
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        Optical, UV, and X-ray light curves for the entire period of our monitoring. From top to bottom, we show (a) 0.2–5.0 keV flux from Swift-XRT, XMM-Newton-EPIC, and eROSITA, (b) UVM2- and UVW1-band flux densities from Swift-UVOT and XMM-Newton-OM, and (c) line fluxes for the broad Hβ and Hα emission components, integrated over the whole broad profile (Sect. 4.4.1). (d) ZTF g- and r-band, (e) ATLAS c- and o-band, (f) WISE W1 and W2 bands. In panels (a), (b), (d), and (e), there are some data points for which the error bars are smaller than the marker for the data point.

      

    

  
    
      Table 1. 

      X-ray and space-based optical/UV observations of J0428−00.

      
        


	Instrument
	ObsID
	Date (MJD)
	X-ray Exp. (in ks)
	Optical & UV filters (exp. in ks)





	Swift
	00013199001
	58886
	2.0
	V(0.17), B(0.17), U(0.17), W1(0.3), M2(0.37), W2(0.67)



	Swift
	00013199003
	58895
	1.4
	V(0.1), B(0.1), U(0.1), W1(0.20), M2(0.35), W2(0.44)



	Swift
	00013199004
	58899
	0.7
	B(0.09), U(0.09), W1(0.26), W2(0.2)



	Swift
	00013199005
	58901
	2.1
	V(0.17), B(0.17), U(0.17), W1(0.3), M2(0.5), W2(0.7)



	Swift
	00013199006
	58907
	1.9
	V(0.15), B(0.15), U(0.15), W1(0.3), M2(0.47), W2(0.61)



	eROSITA
	eRASS1
	58911
	0.3 (0.14)
	NONE



	Swift
	00013199007
	58912
	1.2
	V(0.11), B(0.11), U(0.11), W1(0.21), M2(0.22), W2(0.42)



	Swift
	00013199008
	58914
	1.7
	V(0.13), B(0.13), U(0.13), W1(0.26), M2(0.42), W2(0.53)



	Swift
	00013199009
	58916
	1.7
	V(0.14), B(0.14), U(0.14), W1(0.28), M2(0.42), W2(0.56)



	Swift
	00013199010
	58919
	1.7
	V(0.14), B(0.14), U(0.14), W1(0.28), M2(0.42), W2(0.55)



	eROSITA
	eRASS2
	59093
	0.3 (0.14)
	NONE



	eROSITA
	eRASS3
	59263
	0.3 (0.14)
	NONE



	eROSITA
	eRASS4
	59452
	0.3 (0.14)
	NONE



	Swift
	00014932001
	59550
	5.7
	V(0.29), B(0.29), U(0.29), W1(0.85), M2(2.3), W2(1.4)



	XMM-Newton
	0903991001
	59651
	21.0
	V(3.5),B(3.5), W1(4.4), M2(4.4), W2(4.4)



	Swift
	00015274001
	59786
	5.5
	V(0.43), B(0.43), U(0.43), W1(0.87), M2(1.44), W2(1.74)



	XMM-Newton
	0903991101
	60017
	40.0
	V(4.4), B(4.4), U(4.4), M2(4.4)





      

      
Notes. Log of the space-based X-ray, optical, and ultraviolet observations with eROSITA, Swift (XRT and UVOT instruments), and XMM-Newton (EPIC-pn and OM). The exposure times listed in the table for Swift and XMM-Newton are good time intervals (GTI) after screening. For the eROSITA observations we report the GTI and the vignetting-corrected exposure (in parentheses). In this table, W1, M2 and, W2 are abbreviations for the UVW1, UVM2, and UVW2 filters, respectively.



    

  
    
      Table 2. 

      Optical spectroscopic observations of J0428−00 during 2020–2023.

      
        


	
	Date
	Date
	Instrument (Telescope)
	Slit width
	Seeing
	Exposure



	
	(MJD)
	
	
	(″)
	(″)
	(s)





	S1
	58871
	2020-01-23
	LRIS+LRISBLUE (Keck)
	1.0
	0.46
	600



	S2
	58905
	2020-02-26
	DeVeny (LDT)
	1.5
	1.5
	1800



	S3
	59105
	2020-09-13
	DeVeny (LDT)
	1.5
	1.5
	1700



	S4
	59189
	2020-12-06
	DeVeny (LDT)
	1.5
	1.5
	2400



	S5
	59468
	2021-09-11
	SpUpNIC (SAAO)
	2.7
	∼2.5
	2400



	S6
	59586
	2022-01-07
	RSS (SALT)
	1.5
	2.7
	540



	S7
	59660
	2022-03-22
	FORS2 (VLT)
	1.3
	< 1.3
	900



	S8
	59828
	2022-09-06
	DBSP
	1.5
	1.5
	600



	S9
	59881
	2022-10-29
	RSS (SALT)
	1.5
	1.4
	500



	S10
	59883
	2022-10-31
	RSS (SALT)
	1.5
	3.5–4.5
	720



	S11
	60018
	2023-05-15
	FORS2 (VLT)
	1.3
	< 1.3
	900





      

    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Broadband SED fits for (a) the first Swift SED, taken near the flare peak in February 2020, and (b) the first XMM-Newton SED, taken in February 2022, assuming a black hole mass of MBH = 4 × 108 M⊙. In each plot, the dashed blue line denotes the intrinsic unabsorbed AGN continuum. The dotted black line denotes the stellar contribution of the host galaxy. The solid black line denotes the Galaxy-absorbed total (AGN + host galaxy) model. The green markers represent the X-ray data and the magenta markers represent optical data. In each panel, the y-error bars are smaller for some data points than the data point marker.

      

    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        X-ray spectra and light curves. Panel (a) shows the variation in the three selected X-ray spectra taken during the brightest phase, the minimum flux, and during the second peak. The round markers represent unfolded data and the solid lines represent best-fit model. Black represents the brightest X-ray observation from Swift, magenta represents the minimum flux observation from eROSITA and blue represents the second peak from Swift. Panels (b) and (c) shows the mean-normalized light curves exhibiting short-term variability in the decaying part of the flare, between MJD 58880 to 58920 for 0.2–5.0 keV X-ray and the UVW2 and UVM2 band, respectively.

      

    

  
    
      Table 3. 

      X-ray photon indices and model flux from power-law fits to all X-ray spectra.

      
        


	Date
	Telescope
	ΓX
	F0.2 − 5.0 keVa



	(MJD)
	
	
	





	58886
	Swift-XRT
	1.90 ± 0.21
	3.57 ± 0.48



	58895
	Swift-XRT
	1.75 ± 0.36
	2.66 ± 0.48



	58899
	Swift-XRT
	1.91 ± 0.63
	2.98 ± 1.00



	58901
	Swift-XRT
	1.69 ± 0.24
	2.69 ± 0.41



	58907
	Swift-XRT
	1.8 ± 0.2
	2.08 ± 0.42



	58911
	eROSITA
	1.73 ± 0.34
	3.06 ± 0.42



	58912
	Swift-XRT
	1.99 ± 0.33
	3.0 ± 0.6



	58914
	Swift-XRT
	1.90 ± 0.25
	3.34 ± 0.42



	58916
	Swift-XRT
	1.82 ± 0.41
	1.79 ± 0.38



	58919
	Swift-XRT
	1.89 ± 0.69
	0.96 ± 0.28



	59093
	eROSITA
	2.1 ± 0.4
	0.74 ± 0.21



	59263
	eROSITA
	2.35 ± 0.55
	0.52 ± 0.15



	59452
	eROSITA
	2.61 ± 1.49
	0.19 ± 0.12



	59550
	Swift-XRT
	1.72 ± 0.19
	1.54 ± 0.18



	59651
	XMM-Newton
	1.82 ± 0.03
	0.48 ± 0.02



	59786
	Swift-XRT
	1.56 ± 0.71
	0.22 ± 0.09



	60017
	XMM-Newton
	1.76 ± 0.02
	0.41 ± 0.01





      

      
Notes. Photon indices and values of 0.2–5.0 keV absorbed flux from the power-law fits to all X-ray spectra. All errors correspond to the 90% confidence limit of the BXA-Ultranest posteriors. The photon indices are mostly moderately flat, with ΓX usually near 1.9. (a) In units of 10−12 erg s−1 cm−2.



    

  
    
      Table 4. 

      Parameters from broad SED fits assuming a black hole mass of 4 × 108 M⊙.

      
        


	Date (MJD)
	Telescope
	log λEdd
	Γwarm
	Rhot (Rg)
	Rwarm (Rg)
	χ2/d.o.f.





	58886
	Swift
	−2.13 ± 0.04
	
[image: equation]
	23.0 ± 3.0
	
[image: equation]
	1.22



	58895
	Swift
	−2.16 ± 0.05
	
[image: equation]
	
[image: equation]
	
[image: equation]
	0.87



	58899
	Swift
	
[image: equation]
	
[image: equation]
	
[image: equation]
	295 ± 180
	1.06



	58901
	Swift
	−2.17 ± 0.04
	
[image: equation]
	28.1 ± 4.0
	300 ± 180
	1.34



	58907
	Swift
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	0.79



	58912
	Swift
	−2.26 ± 0.05
	
[image: equation]
	
[image: equation]
	
[image: equation]
	1.25



	58914
	Swift
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	0.77



	58916
	Swift
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	0.96



	58919
	Swift
	
[image: equation]
	
[image: equation]
	17.7 ± 4.5
	
[image: equation]
	1.76



	59550
	Swift
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	1.55



	59651
	XMM-Newton
	
[image: equation]
	
[image: equation]
	30.0 ± 2.7
	
[image: equation]
	1.05



	59786
	Swift
	
[image: equation]
	
[image: equation]
	
[image: equation]
	41 ± 9
	6.18



	60017
	XMM-Newton
	−2.99 ± 0.01
	
[image: equation]
	
[image: equation]
	28.7 ± 3.0
	4.46





      

    

  
    
      Fig. 4. 

      
        [image: thumbnail]
      

      
        Optical spectra of J0428−00. Panel (a) displays the 6dF spectrum from 2005 (not flux-calibrated), wherein no broad Hβ emission is detected above the continuum. Panel (b) shows the spectra taken during our 2020–2023 campaign. The spectra are not extinction corrected. The grey bands mark telluric absorption bands.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Spectroscopic analysis of the extinction-corrected Keck spectrum. Panel (a) displays the local continuum fit. We fit the local continuum around the broad Hβ and broad Hα line regions using a power law plus host-galaxy template. Panel (b) shows the local continuum-subtracted Hβ line region. The best-fitting model consists of red- and blueshifted broad Gaussians to fit the broad Hβ emission profile, as well as Gaussian profiles fit to the narrow [O III]λλ4959,5007 doublet, including two blueshifted components for each line. The narrow gray Gaussian profile coincides with [Fe VII]λ4893 emission, but this identification is tentative (see text for details). Panel (c) shows the local continuum-subtracted Hα line region. The best-fitting model includes red- and blueshifted broad Gaussians to fit the broad Hα profile, as with Hβ. There are also narrow Gaussian profiles fit to the [N II]λλ6548,6584 and [S II]λλ6716,6731 doublets, as well as to narrow Hα.

      

    

  
    
      Fig. 6. 

      
        [image: thumbnail]
      

      
        Ratio of the broad Hβ flux to narrow [O III] λ5007 flux, RHβ/[O III], as a function of time for the 2020–2023 spectra. The ratio is plotted using the round blue marker. The dashed blue line represents the approximate trend. The upper limit to RHβ/[O III] from the archival 6dF spectrum is plotted as the dashed red line. The solid horizontal lines denote the boundaries between Seyfert subtypes following Winkler (1992).

      

    

  
    
      Table 5. 

      Best-fitting parameters from diskline fits to the broad Balmer profiles in the Keck spectrum.

      
        


	Line
	Diskline
	Gaussian component



	
	Rin
	Rout
	Inclination (θi)
	σ0
	
[image: equation]
	
[image: equation]



	
	(Rg)
	(Rg)
	(°)
	(km s−1)
	(km s−1)
	(km s−1)





	Hα
	390 ± 10
	1290 ± 140
	13.2 ± 0.2
	1160 ± 60
	21 ± 165
	3190 ± 90



	Hβ
	716 ± 44
	1000†
	17.0 ± 0.6
	1000 ± 46
	290 ± 150
	3600 ± 200





      

      
Notes. Best-fitting parameter values for diskline fits to the broad Hβ and Hα lines in the Keck spectrum for the diskline + broad Gaussian model, and where the fit parameters are not tied between Hβ and Hα. The inner and outer radii Rin and Rout are in units of the gravitational radius (Rg). The inclination angle (θi) is in degrees. The parameter σ0 is the broadening parameter. The displacement of the peak ([image: equation]) with respect to the rest wavelength and the width of the additional Gaussian is reported in km s−1. The error bounds marked with † are pegged at set lower bounds (see Sect. 4.4.2 for details).



    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Diskline model fits to the broad Hα and Hβ emission line profiles – narrow line and continuum subtracted – as described in Section 4.4.2. Hα profile is fit with (a) single diskline and (b) combination of diskline and a Gaussian profile. Hβ profile is fit with (c) single diskline and (d) combination of diskline and a Gaussian profile, with best-fitting parameters independent of those for the Hα profile fit. The dashed line represents the zero flux density level.

      

    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
        BPT diagrams (Baldwin et al. 1981) to assess the activity in J0428−00. The line ratios (panel a) [N II]λ6583/Hα and (panel b) [S II]λ6717/Hα are plotted against the line ratio [O III]λ5007/Hβ. The classification curves are taken from Kewley et al. (2001), Kauffmann et al. (2003), and Schawinski et al. (2007).

      

    

  
    
      Table B.1. 

      Overview of model fits to the Hβ and Hα profiles in optical spectra.

      
        


	Spec.
	Time
	Telescope
	Hβ-λ range
	Hα-λ range
	[O III]-model
	Broad Hβ-model





	-
	53408
	6dF
	(4600 Å, 5160 Å)
	(6416 Å, 6760 Å)
	1-Gaussian
	2-Gaussian



	S1
	58871
	Keck
	(4500 Å, 5160 Å)
	(6200 Å, 6900 Å)
	3-Gaussian
	2-Gaussian



	S2
	58905
	LDT
	(4500 Å, 5160 Å)
	(6300 Å, 6800 Å)
	3-Gaussian
	2-Gaussian



	S3
	59105
	LDT
	(4500 Å, 5160 Å)
	(6300 Å, 6800 Å)
	2-Gaussian
	2-Gaussian



	S4
	59189
	LDT
	(4500 Å, 5160 Å)
	(6300 Å, 6800 Å)
	2-Gaussian
	2-Gaussian



	S5
	59468
	SAAO
	(4500 Å, 5160 Å)
	(6300 Å, 6800 Å)
	2-Gaussian
	1-Gaussian



	S6
	59586
	SALT
	(4500 Å, 5160 Å)
	(6300 Å, 6760 Å)
	2-Gaussian
	1-Gaussian



	S7
	59660
	FORS2
	(4500 Å, 5160 Å)
	(6300 Å, 6800 Å)
	2-Gaussian
	2-Gaussian



	S8
	59828
	DBSP
	(4500 Å, 5160 Å)
	(6300 Å, 6800 Å)
	2-Gaussian
	1-Gaussian



	S9
	59881
	SALT
	(4500 Å, 5160 Å)
	(6300 Å, 6800 Å)
	2-Gaussian
	2-Gaussian



	S10
	59883
	SALT
	(4500 Å, 5160 Å)
	(6300Å, 6800Å)
	2-Gaussian
	1-Gaussian



	S11
	60018
	FORS2
	(4500 Å, 5160 Å)
	(6300Å, 6800Å)
	2-Gaussian
	2-Gaussian





      

      
Notes. Columns 4 and 5 list the wavelength ranges used for local fitting of the broad Balmer profiles line regions. Columns 6 and 7 lists the (signal-to-noise-dependent) model used for fitting the [O III] λλ4959,5007 and Hβ profiles, respectively.



    

  
    
      Table B.2. 

      Best-fitting [O III]λ5007, Hβ broad and narrow, [N II]λ6585, Hα broad and narrow emission line fluxes, and RHβ/[O III]

      
        








	Spec.
	Time
	spectral
	Narrow line flux
	Broad line flux
	RHβ/[O III]



	
	
	index
	[O III]λ5007
	Hβ
	[N II]λ6585
	Hα
	Hβ
	Hα
	





	S1
	58871
	−2.81 ± 0.04
	7.8 ± 0.4
	0.2 ± 0.1
	4.1 ± 0.1
	2.2 ± 0.1
	40.6 ± 1.1
	116.0 ± 1.0
	5.3 ± 0.3



	S2
	58905
	−1.8 ± 0.1
	7.0 ± 0.8
	< 0.1
	5.4 ± 0.3
	4.9 ± 0.5
	41.0 ± 2.1
	124.3 ± 2.8
	6.1 ± 0.8



	S3
	59105
	−0.5 ± 0.1
	8.0 ± 0.2
	< 0.3
	2.9 ± 0.7
	3.1 ± 0.7
	19.4 ± 2.2
	90.4 ± 2.2
	2.5 ± 0.3



	S4
	59189
	−0.6 ± 0.1
	7.2 ± 0.5
	< 0.2
	6.4 ± 1.4
	5.7 ± 0.2
	18.7 ± 2.1
	80.6 ± 2.8
	2.6 ± 0.3



	S5
	59468
	–
	8.3 ± 0.6
	< 1.5
	8.6 ± 0.3
	7.0 ± 0.3
	8.6 ± 2.8
	54.5 ± 3.1
	1.1 ± 0.4



	S6
	59586
	–
	6.3 ± 0.5
	< 0.4
	6.8 ± 1.6
	4.2 ± 1.6
	17.7 ± 2.6
	88.7 ± 3.1
	2.8 ± 0.4



	S7
	59660
	–
	9.1 ± 0.6
	< 0.2
	2.6 ± 0.6
	3.14 ± 0.6
	20.0 ± 1.5
	96.4 ± 3.5
	2.3 ± 0.2



	S8
	59828
	–
	6.8 ± 0.3
	< 0.5
	3.0 ± 0.4
	2.2 ± 0.3
	9.8 ± 2.4
	39.2 ± 1.2
	1.5 ± 0.4



	S9
	59881
	–
	6.2 ± 0.3
	< 0.1
	5.5 ± 0.2
	4.0 ± 0.2
	7.0 ± 1.5
	29.5 ± 1.3
	1.0 ± 0.2



	S10
	59883
	–
	5.4 ± 0.5
	< 0.4
	5.4 ± 1.4
	3.2 ± 1.4
	9.0 ± 3.2
	40.5 ± 2.7
	1.6 ± 0.6



	S11
	60018
	–
	8.0 ± 0.6
	< 0.1
	4.9 ± 0.6
	3.15 ± 0.6
	18.6 ± 2.0
	76.4 ± 1.7
	2.3 ± 0.2





      

      
Notes. The broad line fluxes are estimated from the phenomenological Gaussian fitting. For the Hα emission line, the flux value is the integrated flux for the best-fitting double Gaussian model. For the Hβ emission line, most flux values are estimated from the double Gaussian fits, except those where we use a single Gaussian model due to low signal-to-noise ratio. All flux units are 10−15 erg s−1 cm−2.



    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
        Mean-normalized 6dF spectrum, taken on 7th February 2005; it is not flux calibrated. A broad Hβ line is not detected; the dashed black line represents the profile corresponding to the upper limit on the amplitude of a broad Gaussian centered near Hβ. This upper limit is comparable to the noise seen in the spectrum, thus barring us from claiming any detection of broad Hβ emission.

      

    

  
    
      Fig. B.2. 

      
        [image: thumbnail]
      

      
        Same as Fig. 5 but for spectrum S2, taken at LDT on 26 February 2020.

      

    

  
    
      Fig. B.3. 

      
        [image: thumbnail]
      

      
        Same as Fig. 5 but for spectrum S3, taken at LDT on 13 September 2020.

      

    

  
    
      Fig. B.4. 

      
        [image: thumbnail]
      

      
        Same as Fig. 5 but for spectrum S4, taken at LDT on 6 December 2020.
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