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Mind the Gap: Crunching the Atmospheres of
the Coldest Free-Floating Brown Dwarfs

Thematic Areas (Check all that apply):

X (Theme A) Key science themes that should be prioritized for future JWST and
HST observations

[J (Theme B) Advice on optimal timing for substantive follow-up observations
and mechanisms for enabling exoplanet science with HST and/or JWST

[J (Theme C) The appropriate scale of resources likely required to support
exoplanet science with HST and/or JWST

X (Theme D) A specific concept for a large-scale (~500 hours) Director’s
Discretionary exoplanet program to start implementation by JWST Cycle 3.

Summary: Y-dwarfs are the coldest (T <500 K), and least-massive brown
dwarfs (M<20 Mj,,;), filling the gap in Tr and mass between the very-well char-
acterized T dwarfs, and Jupiter-like gas giant planets (~128 K). Nevertheless, due
to their faintness (M; >19), only ~40 Y-dwarfs have been discovered in the last
decade [1]. From those, about half could be spectroscopically studied [2], and
only three have time-resolved photometry or spectroscopy [3, 4, 5]. In summary,
the characterization of the atmospheres of Y-dwarfs has been highly limited by
the sensitivity of the instrumentation available prior to JWST. Thus, we propose
to conduct a comprehensive time-resolved near- and mid-infrared spectroscopic
campaign with NIRSpec and MIRI, to characterize in deep detail the atmospheres
of the currently known Y-dwarfs. This survey will allow us to: 1/ Obtain high
signal-to-noise high-resolution spectroscopy of all the known Y-dwarfs up-to-date,
allowing us to test the atmospheric models for the coldest brown dwarfs at a wide
wavelength range. 2/ Time-resolved spectroscopy will allow us to characterize
the types and composition of clouds that condense at each atmospheric depth in
Y-dwarfs, allowing us to study the 3D structure of these cold giants free-floating
objects. In conclusion, a comprehensive time-resolved spectroscopic study of Y-
dwarfs will allow us to bridge the gap between the free-floating brown dwarfs and
exoplanets, and to improve the existing atmospheric models in this temperature
regime.
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Anticipated Science Objectives: 1/ Testing (forward and retrieval) Atmospheric
Models for Y-dwarfs. Since many of these objects are too faint to be characterized
with instrumentation other than that onboard JWST, few high SNR spectroscopic
data set was available to test these models with a wide near- and mid-infrared
wavelength coverage (Fig. 1 middle and bottom panel [2], [6]). In addition,
Y-dwarfs surveys with ground-based photometric and spectroscopic data suggest
that Y-dwarfs colors and spectra are quite sensitive to metallicity ([2], Fig. 1 upper
panel). Thus, having a survey monitoring all Y-dwarfs known up to date is vital to
characterize all Y-dwarf parameter space. 2/ Characterizing the atmospheric cloud
structure and evolution. Time-resolved spectroscopic studies require stability and
high SNR spectra. Due to instrumental limitations, this type of monitoring cam-
paign cannot be accomplished other than with JWST. Time-resolved spectroscopy
will allow us to measure the variability amplitudes at the different molecule bands
and atomic lines, each of them probing different depths in the atmospheres of these
objects. By analyzing the differences in variability amplitude at the different spec-
tral characteristics, we will characterize the types of clouds that condense at each
atmospheric depth, allowing us to study the 3D structure of these cold giants. This
studies were successfully performed in L- and T-dwarfs (i.e. [7], [8], [9], [10]).

Urgency: The T and masses of most of the Y-dwarfs are similar to those of
the coldest exoplanets detected by direct-imaging and transiting methods. Given
the isolated nature of Y-dwarfs, they offer a unique opportunity to characterize
the atmospheres similar to those of many planets for which these studies are more
challenging. Y-dwarfs offer a unique opportunity to improve atmospheric models
in the cold regime, including retrievals, which are commonly used for deriving the
properties of transiting exoplanets.

Risk/Feasibility: The three Y-dwarfs that were monitored for time-resolved
photometry showed significant variability [3, 4, 5]. Thus, likely most Y-dwarfs
will show some level of spectral variability. For those Y-dwarfs which do not
show spectroscopic variability, we still will obtain a high signal-to-noise spectra
allowing us to test atmospheric models/retrievals.

Timeliness: Our proposal is well aligned with the recommendations of the
Astro2020 Decadal Survey.

Cannot be accomplished in the normal GO cycle: We need to cover at least
one rotational period of each object. Most brown dwarfs have rotational peri-
ods <20 hr [11], thus, we propose to monitor each Y-dwarf for 10 hr with NIR-
Spec/BOTS and 10 hrs with MIRI/LRS.
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Figure 1: Upper panel: Color-magnitude diagram for the Y-dwarfs known up to date (those with
Texr <500 K. The spread in colors in this diagram for Y-dwarfs is most likely due to differences
in metallicity [2]. Middle panel: Example of ~400 K Y-dwarf spectra obtained with pre-JWST
instrumentation (in black, blue are the best fit models) [2]. Bottom panel: JWST/NIRSpec and
MIRI spectrum from [6].
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