
    
      Fig. 3 
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        Total nucleation rate J* = ∑ Ji (cm−3 s−1) for the 1D (Tgas, pgas)-profiles (Fig. 2) for the hot giant gas planets WASP-43b, and the ultra-hot Jupiters WASP-18b, HAT-P-7b, WASP-103b, and WASP-121bs. The colour code is similar to Fig. 2. The lower right panel shows the day (solid lines) and nightside (dashed lines) averaged seed formation rates, excluding the terminator profiles. All depicted planets show seed formation on the nightside. Only WASP-43b enables the nucleation process on the dayside efficiently.

      

    

  
    
      Fig. 5 
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        Range of column-integrated nucleation rates from Fig. 4 shown for Teq (K) (left) and g [gJup ] (right) for the giant gas planet WASP-43b, and the ultra-hot Jupiters HAT-P-7b, WASP-18b, and WASP-103b, WASP-121b. The WASP-18b Teq is offset by +200 K to avoid overlap. No one value suffices to describe the rate at which cloud particles form.

      

    

  
    
      Fig. 7 
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        Integrated, number density weighted surface averaged mean particle size,
[image: equation]
∫[image: equation]
∫[image: equation], for the giant gas planet WASP-43b and the ultra-hot Jupiters WASP-18b, HAT-P-7b, WASP-103b, and WASP-121b.

      

    

  
    
      Fig. 10 
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        Volume fractions Vs∕Vtot of the material groups as defined in Table 2 (blue: high temperature condensates, red: metal oxides, orange: silicates, grey: carbon, olive: salts). Sub-stellar point: (ϕ, θ) = (0.0°, 0.0°), anti-stellar point: (ϕ, θ) = (−180.0°, 0.0°), equatorial morning terminator: (ϕ, θ) = (−90.0°, 0.0°), equatorial evening terminator: (ϕ, θ) = (90.0°, 0.0°). There are no salt condensate species included for WASP-18b and HAT-P-7b due to their very low abundance. Empty panels represent profiles without cloud formation.

      

    

  
    
      Fig. 11 
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        Normalised column integrated volume fractions [image: equation]∫[image: equation]
∑i
∫[image: equation], where s
is the given material group and i
runs over all the material groups as defined in Table 2 (blue: high temperature condensates, red: metal oxides, orange: silicates, grey: carbon, olive: salts). Sub-stellar point:
(ϕ, θ) = (0.0°, 0.0°), anti-stellar point: (ϕ, θ) = (−180.0°, 0.0°), equatorial morning terminator: (ϕ, θ) = (−90.0°, 0.0°), equatorial evening terminator: (ϕ, θ) = (90.0°, 0.0°). The relativeabundance of the metal oxides, silicates and high temperature condensates is comparable for the substellar point of the ultra-hot Jupiters WASP-103b, HAT-P-7b and WASP-121b.

      

    

  
    
      Fig. 12 
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        Carbon-to-oxygen ratio (C/O, top), atmospheric mean molecular weight, μ (middle), the degree of thermal ionisation, [image: equation]
(bottom) for the hot giant gas planet WASP-43b, and the ultra-hot Jupiters WASP-18b, HAT-P-7b, WASP-103b, and WASP-121b. The solar value C/O = 0.54 is plotted in dashed purple (top). The dash-dot purple line shows fe = 1 × 10−7 as a threshold for plasma behaviour (bottom). All ultra-hot Jupiters have dayside thermal ionisation fe > 10−4 suggesting an extended dayside ionosphere. The detailed results for the individual planets are provided in Figs. A.1–A.8.

      

    

  
    
      Fig. 13 
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        Effect of the inner boundary of the 3D GCM models on the (Tgas, pgas)-profiles and the localcloud properties J*,
[image: equation], and ρd ∕ρ
for the giant gas planet example WASP-43b. Left: based on the 1D thermodynamic profiles from Parmentier et al.
Right: based on the 1D thermodynamic profiles from Carone et al.

      

    

  
    
      Fig. 14 
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        Effect of the inner boundary of the 3D GCM models on the grouped Vs ∕Vtot, the local C/O, and the degree of ionisation for the giant gas planet example WASP-43b. Left: Parmentier et al. Right: Carone et al. The differences in the cloud particles material fractions result from the different local temperatures of the two GCM models, with the Carone model nightside being cooler than the Parmentier model nightside.

      

    

  
    
      Fig. 15 
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        Sub-stellar (Tgas, pgas)-profiles from the Carone (blue, extended inner boundary) and the Parmentier (red, standard inner boundary) GCM runs for WASP-43b. The comparison to the thermal stability curves (supersaturation ratio S = 1 for solar element abundances) of selected solid materials shows that the local temperature differences at pgas ≈ 1 bar support our finding for the cloud particle material composition differences between the two models (Fig. 14). We note that the S = 1 curves do not represent our full kinetic model approach and are provided here for the purpose of visualisation.

      

    

  
    
      Fig. 16 
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        Wavelength-dependent pressure level where the giant gas planets WASP-43, WASP-103b, WASP-121b, HAT-P-7b, and WASP-18b become optically thick due to cloud particles of different sizes and mixed materials forming inside these atmospheres, that is where pgas = p(τs(λ) = 1), in slant geometry. All results are based on the Parmentier GCM (Tgas, pgas)-structures, except for WASP-43b where we include both models (Parmentier GCM in green and Carone GCM in grey). When clouds remains optically thin such that τs (λ) < 1, the pressure for the bottom of the atmosphere (p ≈ 102.2 bar in the Parmentier GCMs) is returned (hence the lines for the sub-stellar points where there is no cloud are outside the plotted range).

      

    

  
    
      Fig. A.3 
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        Individual bulk material volume fractions WASP-103b. Anti-stellar point: (ϕ, θ) = (−180.0°, 0.0°) and equatorial morning terminator: (ϕ, θ) = (−90.0°, 0.0°).

      

    

  
    
      Fig. A.6 
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        Carbon-to-oxygen ratio (C/O) for the giant gas planet WASP-43b, and the ultra-hot Jupiters WASP-18b, HAT-P-7b, WASP-103b, and WASP-121b. The solar value C/O = 0.54 is plotted in dashed purple.

      

    

  
    
      Fig. A.7 
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        Atmospheric mean molecular weight, μ, for the giant gas planet WASP-43b, and the ultra-hot Jupiters WASP-18b, HAT-P-7b, WASP-103b, and WASP-121b. The ultra-hot Jupiters show significant differences in μ between thedayside and nightside of the planets, whereas WASP-43b shows an approximately constant value around μ ≈ 2.3.

      

    

  
    
      Fig. A.8 
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        Degree of thermal ionisation, [image: equation]. The dash-dot purple line shows fe = 1 × 10−7 as a threshold for plasma behaviour. All ultra-hot Jupiters have dayside thermal ionisation fe > 10−4 suggesting an extended dayside ionosphere. Most of the cloud-forming nightsides are little affected by thermal ionisation.

      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Hydrostatic pressure scale height (Hp = (kT)(μmHg)) for the giant gas WASP-43b, and the ultra-hot Jupiters HAT-P-7b, WASP-18b, and WASP-103b, WASP-121b. The changing pressure scale height is caused by the temperature-dependent mean molecular weight, μ(T), that changes from the day- to the nightside due to the large differences in gas temperatures (see Fig. A.7).

      

    

  
    
      Fig. B.4 
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        Individual bulk material volume fractions WASP-43b (based on the 1D thermodynamic profiles from Carone et al.). Sub-stellar point: (ϕ, θ) = (0.0°, 0.0°), anti-stellar point: (ϕ, θ) = (−180.0°, 0.0°), equatorial morning terminator: (ϕ, θ) = (−90.0°, 0.0°), equatorial evening terminator: (ϕ, θ) = (90.0°, 0.0°).)
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