
Importance of Accurate Molecular Spectroscopy for
Characterising Exoplanetary Atmospheres

Christina Hedges, Nikku Madhusudhan
Institute of Astronomy, University of Cambridge

clh93@ast.cam.ac.uk

Introduction

In this work we have created a library of
molecular cross sections relevant to ex-
oplanet atmospheres, specifically for hot
Jupiters. This library can be used for

•Accurate and uniform inputs for
atmospheric models

•Investigating the most
interesting spectral regions for
current and future missions

•Testing the effect of broadening
on atmospheric retrieval

Figure 1: Geometry of Transmission Spectroscopy: When a
star is occulted by a planet this causes a transit. Molecular
absorption in the planet’s atmosphere causes less transmission
and a larger transit depth over a range of wavelengths. This
can be related to the atmospheric composition.

Cross Sections

Molecular cross sections determine the ab-
sorption of photons in an atmosphere,
giving rise to changes in transmission
through the atmosphere with wavelength.
They can be derived from molecular line
lists from sources such as Exomol [1].
When generating these cross sections we
broaden by a Voigt profile (see Figure 2)
based on broadening parameters at rele-
vant temperatures and pressures. This al-
lows us to investigate the effects of both
thermal and pressure broadening at the
same time. This is particularly important
for hot Jupiters where thick atmospheres
can be both hot and under high pressure.

Figure 2: Difference between a Voigt profile and the two con-
stituents, Lorentzian and Gaussian profiles.

Hubble Observations

HST WFC3 observations can be used to detect water in exoplanet atmospheres which
enables estimates of water abundances. This has been successful particularly for hot
Jupiters. The wavelength range of this instrument is ideal for this analysis as it contains
a very prominent water feature, as shown in Figure 3. Using the library we are able
to investigate the factors that affect this particular band and others of interest for the
future.

Figure 3: Molecular cross sections in the WFC3 band at 1200K. Water is the most prominent feature, other molecules require
high abundances to overcome the line strength of water in this region.

Future Missions

JWST and the E-ELT will be able to provide high resolution spectroscopy for nearby
transiting exoplanets over a large wavelength range and will greatly improve our mea-
surements of atmospheres. However this brings the added difficulty that line broadening
may affect the results. While we are confident this effect will be small we believe that
the addition of broadening may require new treatment in the future. Figure 4 shows
the HST WFC3 band pass at a resolution achievable with JWST’s NIRSpec instrument.
The differences between atmospheric pressures change the integrated cross section by a
few percent.

Figure 4: The H2O cross section in the WFC3 band at for different atmospheric pressures at 1000K. This is binned to JWST
resolution of R=1000. The resolution of HST WFC3 (with a 4 point channel bin [2]) is also shown for comparison. The grey
curve shows the unbinned cross section. Some features at the JWST resolution can be altered by a few percent due to pressure
broadening.

Library of Molecular Cross Sections

Figure 5: Current available molecules in our library and the relevant instruments with their spectral ranges. Spitzer IRAC
band-passes are shown with lines at the band-pass centre.

Figure 6: Weighted fractional difference of CO in pressure and temperature
space with and without broadening. This shows that broadening can alter the
cross sections by 10-15% in regions relevant to exoplanets.
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Summary

While the addition of pressure broadening and the overall accuracy of the inputs to atmo-
spheric models may not be of concern for current instruments it may cause discrepancies
with high precision and high resolution measurements in the future. Accurate line list
data and broadening parameters at relevant high temperatures may become important.
Currently the databases of molecular line lists are being updated to include high tem-
perature ranges but work is still needed to generate pressure broadening values on a line
by line basis, particularly for hydrogen broadening. We find that by including broaden-
ing treatments we can alter the cross section by >10% for pressures and temperatures
relevant to exoplanet atmospheres as shown in Figure 6. We intend to test our current
limits further and investigate the effects of broadening on atmospheric characterisation
of exoplanets.


