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Abstract

The Planetary Spectrum Generator is used to
simulate the feasibility of measuring the D/H ratio in
different exoplanet atmospheres. We consider a
number of current and future observatories.
Molecular opacities of H,O/HDO and CH4/CH3D are
calculated from most recent ab-initio line lists and
over a wide range of atmospheric conditions.

Introduction

The D/H ratio is one of the most important
cosmochemical parameters and may be measurable
with future observatories. The galaxy’s initial D/H
ratio is constrained by nucleosynthesis at the
formation of the universe, but is locally altered by a
number of processes, in particular atmospheric
escape, and therefore measuring D/H thus provides a
molecular tracer for the physical and chemical
evolution of the object investigated.

Measuring the D/H ratio in atmospheres is possible
by looking at the absorption/emission features of
water or methane in the mid-infrared. Even at natural
isotopic abundances, the deuterated isotopes have
regions where the absorption surpasses the main
isotopes. In exoplanet atmospheres, the absorption
features are expected to strongly overlap however,
making a critical evaluation of the spectral features
necessary. Aside from spectroscopic considerations,
accurate geometric and instrumental simulations are
required to calculate the sensitivity to the
atmospheric D/H ratios.

Methods

The Planetary Spectrum Generator (PSG) [1] allows
users to simulate exoplanet spectra, using
geometrical parameters from NASA’s exoplanet
archive, considering full atmospheric radiative
transfer  properties, and includes instrument
parameters for most current and future observatories.

In order to assess the feasibility of D/H detections,
the ro-vibrational opacities of all of the relevant
species (i.e. H.O/HDO and CH4/CH3D) have to be
very well constrained. Ab-initio line lists offer the
most complete and accurate way to calculate
molecular absorptions. Here, we make use of the
most recent line lists [2,3,4,5] to generate molecular
absorbances as a function of atmospheric
composition, pressure, and temperature. We update
PSG with the new line lists, which is used to simulate
mid-infrared spectra of transiting exoplanets.

In this study, we investigate the feasibility of D/H
detections using HST, JWST, HabEx, LUVOIR,
OST, and ELT/GMT/TMT. A number of different
atmospheres and planetary sizes are considered, all
placed at 10 pc. Included in the calculations are
stellar emission spectra, realistic noise components,
and photon fluxes.
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