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Abstract

Extrasolar planets appear with a large diversity. The resulting atmospheric structures therefore span a wide
range of thermodynamics and chemistry parameters which are best studied by the use of complex models as
virtual laboratories. We aim to support the data interpretation for present and future missions, for example
JWST, PLATO, Ariel, ARAGO, PolStar or POLLUX on LUVIORE with this catalogue of supplementary
material to our main paper Helling et al. (2022). A grid of pre-calculated 3D GCMs is used as input for our kinetic
cloud formation model that consistently describes the formation of nucleation seeds, the growth to macroscopic
cloud particles and their evaporation, gravitational settling, element conservation and gas-phase chemistry. The
gas-phase is assumed to be in chemical equilibrium, but the condensation appears only in phase non-equilibrium.
The 3D GCM grid includes M, K, G, F host stars and global planetary temperatures Teff,P = 400 . . . 2600K.
The results are presented in the main paper, here we provide a more extensive coverage of our numerical data.
The conclusions of the main paper are: The dayside cloud coverage is the tell-tale sign for the different planetary
regimes and their resulting weather and climate appearance. Class (i) is representative of planets with a very
homogeneous cloud particle size and material compositions across the globe, classes (ii) and (iii) have a large
day/night divergence of the cloud properties. The C/O ratio is, hence, homogeneously affected in class (i), but
asymmetrically in class (ii) and (iii). The atmospheres of class (i) and (ii) planets are little affected by thermal
ionisation, but class (iii) planets exhibit a deep ionosphere on the dayside. Magnetic coupling will therefore affect
different planets differently and will be more efficient on the more extended, cloud-free dayside. The depth of
the ionosphere and how it connects atmospheric mass loss at the top of the atmosphere with deep atmospheric
layers need to be investigated to coherently interpret high resolution observations of ultra-hot planets.

1 Introduction

This catalogue provides detailed, supplementary material for the study of exoplanet weather and climate regimes
on giant gas planets in Helling et al. 2022. Examples of known hot giant gas planets, like HD 1898733b, WASP-
43b, WASP-121b, HAT-P-7b, are set in context to the 3D GCM grid (Baeyens et al. 2021) utilised in this study
(see Fig. 1 in Helling et al. (2022)). The paper - catalogue pair addresses the following set of research questions:

• What is the effect of the host star radiation field on the global cloud distribution?

• How do potential geometrical or chemical atmospheric asymmetries change depending on the host star -planet
constellation?

• For which exoplanets may thermal ionospheres emerge?

These questions are addressed by utilizing a grid of 48 3D General Circulation Models (GCMs) that includes
M, K, G, and F planet host stars (Baeyens et al. (2021)). 1D (Tgas, pgas, ~v(x, y, z)) profiles are extracted and
used as input for our kinetic cloud formation model that determines the background gas composition in chemical
equilibrium (Woitke & Helling 2003, 2004; Helling et al. 2004; Helling & Woitke 2006; Helling et al. 2008). We
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