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Micro-porosity for a ‘Typical Warm Gas Giant’

Introduction
Clouds can have a major impact on the optical properties
of exoplanet atmospheres, we investigate the formation of
non-compact and non-spherical clouds for a typical warm
gas giant atmosphere and for WASP-43b. WASP-43b is
a 2.034 MJup, 1.036 RJup gas giant exoplanet [1], on a
∼ 0.8 day period orbit around a K7V type star. It is expected
to have Teff ≈ 1700 ± 200 K [2]. It has previously been
observed with Spitzer and HST /WFC3 [3], and is selected for
JWST NIRSpec observations as part of GTO program 1224.
The work presented here is expanded upon in two papers:
• Mineral snowflakes on exoplanets and brown dwarfs: Effects of
micro-porosity, size distributions, and particle shape [4]
• Mineral cloud and hydrocarbon haze particles in the atmosphere of
the hot Jupiter JWST target WASP-43b [5]

Figure 3: Compact and micro-porous cloud particle properties (fpor = 0.0 and 0.9 respectively). For a 1D ‘typical warm gas giant’

Drift-

Phoenix atmospheric profile (Teff = 1800 K, log(g [cms−2]) = 3.0). Left: Cloud particle number density nd (black lines, left axis) and
average size hai (red lines, right axis). Right: Single scattering albedo AS(λ) = Qsca (λ)/Qext(λ) (see figure for wavelengths).

Methods
We model micro-porosity by introducing a constant
parameter fpor such that the effective material ρeff
s is
ρeff
s = ρs (1 − fpor)
Heterogeneous cloud particle opacities are calculated with
Mie theory [6, 7, 8], and effective medium theory (EMT)
with the Bruggeman mixing rule [9]. Micro-porosity is incorporated as vacuum (refractive indices n = 1, k = 0).

Micro-porosity increases cloud particle surface area. This enables efficient bulk growth and thus
reduces peak nucleation rates, leading to larger but less numerous cloud particles. Single scattering
albedo is enhanced due to larger cloud particle sizes and changes to material composition. These
effects are robust across a range of effective temperatures and surface gravities [4].
Hollow Spheres on WASP-43b
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Figure 1: Effects of micro-porosity on real n (red lines, left axis) and imaginary k (blue
lines, right axis) refractive indices for a homogeneous Mg2SiO4 cloud particle.

We represent non-spherical particle shape using a statistical
distribution of hollow spheres (DHS) [10, 11]. Hollow spheres
are composed of a spherical vacuum core and material mantle
shell (with respective radii acore and amant), defined by the
parameter fhol:
3
acore
fhol = 3 ,
amant
Non-spherical particle shapes are represented by averaging
over a distribution of hollow spheres up to some maximum
max
value, we find fhol
= 0.85 to be sufficient [4].

Figure 4: Slices through the equator (θ = 0.0°) of WASP-43b. φ = 0.0° is the sub-stellar point. The terminator is indicated by green dotted
lines. Left: Gas temperature Tgas from GCM simulation (see [5] and references therein), Right: Ratio of cloud particle mass to gas mass ρd/ρ.

Cloud formation is more efficient on the nightside of WASP-43b because of cooler temperatures in
the upper atmosphere. Cloud formation is also asymmetric at the terminators as a result of heat
re-distribution from the dayside to the nightside.

Figure 5: Pressure at which the vertically integrated optical depth reaches unity for the evening and morning terminators of WASP-43b at the
equator (θ = 0.0°). Solid lines show spherical cloud particles, dashed lines show irregular particle shapes using a DHS.

Figure 2: Illustrative sketch of hollow spheres with increasing fhol parameter.
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Vertically integrated optical depths for the terminators of WASP-43b clearly show the asymmetry in
cloud formation. Silicate spectral features are observable in the wavelength range of MIRI and the
upper end of NIRSpec and are affected by cloud particles shape.
Conclusions
• ‘Mineral Snowflake’ cloud particles affects material and optical properties for porosities of fpor = 0.9.
• Clouds form inhomogeneously around WASP-43b as a result of the 3D pressure-temperature
structure, this causes an asymmetry in the optical depth of clouds between the two terminators.
• Statistical methods such as a distribution hollow spheres capture the effects of non-spherical cloud
particles and are likely observable by JWST MIRI in transmission spectra.

