
    
      Fig. 1. 
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        Examples of polar (red line) and equatorial (green line) brightness temperature profiles derived from solar images obtained through the Grueff Radio Telescope and SRT. Top: profiles derived on September 6, 2020 from the 18.3 GHz (left) and 25.8 GHz (right) Grueff Radio Telescope images. Bottom: profiles derived on January 28, 2020 from the 18.8 GHz (left) and 24.7 GHz (right) SRT images. Typical errors in the brightness profiles are in the 5–20 K range, significantly affecting only the outwards tails. Blue dashed lines indicate the solar radius at the photosphere level R⊙,opt = 959.16 ± 0.19 arcsec (Mamajek et al. 2015; Prša et al. 2016; Haberreiter et al. 2008).

      

    

  
    
      Table 1. 

      Values of the amplitudes of the main (a0) and secondary (a2) lobes (in units of dBi) obtained with GRASP for the analysed beam patterns of Grueff and SRT radio telescopes.

      
        


	Frequency
	Telescope
	a0
	a2
	Δa
	Roff



	(GHz)
	
	(dBi)
	(dBi)
	(dBi)
	(arcmin)





	18.3
	Grueff
	73.5
	53.0
	−20.5
	3.1



	25.8
	Grueff
	76.2
	48.0
	−28.2
	2.7



	




	18.8
	SRT
	80.4
	61.4
	−19.0
	1.5



	24.7
	SRT
	82.9
	60.8
	−22.1
	1.3





      

      
Notes. Δa reports the difference between a2 and a0, and Roff indicates the offset (in units of arcmin) between the secondary and the main lobes centroids.



    

  
    
      Table 2. 

      Uniform prior distribution adopted for the Bayesian approach in the solar signal models of our analysis.

      
        


	Model
	Parameter
	Range
	Unit





	GBP
	𝒜
	0.1 ≤ 𝒜 ≤ 10
	–



	CCBH
	R
	R0 − 100 ≤ R0 ≤ R0 + 100
	arcsec



	CCBH
	l
	0.5 ≤ l0 ≤ 10000
	K





      

      
Notes. CCBH indicates the solar signal model, and GPB indicates the model of the generic beam pattern; these models are described in Sect 3.1.



    

  
    
      Fig. 2. 
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        Example of modelled equatorial TB profiles of a solar map obtained adopting the ECB-model as the solar signal for SRT at 24.7 GHz (October 9, 2019), in comparison with the observed brightness profile. These plots differ in the TBy-axis scale (linear on top, logarithmic on bottom). Blue dotted line indicates the observed equatorial TB profile of a solar map at this observing frequency with SRT, green solid line indicates the equatorial TB profile obtained convolving the solar signal model with the GRASP original beam pattern, and red solid line indicates the modelled equatorial TB profile obtained with a generic beam pattern with the secondary lobe characterised by A2 = 1.2 × a2 (where a2 is the reference value obtained by GRASP).

      

    

  
    
      Fig. 3. 
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        Example of modelled equatorial TB profile of a solar map obtained adopting the CCBH-model as the solar signal.

      

    

  
    
      Table 3. 

      Values of the modelled secondary lobe A2 of the hypothetical beam patterns needed to fit the observed tails in the range 18–26 GHz with Grueff and SRT radio telescopes, in the assumption of ECB/CCBH solar models.

      
        


	Frequency
	Instrument
	Model
	Rc
	Req
	Rpol
	A2
	ΔA



	(GHz)
	
	
	(arcsec)
	(arcsec)
	(arcsec)
	(dBi)
	(dBi)





	18.3
	Grueff
	ECB
	–
	
[image: equation]
	
[image: equation]
	
[image: equation]
	5.8



	18.3
	Grueff
	CCBH
	
[image: equation]
	–
	–
	
[image: equation]
	7.6



	




	18.8
	SRT
	ECB
	–
	
[image: equation]
	
[image: equation]
	
[image: equation]
	4.1



	18.8
	SRT
	CCBH
	
[image: equation]
	–
	–
	
[image: equation]
	5.1



	




	24.7
	SRT
	ECB
	–
	
[image: equation]
	
[image: equation]
	
[image: equation]
	6.2



	24.7
	SRT
	CCBH
	
[image: equation]
	–
	–
	
[image: equation]
	6.6



	




	25.8
	Grueff
	ECB
	–
	
[image: equation]
	
[image: equation]
	
[image: equation]
	12.2



	25.8
	Grueff
	CCBH
	
[image: equation]
	–
	–
	
[image: equation]
	14.2





      

      
Notes. We report also the difference between the modelled and the real values ΔA = A2 − a2, and the values of the mean, equatorial, and polar radii of the Sun (Rc, Req, and Rpol).



    

  
    
      Fig. 4. 
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        Brightness temperature spectrum TB(ν) for the solar disk centre obtained from the data of the INAF radio telescopes (averaged values TB, av from Medicina, Table 5), and of previous works: Zirin et al. (1991), Subramanian (2004), Ramesh et al. (2006), Mercier & Chambe (2015), Melnik et al. (2018), Kallunki & Tornikoski (2018), Sharma & Oberoi (2020), Zhang et al. (2022). The black continuous line represents the modelled brightness temperature of bremsstrahlung emission obtained by the SSC model (Selhorst et al. 2005, 2019; Zhang et al. 2022); the black dashed line represents the fitted flux accounting for propagation effects; the dark grey shaded area shows the errors in the fit parameters. Green points indicate the measurements obtained from the averaged solar maps of the Grueff Radio Telescope (TB, av in Table 5), according to the analysis of Pellizzoni et al. (2022) (P+22) and Mulas et al. (2022) (M+22). This figure is an updated version of the figure reported by Zhang et al. (2022).

      

    

  
    
      Table 4. 

      Best-fit parameters obtained by the modelling of the power-law term that describes the attenuation of TB due to propagation effects.

      
        


	Data
	Model
	α
	β
	[image: equation]





	LOFAR
	eSSC
	(2.92 ± 0.16)×102
	−(0.35 ± 0.02)
	0.4



	LOFAR/SunDish
	eSSC
	(3.87 ± 0.20)×102
	−(0.37 ± 0.02)
	0.6



	All
	eSSC
	(4.19 ± 0.19)×102
	−(0.37 ± 0.02)
	1.1





      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Averaged and modelled TB profiles obtained at the observing frequencies of 18.3 (left) and 25.8 GHz (right) with the Grueff Radio Telescope. These plots differ in the TBy-axis scale (linear on top, logarithmic on bottom). Red solid line indicates the modelled TB profile, obtained from the convolution between the eSSC model (Eq. (4)) and the beam pattern of the receiver for each observing frequency. Green dot-dashed and blue dotted lines indicate the equatorial and polar profiles of the averaged solar map, respectively.

      

    

  
    
      Table 5. 

      Measured TB at the central position of the Sun – obtained at 18.3 and 25.8 GHz with the Grueff Radio Telescope.

      
        


	Frequency
	TB, qS
	TB, av
	TB, eSSC



	(GHz)
	(K)
	(K)
	(K)





	18.3
	10 130 ± 253
	10 159 ± 254
	9957 ± 100



	25.8
	9755 ± 244
	9848 ± 246
	9270 ± 93





      

      
Notes. TB was obtained from (1) the modelled quiet-Sun level (TB, qS) according to the Cas A calibrator source (Mulas et al. 2022; Pellizzoni et al. 2022), (2) the averaged solar maps (TB, av), and (3) the modelled value of the eSSC model, convolved with the beam pattern of the instrument (TB, eSSC).



    

  
    
      Fig. 6. 

      
        [image: thumbnail]
      

      
        Distribution of T (left) and ΔT (right) as a function of the altitude from the solar surface, defined as the photosphere level R⊙,opt. The respective shaded area indicates the 1σ error of these distributions. The black line indicates the theoretical T distribution of the original eSSC model. The blue vertical line indicates the altitude, hSSC, below which the SSC model is defined. The y-axis of these plots is shown in logarithmic scale. The best-fit T distribution is compatible (within an uncertainty ≲25%) with the original eSSC model below ∼100 Mm. Above this altitude, this distribution is characterised by strong degeneracy.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Distribution of N (electrons Ne and protons Np, left) and ΔN (right) as a function of the altitude from the solar surface, defined as the photosphere level R⊙,opt. The respective shaded area indicates the 1σ error of these distributions. The black line indicates the theoretical N distributions of the original eSSC model. The blue vertical line indicates the altitude, hSSC, below which the SSC model is defined. The y-axis of these plots is shown in logarithmic scale. The best-fit n distributions are compatible (within an uncertainty ≲25%) with the original eSSC model below ∼100 Mm; above this altitude, these distributions are characterised by high uncertainty (up to 70%).

      

    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
        Distribution of N (left) and ΔN (right) as a function of the altitude from the solar surface. Green and red lines indicate the measured Ne obtained through observations with Grueff at 18.3 GHz (green) and 25.8 GHz (red) during a period of minimum solar activity (2018–2020), respectively (see the legend of the right panel in Fig. 7). The shaded area indicates the 1σ error of the distributions. Blue lines indicate the measured Ne obtained through observations with Metis (dashed line: equatorial component; dotted line: polar component) during the ascending phase of the solar cycle (March 2022). The black line indicates the theoretical Ne associated with the original eSSC model. The y-axis of these plots is shown in logarithmic scale. In the right panel, the difference between ΔNe referred to Metis data is reported in terms of absolute value.
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