
    
      Table 1 

      Input parameters to compute the synthetic observables presented in Sect. 3.

      
        


	Star
	





	P⋆ (d)
	4



	ci
	0.6 (∀ T and λ)



	R⋆ (R⊙)
	1.3



	Tphot (K)
	5000



	Tspot (K)
	4000



	Tfac (K)
	5500



	log g⋆ (cm s–2)
	4.5



	[Fe/H] (dex)
	0



	[α/Fe]
	0



	i⋆ (°)
	90



	




	Inhomogeneities
	



	




	θ (°)
	23.37, −29.05, −45.47, −6.02, 17.55, −1.47, −4.92, −32.30, 30.33, 3.23



	ϕ (°)
	–103.96, −115.83, 43.63, 46.26, −101.11



	
	0.86, 144.73, 79.64, −20.56, 34.96



	Rspot (R⋆)
	0.11, 0.28, 0.38, 0.33, 0.23



	
	0.20, 0.20, 0.30, 0.36, 0.28



	ΔRfaculae (R⋆)
	0.04, 0.09, 0.13, 0.11, 0.08



	
	0.07, 0.07, 0.10, 0.12, 0.10





      

      
Notes. The list of parameters includes the ten spots and corresponding faculae. In the case of faculae, the radial increment (ΔR) with respect to the spot radius has been presented.




    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Photometric time series computed by the model. Left panel: photometric time series obtained with parameters listed in Table 1 and considering black-body emission, in the case considering both spots and faculae (orange) or only spots (green) and in the case of an immaculate photosphere (dashed blue). Right panel: projected filling factors as function of time for the two activity scenarios considered, and colour-coded as in the left panel.

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Photometric planetary transit computed by the model. Left: transit of HD 209458 b in case of (dashed blue) quiet photosphere, (green) spot-only activity, and (orange) spot+faculae scenario. Fluxes are normalised by their out-of-transit fluxes. Middle and right: snapshots of stellar configuration at two times marked by the blue arrows in the left panel. The transit cord is marked by a dashed black line, while the planet position is marked by a transparent and white circle, with the planet extent correctly scaled to the stellar radius. Stellar flux is coloured-coded as in Fig. 1.

      

    

  
    
      Table 2 

      Input parameters to compute the synthetic photometric light curve for the facula-dominated Sun in the SOAP code.

      
        


	Star
	





	P⋆ (d)
	25.05



	c0
	0.6



	c1
	0



	R⋆ (R⊙)
	1



	Tphot (K)
	5778



	




	Faculae
	



	




	T(μ) (K)
	Tphot + 250.9–407.7μ+190.9μ2



	θ (°)
	30, 60, 40, 10



	ϕ (°)
	180, 90, 40, 15



	R (R⋆)
	0.15, 0.2, 0.1, 0.18





      

      
Notes. μ is the cosine of the heliocentric angle (see Sect. 2). All other parameters not listed have been left at their default values. Three cases of stellar inclination have been considered: i⋆=0°, 45°, and 90°.




    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Top panel: comparison of SOAP forward model with respect ours, with, respectively, coloured lines marking the SOAP solutions and circles marking ours; parameters listed in Table 2 are used. The equatorial-on solution is presented in blue, an intermediate inclination of 45° is in orange, while the polar-on solution is presented in green. Fluxes have been normalised to the photospheric and unperturbed flux. An insert in the panel shows a comparison of the two models using different numbers of grid points to build the stellar surface. The insert follows the same notation of the main panel, but two profiles are added to mark the solution obtained using 5002 grid points in the case of the SOAP code (dashed line) and ours (x marker). Bottom panel: residuals of two models evaluated as (FSOAP − FPAStar)/FSOAP · 100, considering the lowest grid resolution.

      

    

  
    
      Table 4 

      Prior list of the model parameters.

      
        


	Parameter
	Prior





	σj (ppm)
	LU(10–2, 103)



	θ (°)
	U(0, 90)



	ϕ (°)
	U(–180, 180)



	R (R⋆)
	U(0, 0.3)





      

    

  
    
      Table 5 

      Bayesian log evidence (log Z) and errors as a function of the number of spots.

      
        


	Spots
	Log Z





	1
	–613.5 ± 0.1



	2
	–587.2 ± 0.1



	3
	–605.6 ± 0.1





      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Comparison between best-fit (MAP) model of two-spot configuration versus Sun data. Left panels: synthetic photometric light curve is presented as blue line; binned solar data are shown via orange line with errors. A black cross marks the time at which the model (middle) and actual Sun (right) spot configurations have been shown. Times are shifted with respect to the first of the series. The spot position is reflected with respect to the equator for visualisation purposes, and stellar flux is coloured-coded as in Fig. 1.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Posterior distribution of two-spot model. MAP solution is marked as a green line, while the median is marked as a red line. Dashed black lines in diagonal histograms mark, respectively, the 16th and 84th quantiles.

      

    

  
    
      Fig. 10 
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        Same as Fig. 8, but for low-S/N case.

      

    

  
    
      Fig. 11 
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        Same as top panel of Fig. 9, but considering a lower S/N; i.e. 100 times the data errors.

      

    

  
    
      Table 6 

      Bayesian evidence in the facula-dominated scenarios.

      
        


	
	Scenario 1
	Scenario 2



	
	

	




	Spots
	σ10%
	σ40%
	σ10%
	σ40%





	1
	701.0 ± 0.2
	680.8 ± 0.2
	699.6 ± 0.2
	678.7 ± 0.2



	2
	720.0 ± 0.2
	681.9 ± 0.2
	715.7 ± 0.2
	676.9 ± 0.2



	3
	785.0 ± 0.3
	–
	744.5 ± 0.3
	–



	4
	797.2 ± 0.2
	–
	790.5 ± 0.2
	–



	5
	799.0 ± 0.2
	–
	774.3 ± 0.3
	–





      

      
Notes. Bayesian log evidences (log Z) and errors, as a function of the number of inhomogeneities added in the retrieval, in the two tested scenarios, and in two S/N cases.




    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Comparison between best-fit (MAP) model of the four-facula configuration versus input SOAP configuration. Left panels: best-fit photometric light curve presented as blue line; SOAP synthetic light curve shown as orange line with its errors, obtained by adding in quadrature data errors and jitter. A black cross marks the time at which the model (middle) and input SOAP (right) facula configurations are shown. Stellar flux is colour-coded as in Fig. 1, with the exception of the facula flux that has been modified to 103 in order to enhance the visibility.

      

    

  
    
      Fig. 13 
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        Same as Fig. 12, but in the case of Scenario 2.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Same as Fig. 8, but in the case of the facula-dominated Sun of the validation process presented in Fig. 12.

      

    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
        Same as Fig. 12, but considering i⋆ = 60°. A white cross marks the pole of the star.

      

    

  
    
      Fig. 16 

      
        [image: thumbnail]
      

      
        Same as Fig. 14, but considering i⋆ = 60°. Although multiple modes were present in the posterior distributions, only the one containing the MAP is shown and used to evaluate uncertainties.
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