
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        MWL lightcurve of B2 1811+31 in a period of approximately 70 days surrounding the Fermi-LAT high-state detection on MJD 59123, marked by the dashed red line. From top to bottom panels: VHE γ-ray flux above 135 GeV from MAGIC, HE γ-ray flux above 100 MeV from Fermi-LAT in daily bins and using the ‘adaptive-binning’ method, X-ray flux in the 0.3−10 keV range from Swift-XRT, optical/UV data in the photometric filters of Swift-UVOT, optical R-band data and radio data. The shaded yellow and light violet bands indicate periods of 48 h and 72 h surrounding the two sets of MAGIC consecutive observation nights, respectively, defined as periods A and B in Section 6.

      

    

  
    
      Table 2. 

      Fermi-LAT spectral analyses on B2 1811+31 during the “Pre-flare”, “Flare” and “Post-flare” periods.

      
        

	Period
	Start
	Stop
	ΓPL
	F (>100 MeV)×10−8



	
	[MJD]
	[MJD]
	
	[ph cm−2 s−1]





	Pre-flare
	54682
	58940
	2.11±0.03
	1.7±0.1
	
	



	Flare
	58940
	59190
	1.83±0.02
	9.6±0.5
	
	



	Post-flare
	59190
	59945
	2.04±0.05
	1.9±0.3
	
	





      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Long-term evolution of the optical-to-X-ray SED of B2 1811+31 reconstructed from the Swift-UVOT and Swift-XRT observations.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Scatter plot of the PL spectral index Γγ and flux Fγ in the HE γ-ray data. In the top (bottom) panel, Γγ and Fγ derive from the Fermi-LAT lightcurve with 30-day bins (daily bins) shown in Figure 1 (Figure 3). The dotted lines mark the fits using Eq. (6).

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Spectral energy distribution at HE and VHE γ rays of B2 1811+31 during periods A and B. For the two periods, spectral points are shown in brown and violet and the 1σ uncertainty bands are in shaded yellow and light violet, respectively. The points with full round markers are derived from Fermi-LAT data. For the two periods, the best-fit parameters of the spectrum reconstructed from Fermi-LAT observations are reported in Table C.5. The points with full square markers show the MAGIC EBL-corrected SEDs. The observed MAGIC spectral points are indicated with hollow square markers and dashed error bars.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Leptonic modeling of the broadband SED of B2 1811+31 during period B within the 2020 high state in VHE γ rays, marked by the red points. Archival data are indicated by the hollow gray points. The shaded blue and orange areas indicate the 1σ uncertainty bands on the intrinsic spectrum of the source derived from Fermi-LAT and MAGIC observations, respectively. The two insets show a zoom-in on the optical/UV and X-ray bands, respectively. For the two-zone SSC model, the contributions from the blob and core are indicated, respectively, by the orange and green lines, whereas the total is computed as the sum of the two. (a) One-zone SSC modeling. (b) Two-zone SSC modeling.

      

    

  
    
      Table 4. 

      SED modeling parameters for the one-zone and two-zone SSC model of the 2020 VHE γ-ray high state of B2 1811+31.

      
        

	Model
	γmin
	γb
	γmax
	p1
	p2
	B
	Ke
	Rb
	δD
	ue/uB



	(region)
	[×103]
	[×104]
	[×105]
	
	
	[G]
	[cm−3]
	[×1015cm]
	
	





	One-zone
	0.7
	3.2
	3.0
	1.9
	4.4
	0.13
	7.6
	10.6
	20
	31.3



	




	Two-zone (blob)
	6.0
	4.0
	3.0
	2.0
	3.8
	0.38
	7.95
	4.0
	10
	18.3



	Two-zone (core)
	0.5
	0.38
	0.7
	1.8
	2.7
	0.17
	0.74
	210
	4
	1.0





      

      
Notes. Columns: (1) Model. (2), (3), (4) Minimum, break and maximum electron Lorentz factors. (5), (6) Slopes of the electron spectrum around the break. (7) Magnetic field strength. (8) Electron density. (9) Radius of the emission region. (10) Doppler factor. (11) Equipartition parameter.



    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Competition among the cooling timescales for the two-zone model in Figure 11b, as a function of the electron Lorentz factor γ. The times are in the observer frame; that is, corrected by the corresponding [image: equation] with respect to the frames comoving with the two regions. Dashed (dotted) curves refer to the blob (core) region. Blue and red curves indicate the synchrotron and SSC cooling timescales, respectively, whereas the green lines represent the light-crossing times. The orange markers indicate the γb values of the EED within the two emission regions (Table 4).

      

    

  
    
      Table B.1. 

      χ2 comparison of the one-zone and two-zone SSC model solutions.

      
        

	
	χ2 (One-zone model)
	χ2 (Two-zone model)





	Swift-UVOT
	245
	176



	Swift-XRT
	163
	51



	Fermi-LAT
	0.32
	0.049



	MAGIC
	1.76
	0.359





      

      
Notes. The χ2 values are reported separately for the Swift-UVOT, Swift-XRT, Fermi-LAT and MAGIC spectral points.



    

  
    
      Table C.1. 

      Summary of MAGIC observations of B2 1811+31.

      
        

	Start time
	Stop time
	Observing time
	Zenith range
	Significance
	Flux (E>135 GeV)
	UL



	[MJD]
	[MJD]
	[h]
	[deg]
	
	[10−11 ph cm−2 s−1]
	[10−11 ph cm−2 s−1]





	59126.84
	59126.86
	0.48
	20−30
	4.7σ
	3.55 ± 1.50
	-



	59127.84
	59127.88
	0.73
	20−37
	1.2σ
	-
	3.37



	59130.93
	59130.97
	0.98
	50−64
	−0.7σ
	-
	14.1



	59131.83
	59131.95
	1.96
	20−64
	4.3σ
	3.32 ± 1.15
	-



	59132.86
	59132.91
	1.30
	30−50
	2.1σ
	-
	6.17





      

      
Notes. For each night, the observing time after quality cuts, zenith range, significance of the excess of γ-ray signal from the source and gamma-ray flux integrated above 135 GeV are reported. Upper limits (ULs) at a 95% confidence level are provided for the observations with significance of the γ-ray signal from the source below 3σ.



    

  
    
      Table C.2. 

      Summary of the curvature tests performed on the HE γ-ray spectra from Fermi-LAT data.

      
        

	Period
	Start
	Stop
	TScurv, LP
	TScurv, PLEC
	TScurv, BLP



	
	[MJD]
	[MJD]
	
	
	





	Pre-flare
	54682
	58940
	4.1
	6.6
	2.0
	
	



	Flare
	58940
	59190
	4.8
	7.7
	1.7
	
	



	Post-flare
	59190
	59945
	2.3
	2.2
	1.5
	
	





      

    

  
    
      Table C.5. 

      Results of the HE γ-ray spectral analyses of Fermi-LAT data on B2 1811+31 in periods A and B.

      
        

	Period
	Start time
	Stop time
	ΓPL
	F (E> 100 MeV) × 10−8
	TSPL



	
	[MJD]
	[MJD]
	
	[ph cm−2 s−1]





	A
	59126.39
	59128.39
	2.5±0.3
	21±7
	24
	
	



	B
	59130.39
	59133.39
	1.7±0.2
	8±4
	37
	
	





      

    

  
    
      Table C.6. 

      Results from the spectral analyses of the Swift-XRT data from the B2 1811+31 high state.

      
        

	Start time
	Exposure
	CPL/dof
	CBPL/dof
	F-statistic/p-value
	ΓPL (Γ1, BPL, Γ2, BPL)
	Ebreak
	Flux [0.3 - 10 keV]



	[MJD]
	[s]
	
	
	
	
	[keV]
	[10−12 erg cm−2 s−1]





	59125.442
	2476
	221/245
	220/243
	0.55/0.58
	2.54±0.06
	-
	21.3±0.8



	59128.283
	1303
	125/153
	124/151
	0.61/0.54
	2.50±0.11
	-
	11.0±0.6



	59132.286
	1171
	126/149
	126/147
	0.58/0.56
	2.58±0.10
	-
	11.4±0.6



	59134.853
	1489
	171/201
	171/199
	0.58/0.56
	2.56±0.08
	-
	23.5±1.1



	59136.848
	2003
	246/271
	235/269
	6.30/2.1×10−3
	2.09±0.09, 2.83±0.26
	1.9±0.4
	24.5±2.7



	59138.851
	1841
	253/271
	237/269
	9.08/1.5×10−4
	2.14±0.08, 4.72±1.13
	3.0±0.4
	18.4±3.5



	59156.828
	1948
	277/322
	276/320
	0.57/0.56
	2.22±0.04
	-
	73.0±2.1



	59157.823
	1839
	242/248
	241/246
	0.51/0.60
	2.36±0.06
	-
	26.4±1.0





      

      
Notes. Cash statistic values assuming PL and BPL models for the source intrinsic spectrum are reported, as well as the corresponding F-statistic values and p-values for the spectral curvature test. The BPL model was preferred over the single PL model if p−value <2.7×10−3, corresponding to the 3σ confidence level. For the observations with BPL model favored over the PL one, the BPL best-fit spectral indices Γ1, BPL, Γ2, BPL and energy break Ebreak are indicated rather than the PL index ΓPL. The normalization energy E0 of the PL and BPL functional forms in Equations 1 and 2 was set to E0 = 1 keV.



    

  
    
      Table C.7. 

      Intrinsic magnitudes from the spectral analyses on B2 1811+31 Swift-UVOT observations during the 2020 γ-ray outburst.

      
        

	Start time
	Exposure
	V
	B
	U
	W1
	M2
	W2



	[MJD]
	[s]
	[mag]
	[mag]
	[mag]
	[mag]
	[mag]
	[mag]





	59125.442
	2473
	-
	-
	-
	-
	-
	14.60±0.02



	59128.283
	1260
	-
	-
	14.83±0.02
	-
	-
	-



	59132.286
	1168
	-
	-
	14.69±0.02
	-
	-
	-



	59134.853
	1449
	15.34±0.05
	15.62±0.03
	14.69±0.03
	14.46±0.03
	14.29±0.03
	14.48±0.03



	59136.848
	1953
	15.34±0.04
	15.64±0.03
	14.63±0.03
	14.46±0.03
	14.33±0.03
	14.48±0.02



	59138.851
	1787
	15.44±0.04
	15.67±0.03
	14.74±0.03
	14.58±0.03
	14.43±0.03
	14.57±0.03



	59156.828
	2003
	15.54±0.06
	15.78±0.03
	14.85±0.03
	14.64±0.03
	14.50±0.03
	14.66±0.03



	59157.823
	1798
	15.56±0.06
	15.87±0.03
	14.92±0.03
	14.72±0.03
	14.66±0.03
	14.78±0.03
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