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Abstract

It is becoming increasingly apparent that aerosols play
a significant role in exoplanet atmospheres, especially
regarding their effects on transmission spectra ob-
tained during transit. However, we know very little
a priori about the composition and structure of con-
densational clouds and photochemical hazes in exotic
hot Jupiter atmospheres. Retrieval approaches pro-
vide a relatively agnostic method for extracting atmo-
spheric information from observed spectra, but mod-
els used in retrievals are necessarily simple and com-
plex structures such as cloud decks are parameterised.
We here present results of parameterized aerosol re-
trievals on synthetic spectra generated from 3D Global
Circulation Models incorporating microphysical cloud
schemes. We demonstrate that the synthetic spectra
can be well reproduced by the parameterized model,
and compare the retrieval output with the known input
characteristics of aerosols.

1. Introduction

Exotic, highly-irradiated, gas giant exoplanets (hot
Jupiters) can be observed when they transit their parent
stars. Several hot Jupiters now have relatively com-
plete transmission spectra, and these objects are suit-
able targets for spectral retrieval methods. Retrieval
schemes combine iterative sampling and fitting algo-
rithms such as non-linear optimal estimation (Rodgers,
2000) or MultiNest (Feroz & Hobson, 2008; Feroz
et al., 2009, 2013) with simple, parameterized, 1D ra-
diative transfer models. The retrieval approach allows
atmospheric information to be inferred directly from
the spectra, with minimal prior assumptions; however,
the requirement for parameterization means that atmo-
spheric features and processes are highly simplified.
Whilst we lack ground truth for exoplanets, sophisti-
cated 3D circulation models incorporating physically
based cloud microphysics schemes (Lines et al., 2018)

are readily available. Synthetic observations generated
from these models provide an important benchmark
for retrieval schemes, both in terms of ability to repro-
duce the observation and ability to recover key aspects
of the input atmospheric state.

2. Modelling

We perform this benchmarking exercise using the
NEMESIS retrieval scheme (Irwin et al., 2008) against
outputs from the Met Office Unified Model, a 3D
GCM (Lines et al. 2018 and references therein). The
GCM has been coupled to two alternative cloud micro-
physics schemes, DIHRT (Lee et al. 2016 and refer-
ences therein; Helling et al. 2008) and EddySed (Ack-
erman & Marley, 2001). We test several different
aerosol parameterizations within NEMESIS, including
models based on those used in Barstow et al. (2017)
and MacDonald & Madhusudhan (2017). Generally,
each aerosol model is restricted to having five param-
eters or fewer; parameters used include total aerosol
opacity, a specification for the wavelength dependence
of the scattering efficiency, cloud top/base pressures,
and the aerosol fraction over the terminator. Examples
of the effects of changing various aerosol parameters
are shown in Figure 1. NEMESIS uses PyMultiNest
(Buchner et al., 2014) to sample the posterior and pro-
vide a marginalized solution for these aerosol parame-
ters (Krissansen-Totton et al., 2018).

3 Preliminary findings and future
work

We find that simple parameterized models are capa-
ble of producing an excellent fit to cloudy spectra
generated from the 3D GCM, using the DIHRT mi-
crophysics scheme. A comparison of the GCM at-
mospheric state with the retrieval output for our ini-
tial test indicates discrepancies in the retrieved gas
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Figure 1: Synthetic spectra generated using NEMESIS, showing the effects of changing various cloud parameters.
The plots on the left hand side show spectra for cloud extending from the cloud top to the bottom of the model
atmosphere. The plots on the right hand side show spectra for cloud extending over a decade in pressure only. This

figure was originally presented in Barstow et al. (2017).

abundances, which we attribute to the assumption in
NEMESIS that the temperature profile is isothermal
above 0.1 bar, when the GCM temperature structure
is non-isothermal in this region. In subsequent work,
a more flexible parameterization for the temperature
profile will be used. The retrieved aerosol model
favours small, Rayleigh scattering particles, which is
in good agreement with the GCM cloud, indicating
that the aerosol properties most critical for transmis-
sion spectra can be recovered. We will next perform a
comprehensive study, testing a variety of aerosol pa-
rameterizations on spectra generated using both the
DIHRT and EddySed cloud microphysics schemes, the
results of which will be presented.
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