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Long Story Short 
Clouds are ubiquitous in the atmosphere of exoplanets. Evidence of their 
existence has been seen in transmission [1,2], reflection [3], and emission 
[4]. Though they inhibit probing of atmospheric composition, they 
themselves are also expressions of that composition [5,6]. In addition, 
they strongly affect the radiative environment of planetary atmospheres. 
Therefore, understanding exoplanet cloud distribution and formation is 
vital to understanding exoplanet atmospheres in general.  
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Homogeneous Nucleation 

The rate of homogeneous nucleation 
is heavily dependent on material 
properties. In particular, the surface 
energy of the material, which can 
vary by an order of magnitude be-
tween species, may present a strong 
barrier against nucleation and cloud 
formation. For example, given homo-
geneous nucleation, ZnS and Mg2SiO4 
form very diffuse clouds, which is a 
manifestation of this phenomenon. 

Heterogeneous Nucleation 

Allowing for heterogeneous nuclea-
tion gives species that cannot form 
homogeneously surfaces on which to 
condense. This leads to more massive 
clouds of ZnS and Mg2SiO4, while for 
the others the difference is smaller. 
However, the area-weighted particle 
radius is now much more similar 
among the species, which is in turn 
dependent on the seed distribution.  

We use CARMA [8], a 1D cloud 
microphysics model, to simulate 
clouds on Jupiter-sized worlds 
across temperature space, from 
KCl clouds at 400 K to forsterite 
(Mg2SiO4) and iron (Fe) clouds at 
1000 K. We use an eddy diffusivity 
of 108 cm2 s-1 and a gravity of 56 
m s-2 for all simulations.  
 
 
 

The formation process of clouds 
in exoplanet atmospheres is not 
clear. To explore this question we 
assume the clouds either form by 
homogeneous nucleation or 
heterogeneous nucleation. For 
the latter, we assume a flux of 104 
cm-2 s-1 of 10 nm cloud seeds.  
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Compositional 
information (i.e. 

variations in k) are only 
expressed at small size 

parameter values 

JWST may directly observe clouds 
by probing atmospheric trans-
mission beyond 10 microns, where 
spectral features of the condensed 
material may present themselves 
[7]. However, this expression is 
strongly dependent on the size of 
the cloud particles compared to 
the observed wavelength. Only 
particles significantly smaller than 
the probing wavelength (<0.1λ) 
can imprint their compositional 
information on transmission spectra.  

Cloud microphysics controls the formation and distribution of clouds and 
includes processes such as nucleation, condensation, and transport. We 
apply a cloud microphysics model to exoplanets to estimate the sizes of 
exoplanet cloud particles and investigate whether JWST can “see” them.   

Conclusions & Future Work  

The impact of individual cloud species on transmission spectra vary widely. Cooler atmospheres 
appear to invite more optically thick clouds that vastly reduce the molecular signatures in 
transmission, where as the hotter clouds are relatively diminutive. Different species also behave 
differently depending on their formation pathway (homogeneous vs. heterogeneous nucleation).  
 

We do not see any observable cloud features in transmission. While cloud opacity dominates the 
transmission spectra of some of the cases, no unique spectral signatures are expressed. This is likely 
due to the cloud species having no features (e.g. KCl), or that the cloud particles are too large.  
 

Exploration of this rich parameter space is warranted. JWST will observe a myriad of cloudy worlds 
across phase space, including smaller planets with higher metallicities, where cloud features may be 
visible. We will investigate this possibility in our future efforts.  
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