
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        HST/STIS spectra taken in 2000 (red) and 2022 (blue), and the difference spectrum between them (black, multiplied by 10 for clarity). The spectrum in 2000–2600 Å shows no emission feature and is not presented. We mark the regions affected by galactic emission lines (Lyα and O I λ1302) with grey shades.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Host-subtracted LCs of the 2021 flare. The observation time was converted to phase relative to the discovery date in the rest frame. For clarity, we did not show the upper limits from ASASSN/g observations after +200 days or those from ATLAS/c observations after +500 days, and binned the LCOGT data weekly. We show the t−5/3 curves that fit the data in UVW2, c, and o bands after +60 days in dashed lines for comparison.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        MCMC realisations of bolometric LCs (grey) and their median LC (black). We show the observed data (colours the same as in Fig. 5) after bolometric corrections for comparison. The data in the ATLAS/c band (rest-frame 4840 Å) show excess relative to the models, possibly due to broad He II and Hβ emission lines (see Sect. 3.3 for details).

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        XRT net count rates in 0.3–10 keV. The two X-ray flares are indicated by red shades. The averaged count rate (with 1σ error) of all 29 observations and that of the other 26 are indicated by green and grey shades, respectively.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        XMM-Newton/EPIC spectra taken in 2009 (black) and in 2022 (+247 day, red), and the Swift/XRT spectrum taken in July 16 2022 (+281 day, blue). We show the best-fitting models with corresponding colours. For the Swift spectrum, we show the power-law and blackbody models in dashed and solid lines, respectively.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Radio SED constructed from the data taken from archival VLA observations covering frequency between 1.4 and 14 GHz (black; Hayashi et al. 2021), and that from new VLA observations centred at ∼15 and ∼20 GHz (red). We show the MCMC realisations of the synthrotron emission model with grey lines.

      

    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        Comparison of the Hα FWHM and He II/Hα ratio of the 2021 flare with those of TDEs (Charalampopoulos et al. 2022) and quasars. For the 2021 flare, we show the values assuming that the flare’s continuum is a third-order polynomial, and the values are located in the TDE region in this figure. If the results by assuming other continuum model are adopted, the values will still be in this region. We present the range of Hα FWHMs of 99.87% of SDSS DR7 quasars from Shen et al. (2011) and the averaged He II/Hα ratio of SDSS early data release quasars from Vanden Berk et al. (2001).

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Comparison of the Magellan spectrum of F01004-2237 and the SDSS spectra of the four quasars with FWHM > 16 000 km s−1. Best-fitting polynomial continuum models are shown in dashed lines.

      

    

  
    
      Table 6. 

      Known energetic recurring flares.

      
        


	ID
	z
	log MBH
	nflare
	Δt
	E1/L1
	E2/L2
	Emax
	r21
	tnext
	Ref.



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)





	ASASSN-14ko
	0.0425
	7.9
	> 21
	0.31
	LUV = 1.8 × 1044
	*EUV ∼ 3 × 1050
	∼1
	–
	1,2,3



	




	eRASSt J0456
	0.077
	7.0
	5
	∼0.6
	EX = 1.0 × 1052
	EX = 3.6 × 1051
	EX = 1.0 × 1052
	0.4
	–
	4,5



	
	
	
	
	
	LX = 4.6 × 1044
	LX = 1.1 × 1044
	
	
	



	




	AT 2022dbl
	0.0284
	6.4
	2
	1.89
	LUV = 7.8 × 1043
	LUV = 3.0 × 1043
	*EUV ∼ 3 × 1050
	0.4
	2026/01
	6



	




	AT 2020vdq
	0.045
	6.1
	2
	2.54
	EUV = 6 × 1049
	EUV = 2 × 1051
	EUV = 2 × 1051
	30
	2026/01
	7



	
	
	
	
	
	LUV = 6 × 1042
	EUV = 1 × 1044
	
	
	



	




	AT 2018fyk
	0.059
	7.7
	2
	3.1
	LUV = 3 × 1044
	LUV = 7 × 1042
	EUV = 9 × 1051
	0.02
	2025/03
	8,9



	




	F01004-2237
	0.1178
	7.4
	2
	10.3
	EUV = ∼1 − 11 × 1052
	EUV = 0.5 × 1052
	EUV > 1 × 1052
	0.05–0.5
	2033
	10,11



	
	
	
	
	
	LUV = ∼4 − 11 × 1044
	LUV = 4.4 × 1044
	
	
	



	




	IC 3599
	0.0215
	6.7
	2
	18.8
	LX > 5.6 × 1043
	LX > 1.5 × 1043
	*EX ≳ 4 × 1050
	0.3?
	2029
	12,13,14



	




	RX J1331-3243
	0.0519
	6.5
	2
	27.5
	LX > 1 × 1043
	LX > 6 × 1042
	–
	0.6?
	2050
	15,16





      

      
Notes. (1): The identification of the flares (eRASSt J045650.3-203750 and RX J133157.6-324319.7 are listed as short names). (2): Redshift. (3): Black hole mass in a unit of M⊙. For IC 3599, we adopted value from Grupe et al. (2015). (4): Number of flares reported. Note that we did not adopt the three-flares model for IC 3599 proposed by Campana et al. (2015) because the predicted flare in 2019 was not seen (Grupe et al. 2024). (5): The time interval of the observed peaks of the flares in a unit of years in the rest frame. (6)(7): The total energies (if present in the literature) and the peak luminosities of the first and the second flares. We list the energies and luminosities in 0.2–2 keV for those flares detected in the X-ray band, and the values in the UV band from blackbody fit for other flares. For ASASSN-14ko, all flares have similar luminosities, so we list the average for the flares studied in detail. For IC 3599 and RX J1331-3243 with sparse data sampling, we adopted the observed peak luminosities as lower limits. (8): The total energy of the most energetic flare. The values with a ‘*’ label are our own estimates based on literature data, which is not accurate and only used for order of magnitude estimates. Others are taken directly from the literature. The total energy of flares in RX J1331-3243 cannot be estimated due to a lack of observational data. (9): The ratio between the energies of the second and the first flares. If energies are absent in the literature, we calculated the ratio between peak luminosities. Note that the ratios are only for reference for IC 3599 and RX J1331-3243 with only lower limits of luminosities. (10): The predicted peak time of the next flare for those occurring only twice. (11): References are: 1. Payne et al. (2021); 2. Payne et al. (2022); 3. Payne et al. (2023); 4. Liu et al. (2023b); 5. Liu et al. (2024); 6. Lin et al. (2024); 7. Somalwar et al. (2023); 8. Wevers et al. (2019); 9. Wevers et al. (2023); 10. Tadhunter et al. (2017); 11. Dou et al. (2017); 12. Grupe et al. (1995); 13. Grupe et al. (2015); 14. Campana et al. (2015); 15. Hampel et al. (2022); 16. Malyali et al. (2023).



    

  
    
      Table A.1. 

      Swift observation log and XRT count rates

      
        


	OBSID
	date
	MJD
	phase(day)
	texp (s)
	Ntot
	Nbkg
	fc
	rate (10−3 cnt s−1)





	00014990001
	2021-12-24
	59572.4
	99.1
	1569.6
	4
	1.584
	1.352
	< 6.68



	00014990002
	2021-12-30
	59578.5
	104.6
	1654.8
	5
	0.297
	1.467
	
[image: equation]



	00014990003
	2022-01-07
	59586.6
	111.8
	1557.0
	4
	0.341
	1.897
	
[image: equation]



	00014990004
	2022-01-15
	59594.1
	118.6
	2166.3
	3
	0.329
	2.391
	
[image: equation]



	00014990008
	2022-05-06
	59705.9
	218.6
	6376.1
	7
	0.663
	1.467
	
[image: equation]



	00014990009
	2022-05-21
	59720.8
	232.0
	2008.3
	2
	0.218
	2.274
	
[image: equation]



	00014990010
	2022-06-04
	59734.7
	244.3
	1499.4
	1
	0.264
	1.380
	< 4.26



	00014990011
	2022-06-17
	59747.7
	256.0
	1960.7
	1
	0.169
	1.560
	< 3.74



	00014990012
	2022-07-02
	59762.8
	269.5
	860.0
	2
	0.302
	1.374
	< 9.79



	00014990013
	2022-07-16
	59776.3
	281.5
	1033.0
	13
	0.375
	1.328
	
[image: equation]



	00014990014
	2022-07-30
	59790.5
	294.3
	1511.9
	6
	0.369
	1.380
	
[image: equation]



	00014990015
	2022-08-13
	59804.1
	306.4
	1599.7
	1
	0.177
	4.308
	< 12.65



	00014990016
	2022-08-27
	59818.7
	319.5
	1589.6
	2
	0.233
	1.765
	
[image: equation]



	00014990017
	2022-09-10
	59832.6
	331.9
	1384.0
	6
	0.593
	1.422
	
[image: equation]



	00014990018
	2022-09-24
	59846.5
	344.4
	990.4
	8
	0.313
	1.355
	
[image: equation]



	00014990019
	2022-10-02
	59854.6
	351.6
	1639.8
	11
	0.541
	1.347
	
[image: equation]



	00014990020
	2022-10-05
	59857.8
	354.5
	1702.5
	2
	0.199
	1.902
	
[image: equation]



	00014990021
	2022-10-08
	59860.3
	356.7
	1459.2
	6
	0.397
	1.547
	
[image: equation]



	00014990023
	2022-10-14
	59867.0
	362.7
	1206.0
	2
	0.125
	1.572
	
[image: equation]



	00014990024
	2022-10-22
	59874.4
	369.4
	451.3
	1
	0.061
	1.477
	< 15.71



	00014990025
	2022-10-27
	59879.9
	374.2
	1830.3
	5
	0.301
	1.582
	
[image: equation]



	00014990026
	2022-10-30
	59882.5
	376.6
	1532.0
	2
	0.175
	1.506
	
[image: equation]



	00014990027
	2022-11-03
	59886.6
	380.2
	1557.0
	5
	0.283
	1.614
	
[image: equation]



	00014990028
	2022-11-06
	59889.9
	383.2
	2061.0
	2
	0.253
	1.450
	
[image: equation]



	00014990030
	2022-11-15
	59898.6
	390.9
	742.2
	3
	0.143
	1.429
	
[image: equation]



	00014990031
	2022-11-18
	59902.0
	394.0
	1080.6
	3
	0.206
	1.738
	
[image: equation]



	00014990032
	2022-11-23
	59906.2
	397.8
	2111.1
	4
	0.279
	2.216
	
[image: equation]



	00014990033
	2023-05-07
	60071.4
	545.5
	3089.0
	3
	0.442
	2.547
	
[image: equation]



	00097667001
	2024-05-06
	60436.9
	872.5
	1973.2
	2
	0.226
	1.499
	
[image: equation]





      

    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
        Best-fitting stellar model in the pre-flare spectrum. The grey shades label the emission lines identified by us. These are: 1. O III λλ3121,3132; 2. He I λ3189; 3. [Ne V] λ3346; 4. [Ne V] λ3426; 5. [Fe VII] λ3586; 6. [O II] λλ3726,3729; 7. [Fe VII] λ3759; 8. [Ne III] λ3869 + He I λ3889; 9. [Ne III] λ3968 + Hϵ; 10. [S II] λ4076 + Hδ; 11. Hγ + [O III] λ4363; 12. He I λ4471; 13. N III λ4640 + He II λ4686; 14. Hβ; 15. [O III] λλ4959,5007; 16. [N I] λ5199; 17. [Fe VII] λ5722 + [Fe II]λ5750??; 18. He I λ5876; 19. [Fe VII] λ6087; 20. [O I] λ6300; 21. [O I] λ6364 + [Fe X] λ6376; 22. Hα + [N II] λ6548,6583; 23. He I λ6679 + [S II] λλ6716,6731; 24. He I λ7065; 25. [Ar III] λ7136; 26. [O II] λλ7320,7330. The dark grey shades label the regions affected by strong telluric absorption lines, which were not included in the fitting.

      

    

  
    
      Fig. D.1. 

      
        [image: thumbnail]
      

      
        Identification of the UV absorption lines towards the nucleus of F01004-2237. (a): The HST/COS spectrum and absorption lines identified in it. (b): We show the regions affected by the absorption lines in the STIS spectrum of the 2021 flare with grey shades.

      

    

  OEBPS/aa52380-24-fig9_small.jpg





OEBPS/aa52380-24-eq27.gif





OEBPS/aa52380-24-eq29.gif





OEBPS/aa52380-24-eq23.gif





OEBPS/aa52380-24-eq24.gif





OEBPS/aa52380-24-eq21.gif





OEBPS/aa52380-24-eq20.gif







OEBPS/aa52380-24-eq38.gif





OEBPS/aa52380-24-eq37.gif





OEBPS/aa52380-24-eq39.gif
A, B






OEBPS/aa52380-24-eq34.gif





OEBPS/aa52380-24-eq32.gif





OEBPS/aa52380-24-eq31.gif
,,
¥
oy





OEBPS/aa52380-24-fig1_small.jpg





OEBPS/aa52380-24-eq44.gif
211






OEBPS/aa52380-24-eq43.gif





OEBPS/aa52380-24-fig7_small.jpg





OEBPS/aa52380-24-fig6_small.jpg





OEBPS/aa52380-24-eq8.gif
Sy






OEBPS/aa52380-24-eq9.gif





OEBPS/aa52380-24-eq4.gif





OEBPS/aa52380-24-eq6.gif





OEBPS/aa52380-24-eq7.gif





OEBPS/aa52380-24-eq1.gif
r

A A






OEBPS/aa52380-24-fig2_small.jpg





OEBPS/aa52380-24-eq2.gif





OEBPS/aa52380-24-eq3.gif
x 137






OEBPS/aa52380-24-fig4.jpg
Host-subtracted f, (u)y)

200

100

i

1

—-400

—200

0

1 1 1
200 400 600
Rest-frame Phase (day)

1
800

1
1000






OEBPS/aa52380-24-fig5.jpg
Host-subtracted AB Magnitude

17.0

17.5

18.0

18.5

19.0

19.5

20.0

20.5

21.0¢

I H I - - =

ASASSN/g
ATLAS/o
ATLAS/c
LCOGT/g
LCOGT/r
LCOGT/i

Lo g o B

Swift/v
Swift/B
Swift/u
Swift/UVW1
Swift/UVM2
Swift/Uvw2

0 100 200 300 400 500
Rest-frame phase since 2021 Sep 4 (days)

600





OEBPS/aa52380-24-fig6.jpg
Tob (K)

28000

26000

24000

22000

20000

80

44.5

+ ++ 44.3

44.2

44.1

100 120 140 160 180 200 220 2464'0
Rest-frame Phase Since 2021 Sep 4 (days)

log Ly (erg s71)





OEBPS/aa52380-24-fig7.jpg
Bolometric luminosity (erg s™1)

1044

1043 ‘

1 1 1 1
100 200 300 400
Rest-frame phase since 2021 Sep 4 (days)





OEBPS/aa52380-24-fig9.jpg
Fr(10%ergslcm=241)

STIS 2022 - 2000
Continuum
Continuum+Gaussian
Summed model
Residual

1100 1150 1200 1250 1300 1350
Rest-frame wavelength (4)





OEBPS/aa52380-24-fig16_small.jpg





OEBPS/aa52380-24-fig12_small.jpg





OEBPS/aa52380-24-fig10.jpg
.020

coun%s)

(

0.015

o©
o
=
o

XRT og-lo keV rate
o
o
(6}

0.000

100 200 300 400 500 900
Rest-frame phase since 2021-Sep-4 (days)





OEBPS/aa52380-24-eq18.gif





OEBPS/aa52380-24-eq17.gif





OEBPS/aa52380-24-fig11.jpg
Photon s~ cm~2 keV~1

1073

1074

10°5

10-6

0.2

0.4

06 081
Energy (keV)

zpowerlaw
zbbody
XMM/EPIC 2009-12
XMM/EPIC 2022-06
Swift/XRT 2022-07-16






OEBPS/aa52380-24-fig14.jpg
Fy(107 % ergs 1 cm2471)

4000

4500

F01004-2237x10
3C 332
11027+6050
J1334-0138
J1605+2309

5000 5500 6000
Rest frame wavelength (4)

6500

7000





OEBPS/aa52380-24-fig16.jpg
I€E0T°0=23®e
CVCIVY AN
1€0T°0=21e

60T 0=Z je VA7

TE0T 0=2 3e vA]

£L60°0=Z 3e pA]

9160°'0=2 1e nA]

—
(0
~—

(-¥ -

wo

s 619 o

_0T) Y4

1210 1220 1230
frame wavelength (4)

1200

1190

Rest





OEBPS/aa52380-24-eq10.gif





