
I think this talk will nicely summaryze several re-
sults in two important hot topics of exoplanet atmo-
spheres.
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Near-Ultraviolet (NUV, 200-400 nm) spectra of plan-
ets hold rich information about the chemistry and
physics at work in their upper atmospheres. In the
solar system, NUV spectroscopy has been critical
in identifying and measuring the abundances of a
variety of hydrocarbon and sulfur-bearing species,
produced via photochemical mechanisms, as well as
oxygen and ozone. To date, less than 20 exoplanets
have been probed in this critical wavelength range,
with mixed results, limited by the wavelength cov-
erage and sensitivity of the workhorse instrument
for such studies, HST’s STIS G430L and E230M grat-
ings. In HST Cycle 25, our team embarked on a jour-
ney to explore the potential of HST’s WFC3/UVIS
G280 grism, which offers the highest throughput of
all HST’s instruments in the NUV and is up to 25
times more sensitive than its STIS counterparts at 350
nm. The WFC3/UVIS G280 grism does offer one
challenge, the presence of overlapping spectral or-
ders similar to those of JWST’s NIRISS instrument,
which required us to develop new data reduction
and analysis techniques. The first target to be ex-
plored with this newly unlocked mode on HST was
the hot Jupiter HAT-P-41b, which had been previ-
ously observed with HST’s STIS G430L grism. Our
high-precision spectrum of HAT-P-41b, which com-
bines information from both the positive and neg-
ative spectral orders, has revealed features in the
NUV that cannot be explained by standard equilib-
rium chemical models, the presence of aerosols, or
stellar activity. Drawing on solar system and stel-
lar studies, we considered dozens chemical species

that are known to absorb strongly at NUV wave-
lengths. Through detailed atmospheric modeling
and retrieval analyses we have uncovered not yet
considered chemistry and physics at work in the at-
mosphere of HAT-P-41b, which is likely present in
many exoplanet atmospheres. In this talk I will de-
tail the opportunities that have been opened up with
the HST WFC3/UVIS G280 grism in the exploration
of exoplanet atmospheres and reveal the once hidden
secrets of HAT-P- 41b’s atmosphere.
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Ample evidence suggests that exoplanets of all kinds
have clouds, likely made of many different materi-
als from refractory minerals, to silicate dust, to salts,
to volatile ices. Clouds are complex to model and
challenging to understand from limited observations
of exoplanets. Fortunately, planet-mass free-floating
objects provide a key venue for understanding cloud
formation in substellar atmospheres. These objects
have the temperatures of planets but, critically, lack
a nearby star, making high signal-to-noise, high pre-
cision measurements possible. To understand the
physics and chemistry of these atmospheres, we
need to compare these high fidelity observed spec-
tra to state-of-the-art models. Recent improvements
to the ingredients in substellar atmosphere models
include new line lists for various important species
(methane, alkali metals, water, etc.), as well as up-
dated chemistry calculations for a range of metallici-
ties and carbon-to-oxygen ratios. Here, we present
a new set of substellar atmosphere models for ob-
jects warmer than 1000 K including clouds. We
show how these models differ from previous cloudy
brown dwarf models (Saumon & Marley 2008), and
demonstrate how metallicity affects cloudy substel-
lar spectra. We present results comparing these
models to field brown dwarfs, free-floating plan-
ets, and directly-imaged companions, demonstrat-
ing how gravity changes cloud properties and emer-
gent spectra. Finally, we present a new technique for
understanding the compositions and mineralogy of
clouds in brown dwarfs using mid-infrared spectro-
scopic time-series measurements with JWST. These
models will publicly available and provide a critical
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