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The Unrealised Interdisciplinary Advantage of
Observing High Mass Transiting Exoplanets
and Brown Dwarfs
Thematic Areas (Check all that apply):

⊠ (Theme A) Key science themes that should be prioritized for future JWST and
HST observations
□ (Theme B) Advice on optimal timing for substantive follow-up observations
and mechanisms for enabling exoplanet science with HST and/or JWST
□ (Theme C) The appropriate scale of resources likely required to support
exoplanet science with HST and/or JWST
□ (Theme D) A specific concept for a large-scale (∼500 hours) Director’s
Discretionary exoplanet program to start implementation by JWST Cycle 3.

Summary: We advocate for further prioritisation of atmospheric characterisation
observations of high mass transiting exoplanets and brown dwarfs. This popu-
lation acts as a unique comparative sample to the directly imaged exoplanet and
brown dwarf populations, of which a range of JWST characterisation observations
are planned. In contrast, only two observations of transiting exoplanets in this
mass regime were performed in Cycle 1, and none are planned for Cycle 2. Such
observations will: improve our understanding of how irradiation influences high
gravity atmospheres, provide insights towards planetary formation and evolution
across this mass regime, and exploit JWST’s unique potential to characterise exo-
planets across the known population.
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Anticipated Science Objectives: Comparative studies between transiting exo-
planets and the more widely separated directly-imaged exoplanet and brown dwarf
populations have been historically limited due to the observational biases of their
different characterisation methods. Even with the advent of JWST we cannot com-
bine these techniques for a single target. We can, however, use the separate ad-
vantages JWST provides to transits and direct-imaging to enable a robust compar-
ison of atmospheric physics and chemistry between these two populations. Both
directly-imaged exoplanets and brown dwarfs are being characterised through
photometry and spectroscopy for masses ≳ 3 MJup (e.g., [1, 2]) and temperatures
as cool as 250 K. Objects with lower masses have yet to be detected using direct
imaging techniques. In contrast, and despite the known transit population extend-
ing well into the brown dwarf regime, just two transiting exoplanets with masses
≳ 3 MJup were characterised as part of Cycle 1 observations [3, 4], and none will
be characterised during Cycle 2 (Fig. 1). Furthermore, those two which have
been characterised have only utilised a single JWST near-infrared observing mode
each. As the catalogue of high signal-to-noise, broad wavelength coverage, JWST
spectra of directly-imaged exoplanet and brown dwarf atmospheres continues to
grow, we are providing little to no opportunity for comparison to the transiting
planet population. Although transmission measurements are difficult for higher
mass targets, emission measurements are still achievable with just one eclipse ob-
servation (Fig. 2). With the energy budget of transit atmospheres dominated by
intense irradiation, they act as a powerful contrast to imaged companions, which
are dominated by the remnant heat from formation. These observations will enable
comparisons between these two populations and will be able to directly probe the
influence of differing radiative, advective (e.g., rotation/winds), and chemical (e.g.
clouds/disequilibrium chemistry) environments in sculpting exoplanet emission
spectra. Furthermore, with transits, imaged exoplanets, and isolated brown dwarfs
occupying vastly different orbital separation regimes, deeper characterisation and
comparison efforts will enable first-order explorations of their formation (e.g., core
accretion vs. gravitational instability [5]) and evolutionary histories. With giant
exoplanets likely exerting a significant influence on companion exoplanets in their
systems, insights into their formation and evolution may also inform the broader
understanding of planetary system architectures. At a more fundamental level,
these observations are a critical step towards characterising transiting exoplanet
atmospheres across the breadth of the known population, which, albeit ambitious,
is a goal that is well with the reach of JWST capabilities and lifetime.
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Figure 1: The population of transiting exoplanets and brown dwarfs, as obtained from TEPCat [6],
marker size corresponds to equilibrium temperature. Targets being observed in Cycle 1 and/or 2
are highlighted accordingly, their temperature is further indicated by their color, and the histogram
shows the number of targets as a function of mass. The red line indicates the lowest mass objects
being characterized through direct techniques to date.

Figure 2: Solar metallicity models of high mass targets. Simulated PandExo [7] data (white
diamonds) are shown alongside archival Spitzer data (grey squares). Data are generated from a
solar C/O ratio forward model, at resolution R=50 for NIRSpec G395M and R=20 for MIRI LRS.
The median retrieved model (solid line), 1, 2, and 3σ confidence intervals (shaded regions), and
sub-solar/super-solar (dotted/dashed lines) are also shown. A zoomed in portion of each simulation
is displayed on the right, some errors are too small to be seen.
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