
    
      Fig. 3 
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        Temperature-pressure profiles of the upper atmosphere computed with the Cloudy code accounting for NLTE (black; sameas in Fig. 1) and assuming LTE (red). The PHOENIX (blue dashed line) and HELIOS (green dashed line)TP profiles are also shown for reference.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Cooling contribution (in %) of the three most important cooling processes or species at each atmospheric layer as a function of pressure obtained from the Cloudy NLTE (top) and LTE (bottom) runs. The label “FF” indicates free-free cooling from H and He. The cooling fraction of any given species is artificially set equal to zero in the atmospheric regions where the species producing the cooling is not one of the three most important. Magnesium is the species most contributingto the cooling of the upper atmosphere.

      

    

  
    
      Fig. 7 
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        Comparison between the NLTE Cloudy TP profiles obtained considering all elements up to Zn (black solid line) and excluding Fe (red solid line) or Mg (blue solid line). The orange dashed line shows the HELIOS (i.e. LTE) TP profile for reference.

      

    

  
    
      Fig. 10 
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        Transmission spectra of the Hα (right) and Hβ (left) lines presented by Yan & Henning (2018, green), Cauley et al. (2019, black), Turner et al. (2020, blue), and Wyttenbach et al. (2020, orange). Wavelengths are in vacuum to match those of the synthetic transmission spectrum. The data have been rebinned by a factor of six for visualisation purposes, and have been aligned to the same wavelength employing Gaussian fits (see Fossati et al. 2020). The red solid and dashed lines show the synthetic NLTE and LTE transmissionspectra, respectively. The vertical black dashed lines enclose the wavelength ranges considered to compute the χ2 and [image: equation] values. The horizontal dotted line at 1.0 sets the continuum level to guide the eye.

      

    

  
    
      Fig. 11 
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        Ultraviolet synthetic transmission spectra. Top: NLTE transmission spectrum in the far-ultraviolet wavelength region (grey) convolved to the spectral resolution of the HST SITS E140M grating (red). Bottom: NLTE transmission spectrum inthe far-ultraviolet wavelength region (grey) convolved to the spectral resolution of the HST SITS E230M grating (red) and to that of the spectrograph on board the CUTE SmallSat mission (blue). The considered CUTE spectral resolution accounts for spacecraft jitter.

      

    

  
    
      Fig. A.1 
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        Cloudy TP profiles computed considering different reference radii. The adopted TP profile is shown in black. For visualisation purposes, the TP profiles are rigidly shifted horizontally by the value indicated in the legend.

      

    

  
    
      Fig. B.1 
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        Cloudy TP profiles computed considering different numbers of atmospheric layers. The finally adopted TP profile is shown in red. For visualisation purposes, the TP profiles are rigidly shifted horizontally by the value indicated in the legend.

      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Departure coefficients as a function of atmospheric pressure for the first 80 energy levels of FeI. The energy levels are numbered from 1 to 80, and are separated into groups of ten levels and two line styles (solid and dashed) for each panel. Within each group of ten energy levels, the order of the line colors corresponding to increasing energy is black, red, blue, dark green, magenta, yellow, brown, grey, bright green, and orange. Therefore, the black solid line shows b for the ground state (i.e. n = 1 level), the red solid line shows b for n = 2 level, the blue solid line shows b for the n = 3 level, and the black dashed line shows b for the n = 11 level, and so on. The dotted line (at 1.0) indicating nNLTE = nLTE is for reference. The departure coefficients appear to be diverging from 1.0 with increasing pressure to reach 1.0 in the lower atmosphere, the latest around the 0.2 bar level, at which point all departure coefficients are equal to one.

      

    

  
    
      Fig. C.2 

      
        [image: thumbnail]
      

      
        Same as Fig. C.1, but for FeII.

      

    

  
    
      Fig. C.3 
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        Same as Fig. C.1, but for FeIII.

      

    

  
    
      Fig. D.2 
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        Same as Fig. 8, but for the 2300–3050 Å (top) and 3000–4050 Å (bottom) wavelength ranges.

      

    

  
    
      Fig. F.1 
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        Simulated STIS ultraviolet transmission spectra. Top: simulated transmission spectrum (red line) obtained following two far-ultraviolet HST STIS transit observations collected employing the E140M grating. The transmission spectrum accounts for instrument spectral resolution and wavelength sampling, obtained by binning together ten pixels. The black line shows the transmission spectrum without noise and binning, but accounting for instrument spectral resolution and wavelength sampling. Bottom: same as top, but following two transit observations employing the E230M grating. The black line is underneath the red one for better visibility.

      

    

  
    
      Fig. F.2 
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        Simulated transmission spectrum (red line) obtained following ten CUTE transit observations. The transmission spectrum accounts for instrument spectral resolution and wavelength sampling, and it has been obtained binning together two pixels. The black line shows the transmission spectrum without noise and binning, but accounting for instrument spectral resolution and wavelength sampling.
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