
    
      Fig. 3 
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        Uranus: imaginary refractive indices for Uranus. The blue line corresponds to the vertically extended photochemical haze and the green line to the concentrated haze located near the CH4 condensation level from Irwin et al. (2022). Three different ad hoc values (1 × 10−1, 1 × 10−2, 1 × 10−3) in the thermal infrared (>2 µm) are added (red lines). For reference, refractive indices of tholins (Khare et al. 1984), ice tholins (Khare et al. 1993) and black carbon (Jäger et al. 1998) are also shown in solid, dotted-dashed and double dotted-dashed black lines respectively.

      

    

  
    
      Fig. 5 
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        Simulated temperature profiles of Uranus (left) and Neptune (right) with the Irwin et al. (2022) haze scenario for three different values of the absorption coefficient in the thermal infrared. The dashed orange line is the case with an imaginary index of 10−1 in the thermal infrared, the dotted green line is the 10−2 case, and the dotted-dashed red line is the 10−3 case. For ni lower than 10−3 in the thermal infrared, we obtain the same temperature profile as the case at 10−3. In comparison, the temperature reached without aerosols was added as a blue line and the different observations are shown in black as described in Fig. 1.

      

    

  
    
      Fig. 7 
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        Methane volume mixing ratio in the atmosphere of Uranus estimated by different observations and models. The dotted line represents the liquid saturated CH4 vmr calculated from Lindal et al. (1987) temperature profile and the dashed line is the ice saturated CH4 vmr. The nominal CH4 vmr profile used in our model is Lellouch et al. (2015) below the 100 Pa level and Moses et al. (2018) above the 100 Pa level.

      

    

  
    
      Fig. 10 
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        Simulated temperature profiles with different abundance of methane on Uranus with the Irwin et al. (2022) haze scenario. Left: CH4 vmr profile on Uranus (blue line and short dashed orange line) or with that abundance multiplied by a factor of two (dotted green line), four (dotted-dashed red line), ten (long dashed violet line). Right: the corresponding simulated temperature profiles. The solid blue line corresponds to the clear-sky model (see Sect. 3) with a nominal CH4 vmr profile. The black symbols are the observed temperatures described in Fig. 1.

      

    

  
    
      Fig. 11 
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        Simulated temperature profiles with different methane abundances on Neptune. Left: CH4 vmr profile on Neptune with the nominal CH4 vmr profile (solid blue line, see Sect. 3), or with that abundance multiplied by two (short dashed orange curve), four (dotted green curve), six (dotted-dashed red curve), eight (long dashed violet curve), and ten (double dotted-dashed maroon curve) above the methane condensation level. Right: the corresponding simulated temperature profiles. The black symbols correspond to the observed temperatures described in Fig. 1.

      

    

  
    
      Fig. 12 
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        Scenario with no hazes including heat conduction. Left: simulated temperature profiles on Uranus for the UC1 (dashed orange curve), UC2 (dotted green curve) and UC3 (dotted-dashed red curve) thermo-spheric conduction scenarios. Right: simulated temperature profiles on Neptune for NC1 (dashed orange curve) and NC2 (dotted green curve) thermospheric conduction scenario. The solid blue line is the clear-sky model (Sect. 3). The black symbols are the observed temperatures described in Fig. 1.

      

    

  
    
      Fig. 13 
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        Scenario with hazes including heat conduction. Left: simulated temperature profiles on Uranus with the Irwin et al. (2022) haze scenario but no conduction (long-dashed orange line) and with haze and thermospheric conduction with the UC2 flux scenario (dashed green line). Right: same for Neptune (but with the NC1 flux scenario for the dashed green line). The solid blue line is the clear-sky case (Sect. 3) and the black symbols are the observed temperatures described in Fig. 1.

      

    

  
    
      Fig. 14 
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        Uranus: Vertical cross sections of temperature at spring equinox (Ls=0°) (a) and northern summer solstice (Ls=90°) (b). The temperature observed at autumn equinox and winter solstice is almost similar (because of its slightly non circular orbit) as spring equinox and summer solstice but the maximum and minimum temperature is reversed in latitude (Fig. 15).

      

    

  
    
      Fig. 15 
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        Evolution of the simulated temperature at 10 Pa on Uranus during one Uranian year.

      

    

  
    
      Fig. 16 
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        Neptune: Vertical cross sections of temperature at spring equinox Ls=0° (a), northern summer solstice Ls=90° (b), and during the northern maximum stratospheric temperature contrast at Ls=140° (c). The temperature observed at autumn equinox, winter solstice and the maximum seasonal contrast in the other hemisphere is almost the same but the maximum and minimum temperature is reversed in latitude.

      

    

  
    
      Fig. 20 
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        Comparison of the simulated disk-averaged temperature at 10 Pa on Neptune computed given the subsolar latitude observed from Earth (blue line) and the disk-averaged temperatures retrieved by Bézard et al. (1999) at ~5 Pa (brown triangle), Marten et al. (2005) at ~10 Pa (violet cross), Hammel et al. (2006) between ~10 and 1 Pa (red diamond), and Roman et al. (2022) at ~10 Pa (green square and orange circle). Due to the global offset in temperature between our simulations and the observations (Fig. 13), we have added +35K to our model results to help compare the trends in the datasets.
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