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Photochemical hazes are expected to be present in exoplanet atmospheres with quantities spanning
a large range of values, from quasi-non-detectable traces in clear atmospheres, to large amounts
dramatically modifying their environment. Our purpose is to determine the properties of these haze
particles in hot- Jupiters’ atmosphere.
We first calculate thermochemical abundances (Gordon & McBride, 1994) and haze distributions
from a microphysics model (Lavvas & Koskinen, 2017), using clear-atmosphere temperature profiles
(Sing et al., 2016). This allows to derive the theoretical spectrum that can be be confronted to the
observations to determine the best couple of parameters defining the haze production. These bestfitting parameters are then used in a disequilibrium chemistry (Lavvas et al., 2014) and
microphysics model, providing a more detailed picture of the atmosphere. The calculated chemical
and haze distributions allow for the evaluation of a new temperature profile (Lavvas & Arfaux, 2021)
for each planet which can be used in the disequilibrium chemistry model. This process is repeated
until the model is converged providing a self-consistent picture of the atmosphere.
Disequilibrium chemistry accounts for transport of species through the atmosphere as well as their
interactions with the radiation field. The implications of these effects are revealed by comparing the
thermochemical equilibrium abundances with those derived by the disequilibrium model. Chemical
distributions basically show larger mixing ratios between 1e-2 and 1e-6 bar compared to
thermochemical equilibrium and lower mixing ratios above 1e-6 bar altitude related to the
destruction of molecules through photolysis (Fig. 1). These modifications of the chemical
composition do not have significant impact on the calculated transit spectra (Fig. 2) considering the
resolution and precision of the observations and the still small abundances of the modified
species. Water, that has a major signature on the transit spectra is modified above 1e-6bar, in a
region that is not affecting by the observations. However, the disequilibrium chemistry allows for the
calculation of the mass flux from the photolysis of species considered as haze precursors, thus
providing additional constraints to assess the realisticity of the haze production parameters retrieved
from thermochemical equilibrium.

Fig.1: Haze precursors mixing ratio comparison between thermochemical and disequilibrium
abundances.

Figure 2: Transit spectra obtained from thermochemical equilibrium (blue line) and disequilibrium
chemistry (orange line) compared to observations (black crosses) from Sing et al. (2016); Wong et
al. (2020); Carter et al. (2020)

Disequilibrium composition gases and haze opacities have major impact on the temperature profile
(Lavvas & Arfaux, 2021) which, in turn, has a large influence on the chemical composition and haze
growth. These feedback effects are investigated through a self-consistent model coupling
temperature, haze and chemical profiles calculation. Results show a clear trend for the increase of
temperature under the influence of haze heating (Fig. 3), which has further ramifications on
chemistry and haze profiles.

Figure 3: Self-consistently derived temperature profiles (dotted lines) and initial haze-free
temperature profiles (solid line) from Sing et al. (2016) for HD- 189733b (left panel) and WASP-6b
(right panel). The horizontal black lines corresponds to the radiative/convective boundaries.

These modifications in the atmospheric chemical and microphysics composition have a major impact
on the transit spectra, with the most important feature being the increase of the atmospheric scale
height due to the higher temperatures, thus yielding a larger transit depth. This last effect can thus
enhance the steepness of the UV-visible slope observed in the spectra (Fig. 4) and decreases the
requirement for a strong haze mass flux. These results demonstrate the need for a self-consistent
description of haze interaction with the atmosphere.

Figure 4: Disequilibrium (red line) and self-consistent (blue line) theoretical spectra compared to
observations (black crosses).
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