Constraining Three-dimensional Cloud Properties
with Spectroscopic Exoplanet Eclipse Mapping
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Instrumentation aboard the recently launched James Webb Space Telescope will soon
allow for the characterization of three-dimensional exoplanet atmospheres by utilizing
spectroscopic eclipse mapping techniques. We expect the formation of clouds in cold and
warm exoplanetary atmospheres to change observed pressures and temperatures, thereby
incentivizing a method to account for the clouds' opacity in planetary emission models.
The following is an extension of ThERESA’s, a three-dimensional exoplanet mapping
code, to incorporate clouds into the 3D model by adding parameters for cloud properties
like particle size and cloud deck depth. Employing the use of clear and cloudy general
circulation models of HD209458b, we generate synthetic spectroscopic light curves that
include the opacity of clouds at varying pressure levels, with wavelength dependence
based on the molecular composition of the cloud species. Applying ThERESA to these
light curves, we test a basic cloud model parameterization, with a single horizontally
homogeneous cloud deck and single particle size, recovering 3D temperature maps and
estimated cloud properties, and comparing them with the input general circulation models.
ThERESA is open-source and publicly available as a tool for the community.

• We test our mapping by creating
• We find a singular homogenous cloud
synthetic light curves using a general
that stretches across the planet fit's the
circulation model (GCM).
data better than the no clouds.

Figure 3. 2D gradient temperature maps
like this can be stacked on top of one
another to create a 3D representation of
the planet.

• Eclipse Mapping is a method we use to create light curves by measuring flux as planets
pass behind their host star.
• Principle Component Analysis (PCA) allows for the generation of orthogonal light
curves known as 'eigencurves', which can be used to construct an orthogonal basis.
• With the goal of determining unknown parameters, orthogonal basis maps prove useful
as computations become less intensive and more accurate.

• Figure 1. Shows hotspots and temperature • Figure 2. Example of an individual filter
discrepancy between dayside and nightside
showing hotspots on a planet
• Atmospheric retrieval has applications in understanding the molecular composition
of exoplanets, and with that comes understanding the habitability of a planet in the
search for biosignatures.

• Clouds are important to consider in
the model because they introduce
additional opacity and limit how
deeply we can see into the
atmosphere.
• We can see deeper into planetary
atmosphere with different filters
(different wavelengths of light).
• Our future direction is to implement
more complex cloud models
that are more representative of real
atmospheres.

Figure 6. Flux vs. Time graph as a planet
undergoes an eclipse, and the residuals.

Figure 4. Cloud extinction
efficiency vs. wavelength for a
range of Q0, and particle
radius a. In this work,
we assign silicates a Q0 of 10
and all other clouds a Q0 of
100.
Figure 5. The temperature grid
used in light-curve generation.
The colored profiles show
temperatures at various
longitudes along the equator.
The substellar point is 0◦ . All
other thermal profiles are
plotted in gray.
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