorr set to curveofgrowth in order to compensate for the deviation from the calibrated circular 5 arcsecond radius source extraction region; the smaller 3 arcsecond extraction region was chosen here to minimize the contribution of the host galaxy). The V-band fluxes are reported as flux density multiplied by the central frequency of the V filter. The last two UVOT data points of 2023 are affected by a slight, uncorrected drift motion of the satellite such that the sources are no longer point-like. Therefore, an elliptical extraction region was chosen instead. Finally, the data were corrected for Galactic reddening based on the reddening curves of Cardelli et al. [80]. The X-ray data were obtained with the Swift X-ray telescope (XRT; [81]). To carry out the timing and spectral analysis, we selected source photons within a circular area with a radius of 20 detector pixels, where one pixel corresponds to a scale of 2.36 arcseconds. Background photons were extracted in a nearby circular region. X-ray spectra of the source and background in the energy band 0.3–10 keV were generated. The spectral analysis was then carried out with the package XSPEC [82].



In order to measure its average X-ray spectral slope, we have merged all existing intermediate to low-state Swift observations of NGC 1566 into one single deep spectrum (amounting to a total exposure time of 0.26 Megaseconds) using the software tool of Evans et al. [83]. The spectrum was then fit with a single powerlaw subject to Galactic absorption (   N H  = 0.9 ×  10 20      cm  − 2   ). This results in an average powerlaw photon index of  Γ  = 1.6 (Figure 4) and demonstrates the rather hard X-ray spectrum of NGC 1566.



CL systems like NGC 1566 will be important ‘secondary science’ targets for the SVOM mission. SVOM (Space Variable Objects Monitor) is a Sino-French space mission with international participation that is scheduled to launch in June 2024 [56] with four instruments onboard: two gamma-ray telescopes (ECLAIRs (4–150 keV) and GRM (15–5000 keV); [84,85,86]), one narrow-field X-ray telescope (MXT; 0.2–10 keV; [87,88]), and an optical telescope (VT; 400–650 nm and 650–1000 nm; [89]). The field of view of each detector is 2 sr (ECLAIRs and GRM),   64 × 64     arcmin 2   (MXT) and   26 × 26     arcmin 2   (VT), respectively. The satellite will be placed into a LEO (Low Earth Orbit) with an inclination of 30 degrees, an altitude of 625 km, and an orbital period of approximately 96 min. Its primary goal is the discovery and study of GRBs at all redshifts [56,90,91]. However, it will also enable a great wealth of other transient astrophysics, which is driven by proposals. The Target of Opportunity proposals are open to all scientists and are evaluated by the Principal Investigators. Here, we comment on the detection of CL NLS1 galaxies with SVOM, highlighting the galaxy NGC 1566 as a nearby prototype.



First, the initial trigger of an NGC 1566 like outburst would come from ECLAIRs. During the SWIFT BAT survey, NGC 1566 was detected at an average peak flux of 4 mCrab (or   10  − 10    erg   cm  − 2      s  − 1   ) in a one month interval during its 2010 outburst [77] in the BAT energy band of 14–195 keV with a powerlaw photon index  Γ  = 2.2. The sensitivity limit of ECLAIRs is 7.9 ×   10  − 10    erg   cm  − 2      s  − 1    for a 5 sigma detection in 1 ks [84,92,93]. During a new outburst, and at a flux level of 4 mCrab, NGC 1566 would be detected with ECLAIRs within 17 ks at 5 sigma. NGC 1566 would therefore be well above the detection threshold of ECLAIRs.



With the Swift XRT, NGC 1566 was not monitored during the 2010 outburst, but well during its 2018 outburst (Figure 2). Its (0.3–10 keV) peak flux was f =   10  − 10    erg   cm  − 2      s  − 1    [72]. A similar outburst would therefore be detected at 5 sigma with the SVOM MXT [87] with an integration time of 16 s. The detection limit of the VT is 22.5 mag in a 300 s observation, and systems like NGC 1566, or even much fainter, would be easily observable and followed-up with the VT, even in their low-emission state. Because of its two filters, VT also provides color information.



In general, AGN outbursts with an (isotropic) X-ray peak luminosity of   10 43   erg   s  − 1    will be detectable out to 200 Mpc with MXT in 10 ks.




4. Implications and Applications of Studying CL Events in NLS1 Galaxies


In addition to investigating the physics of the BLR in NLS1 galaxies and measuring the cross-band time delays, identification, and follow-ups of CL events in NLS1 galaxies have other important astrophysical applications.



First, the disk-instability models make CL NLS1 galaxies valuable targets in shedding light on the type and origin of the disk instability and the accretion disk physics in general under extreme physical conditions. By adopting values of the viscosity parameter  α  and the radiative efficiency parameter  η  of   α = 0.1   and   η = 0.1  , the timescales are estimated to be   ∼ 10   and   ∼ 6500   yrs for a    10 7    M ⊙    SMBH accreting at the Eddington limit in the thermal and viscous radial inflow scenarios (e.g., [94,95,96]), respectively. Additional mechanisms, such as elevation of the accretion disk by a magnetic field (e.g., [8,10]), or any of the other mechanisms discussed in the literature, may therefore be required to understand shorter timescales.



Second, the search for a population of type 2 NLS galaxies, if they exist [97], has been difficult to address, since the main NLS1 identification relies on the BLR properties (line width, Fe ii strength, [O iii]  λ 5007  /H  β total   ratio), unobservable in type 2 states. Few candidate type 2 NLS galaxies have therefore been identified so far, relying mostly on polarization observations (e.g., [98,99]). Once identified (no matter whether the type 2 state is long-lived and due to the unified model [100], or due to high-amplitude variability), then, in X-rays, type 2 states enable follow-up imaging spectroscopy. For example, the detection of X-ray lines from the circum-nuclear medium [101,102] and the determination of their excitation/ionization mechanism, or the detection of spatially resolved optical outflows, are of great interest for our understanding of the mechanisms of feeding and feedback, especially in these high-accretion systems which are rapidly growing their SMBHs.



Third, the optical stellar velocity dispersion measurements become more accessible in type 2 states, otherwise known to be particularly challenging in NLS1 galaxies with their bright continuum emission and strong Fe II complexes in their type 1 states.



Fourth, type 2 states will allow us to study the locus of NLS1 galaxies in diagnostic diagrams [103]. These are based on narrow emission-line ratios as diagnostic tools of the physics of the NLR and of the EUV emission of the accretion disk. This has so far rarely been performed because of the challenge of deblending broad and narrow lines when the broad-line FWHM is so small (<2000 km   s  − 1   ). Samples of at least 10–20 type 2 NLS galaxies will be required for a systematic study of their location in diagnostic diagrams. Along with comparative studies with other types of AGN, especially broad-line Seyfert 1 (BLS1) galaxies, this will provide valuable insights into understanding the characteristics of the NLR properties in NLS1 galaxies.



Fifth, as hypothesized ‘young’ AGN in the early stages of evolution, CL NLS1 galaxies provide an ideal platform for examining the (co)-evolution of AGN and their host galaxies [104]. This can be performed by directly investigating the properties of their host galaxies through their type 2 state. Such studies have been limited due to the strong nonstellar radiation from the luminous active nucleus, which typically overwhelms the starlight from the host galaxy.



Sixth, the stellar populations of the host galaxy can be easily measured in type 2 states. Studies of the stellar population of the host galaxy can give direct evidence if type 2 NLS galaxies possess young populations.



Finally, while the focus of this publication is on using the CL phenomenon for new applications to understand NLS1 physics, we also note that systematic comparisons between CL BLS1 and CL NLS1 galaxies will highlight possible systematic differences in their accretion disk properties (for instance, different types of disk instabilities operating at different   L /  L Edd   ).




5. Summary and Conclusions


The space mission SVOM, scheduled to be launched in 2024, will detect nearby CL AGN. Here, we have focused on NLS1 galaxies in particular, have discussed multiple new applications of observing NLS galaxies in their type 2 state, and have highlighted NGC 1566 as a nearby CL NLS1 prototype; it showed bright MWL outbursts in the past and is found to be in a quiescent state in our most recent Swift observations. New hard X-ray transients will first be triggered with ECLAIRs. The MXT with its soft X-ray sensitivity, and the highly sensitive VT, are then particularly well suited for follow-ups of all bright CL AGN; both NLS1 and BLS1 galaxies. In addition to serving as the discovery mission, SVOM can also be used to follow-up CL events first detected in other surveys and/or wavebands.



The identification of further CL AGN, and in particular more CL NLS1 galaxies, is also expected from large optical spectroscopic surveys with repeat spectroscopic coverage, like SDSS [105,106], the Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST; [107]) or the Dark Energy Spectroscopic Instrument (DESI; [108]), and will continue to be extremely valuable. This approach, however, will generally miss the detection of new events as they happen, when they are brightest, so that MWL observations will not be triggered quasi-simultaneously. In contrast, the identification of transient events among AGN with SVOM will enable rapid follow-up observations including spectroscopy. SVOM will issue alerts on bright transients within ∼5 min [56].



In addition to their identification and X-ray and optical follow-ups with the instruments onboard SVOM to follow the lightcurve evolution, triggering deeper IR, optical and X-ray imaging spectroscopy will then allow important new applications, especially with respect to the study of type 2 NLS galaxies, their NLR properties, their circum-nuclear environment, and of mechanisms of feeding and feedback. This will provide new insights and constraints on the formation and evolution of SMBHs.
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Notes


	
1

	

In a different AGN classification scheme, they are referred to as ‘population A’ AGN, and the FWHM cut is set around 4000 km   s  − 1    [21].






	
2

	

We note here that, throughout, we adopt the optical classification of CL events which has been common in recent years. An alternative scheme looks at X-ray spectral variability, and refers to CLs as events where the X-ray spectrum changes from highly absorbed as in type 2 AGN to barely or unabsorbed as in type 1 AGN [32]. We do not discuss possible such X-ray absorption events in NLS1 galaxies.






	
3

	

Even though this contribution is focused on NLS1 galaxies, we note in passing that some broad-line Seyfert 1 galaxies which changed their Seyfert subtype are at comparable distances to NGC 1566. One such example is NGC 4151. Traditionally known as an intermediate-type Seyfert galaxy (e.g., [59]), its broad Balmer lines were still detected [60,61] but became significantly fainter in 1984 [60,61,62] and were already back to their bright state in January 1985 [63].
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Figure 3. Variation in the X-ray photon index   Γ X   of NGC 1566 from single-component powerlaw fits with absorption fixed at the Galactic value. 
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Figure 4. Composite Swift X-ray spectrum of NGC 1566 created from all intermediate to low-state observations taken in the PC (photon counting) mode, with a total exposure time of 264 ks, overbinned and fit with a single powerlaw spectrum. 
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Table 1. CL events among candidate NLS1 galaxies. Column (1) provides the galaxy name, column (2) provides its redshift z, column (3) provides the total amplitude of variability in X-rays (or in the optical band if no X-ray observations were available), column (4) provides the FWHM of the broad H β  emission line, and column (5) provides the variability time scale  Δ   t var   between the optical spectroscopic change (from one type to another). Since often only two spectra exist instead of a dense monitoring, it is well possible that the AGN changed its type multiple times in between, but simply no spectra were taken to record this.  Δ   t var   therefore usually is an upper limit. NGC 1566 changed within months from one type to the other; here,  Δ   t var   of the fastest recorded change is listed. Column (6) lists further comments. For references on the source parameters, see Section 2.
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Name

	
z

	
Amplitude of var.

in X-rays

	
FWHM(Hβ)

in km   s  − 1   

	
Δ   t var   

in yrs

	
Comments




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)






	
IC 3599

	
0.021

	
>100

	
∼1200

	
0.75

	
two outbursts separated by 20 yrs




	

	

	

	

	

	
no bona-fide NLS1, no Fe ii




	
SDSS J123359.12 + 084211.5

	
0.256

	
  ∼ 2   (opt)

	
2430

	
11

	
change in both Balmer and Fe ii  emission




	
ZTF18aajupnt

	
0.037

	
10

	
940

	
16

	
spectral change from LINER to NLS1




	
J1406507–244250

	
0.046

	
∼1 (opt)

	
3000

	
18

	
little optical continuum variab