
    
      Fig. 3 
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        Preliminary control of model background properties: aerosol optical cross-sections and atmosphere temperature profiles Left: extinction (upper curves) and scattering (lower curves) cross-sections for an aggregate of 3000 monomers of radius 50 nm with a fractal dimension Df = 2, computed with the mean field approximation model (Botet et al. 1997; Rannou et al. 1997) and with the model used by Tomasko et al. (2008). Right: temperature profile as a function of pressure observed with HASI (Fulchignoni et al. 2005) and profiles based on HASI with a temperature shift ±∆T (red dots). We also plotted the temperature profiles after CIRS observations (Vinatier et al. 2015; Mathé et al. 2020) that best correspond to the dates and the latitudes of the occul-tations treated in this work (Table 1). The thick black dashed line shows the temperature profile retrieved by Schinder et al. (2020) with radio-occultation measurements during the flyby T52E (4 April 2009 at lat = 12°S).

      

    

  
    
      Fig. 5 
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        Altitude where transmitted flux is attenuated by 1 and 50% as a function of the distance D of Cassini to Titan. The distance for each observation is reported in Table 1. The shapes (triangles and dots) correspond to the evaluation made by Bellucci et al. (2009). The blue and red lines show our calculations using the pressure and temperature profiles retrieved by CIRS (flyby T51, 27 March 2009 at 1° S) and by HASI onboard Huygens Fulchignoni et al. (2005), respectively (figure based on Bellucci et al. 2009).

      

    

  
    
      Fig. 7 
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        Best agreements obtained between data (scaled opacities between 200 and 300 km) and model for each observation. Good fits (blue line) can be obtained for any fractal dimension between 1.8 and 2.5, albeit with different values of N and κ. All these fits are superimposed (only cases between Df = 2 and 2.5 are reported here). The green line shows the opacity slope for aggregates with N = 3000 and Df = 2.0, as in Tomasko et al. (2008). This plot and Fig. 6 show that this structure of aggregates can be discarded.

      

    

  
    
      Fig. 10 
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        Difference in spectral slope of haze extinction, ∆α = α − α0, where α = d ln(kext)/d ln(λ)) and the reference slope is α0 = −2.18, as a function of altitude retrieved with the four observations.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Methane mixing ratio retrieved with the four observation sets, with data between 0.88 and 2 µm (top) and between 2 and 2.8 µm (bottom). We also plot the methane mole fraction retrieved with the GCMS onboard Huygens (Niemann et al. 2010) and with DISR (Bézard 2014) and CIRS (Lellouch et al. 2014). The green dashed profile in the upper left graph shows the evaluation made by Rannou et al. (2021).

      

    

  
    
      Fig. 12 
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        Comparison between observed transmissions (red dots) and the model (blue dots) in the spectral range used to retrieve methane mixing ratio. The spectra between 1.6 and 1.7 µm were not used in this study due to unreliable spectels (RC19). The green dashed lines for the transmission of T10E show the spurious point that was modified.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Deuterated methane mixing ratio retrieved with the four observation sets from spectra between 2.78 and 2.90 µm and 4.23 and 4.50 µm. The haze extinction is fixed thanks to the spectra in methane windows between 0.88 and 2.03 µm and adjusted between 4.23 and 4.50 µm.

      

    

  
    
      Fig. 14 
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        Comparison between observed transmissions (red dots) and the model (blue dots) in the spectral range used to retrieve the deuterated methane mixing ratio for the first spectral feature at 2.85 µm. The haze extinction is set with spectra between 0.88 and 2 µm (Figs. 7 and 12).

      

    

  
    
      Fig. 15 
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        Comparison between observed transmissions (red dots) and the model (blue dots) in the spectral range used to retrieve the deuterated methane mixing ratio for the second spectral feature, between 4.25 and 4.45 µm. The haze extinction is set with spectra between 0.88 and 2 µm and adjusted with a factor that accounts for the ratio between the haze opacity of 4.4 µm and 2.8 µm (Figs. 7 and 12).

      

    

  
    
      Fig. 16 
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        Vertical profiles of CO mixing ratio retrieved with the four observation sets and using data between 4.55 and 5.2 µm. The haze extinction is fixed by fitting the data with the spectral range between 4.85 and 5.0 µm (Fig. 17).
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