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Brown Dwarfs: Link Between Giant Planets and Low-Mass Stars

L 1 Y

Brown Dwarfs Giant Planet

Low-mass Star

NOO



Brown Dwarfs: Link Between Giant Planets and Low-Mass Stars

Brown Dwarfs Giant Planet

Low-mass Star

NOO



-
w

(]
S
=
T0 ©
frar}
|9}
(]
Q
(%]

—
ul

Juko — Kmko

Diversity of Cold Exoworlds with JWST BD(OyYC Genaro Sudrez (gsuarez@amnh.org) 2/11



-
w

(]
S
=
T0 ©
frar}
|9}
(]
Q
(%]

—
ul

Juko — Kmko

Diversity of Cold Exoworlds with JWST BD(OyYC Genaro Sudrez (gsuarez@amnh.org) 2/11



Challenges Predicting Properties of the Coldest Brown Dwarfs

L dwarfs

_—

Appearance of the hottest (Z1000 K)

S Dust cloads

() L5

_.
o
Spectral Type

brown dwarfs highly influenced by their

viewing inclination and dust cloud distribution (Vos et al. 2017, Suérez et al. 2023).
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Spectra in JWST Cycle 1 GO 2124

104 4

NH;

CHq

MMW, WO0415 (Ter =725 K)

W0146 (Terr=621K)

W0535 (Tus =518 K)yy
NWRIELE R |

=489 K)

102 4

F, + offset

ot

Lt

w222p (T,

W0825

W1405 (Terr=435K)

107 o natioB23_Ter =005 o

TN

v\ mm‘ N

H,0

Diversity of spectral features for objects with similar temperature e.g. CO and CO».

3.0

3.5

4.0 4.5
Wavelength (um)

Methane in emission in the spectrum for W1935 (Faherty et al. 2024, Nature).
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Spectra in JWST Cycle 1 GO 2124
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Methane in emission in the spectrum for W1935 (Faherty et al. 2024, Nature).

Complementary JWST Cycle 1 GO 2302 (PIl: M. Cushing) that obtained NIR and MIR
spectra for 24 cold brown dwarfs (Beiler et al. 2023, Kothari et al. 2024).
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Methane in Emission
Faherty, Burningham, Gagné, Sudrez et al. (2024, Nature)
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Methane in Emission

Faherty, Burningham, Gagné, Sudrez et al. (2024, Nature)

— W1935 model no inversion
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A temperature inversion of ~200 K in the top (0.1-0.01 bar) atmosphere replicates the ab-
sorption feature.
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Methane in Emission
Faherty, Burningham, Gagné, Sudrez et al. (2024, Nature)

— W1935 model no inversion
MnS
-4

W1935 model with inversion

Na,S -~ KCl

Zns

Methane Emission
o,

-- H,0

T
\
1
\
1
\
1
1
\
\
\
\
1

log[P. (bar)]

0 200 400

600 800 1,000 1,200
T(K)

A temperature inversion of ~200 K in the top (0.1-0.01 bar) atmosphere replicates the ab-
sorption feature.

Auroral activity could explain the temperature inversion.
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Lacy & Burrows (2023) Best-fitting Model

AFy(ergs™! cm2)
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~ Retrieved spectrum without inversion 1 JWST/MIRI
— Retrieved spectrum with inversion HH Synt. phot.
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ATMO 2020 Atmospheric Models
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Lacy & Burrows (2023) Atmospheric Models
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Forward Modeling of the Comprehensive SED

Sudrez et al. (2024b, in prep.)

ATMO 2020 Atmospheric Models

Lacy & Burrows (2023) Atmospheric Models
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Non-equilibrium chemistry is favored.

Overall, current atmospheric models decently reproduce
a full ultracool SED.

Challenges explaining the depth of some absorption fea-
tures.
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Conclusions

We have NIRSpec and MIRI data for 12 of the coldest brown dwarfs to study their
diversity.

The coldest extrasolar atmospheres are highly influenced by non-equilibrium chem-
istry due to vertical mixing.

State-of-the-art atmospheric models are able to predict the overall SED of the coldest
known substellar atmospheres but not for the dwarf with methane in emission.
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