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Challenges Predicting Properties of the Coldest Brown Dwarfs
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Appearance of the hottest (≳1000 K) brown dwarfs highly influenced by their
viewing inclination and dust cloud distribution (Vos et al. 2017, Suárez et al. 2023).
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Challenges Predicting Properties of the Coldest Brown Dwarfs

Appearance of the hottest (≳1000 K) brown dwarfs highly influenced by their
viewing inclination and dust cloud distribution (Vos et al. 2017, Suárez et al. 2023).

2 1 0 1 2 3
JMKO KMKO

8

10

12

14

16

18

20

22

24

M
J

Dust clouds

?

L0

L5

T0

T5

Y0

Sp
ec

tra
l T

yp
e

What property domains the diversity of the coldest (≲1000 K) brown dwarfs?
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Challenges Predicting Properties of the Coldest Brown Dwarfs

Appearance of the hottest (≳1000 K) brown dwarfs highly influenced by their
viewing inclination and dust cloud distribution (Vos et al. 2017, Suárez et al. 2023).
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What property domains the diversity of the coldest (≲1000 K) brown dwarfs?
Salt and/or water clouds, gravity, metallicity, non-equilibrium chemistry?
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JWST Cycle 1 GO 2124 Program
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JWST Cycle 1 GO 2124 Program

JWST observations of 12 late-T and Y dwarfs (PI: J. Faherty):

NIRSpec G235H ≈2700 2.9–5.1 µm spectra.

MIRI F1000W, F1280W, and F1800W mid-infrared photometry.
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JWST Cycle 1 GO 2124 Program

JWST observations of 12 late-T and Y dwarfs (PI: J. Faherty):

NIRSpec G235H ≈2700 2.9–5.1 µm spectra.

MIRI F1000W, F1280W, and F1800W mid-infrared photometry.

All spectra were reprocessed.
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Spectra in JWST Cycle 1 GO 2124
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Diversity of spectral features for objects with similar temperature e.g. CO and CO2.
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Diversity of spectral features for objects with similar temperature e.g. CO and CO2.
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Spectra in JWST Cycle 1 GO 2124

3.0 3.5 4.0 4.5 5.0
Wavelength ( m)

101

102

103

104

F
 +

 o
ffs

et
W1711  (Teff 819 K)

W0415  (Teff 725 K)

W0146  (Teff 621 K)

W0751  (Teff 546 K)

W0535  (Teff 518 K)

W1935  (Teff 489 K)

W2220  (Teff 482 K)

W1541  (Teff 441 K)

W1405  (Teff 435 K)

W0825  (Teff 416 K)

W2354  (Teff 391 K)

W0503  (Teff 374 K)

NH3 CH4 CO2 CO H2O

3.0 3.5 4.0 4.5 5.0
Wavelength ( m)

101

102

103

104

F
 +

 o
ffs

et
W1711  (Teff 819 K)

W0415  (Teff 725 K)

W0146  (Teff 621 K)

W0751  (Teff 546 K)

W0535  (Teff 518 K)

W1935  (Teff 489 K)

W2220  (Teff 482 K)

W1541  (Teff 441 K)

W1405  (Teff 435 K)

W0825  (Teff 416 K)

W2354  (Teff 391 K)

W0503  (Teff 374 K)

NH3 CH4 CO2 CO H2O

Diversity of spectral features for objects with similar temperature e.g. CO and CO2.

Methane in emission in the spectrum for W1935 (Faherty et al. 2024, Nature).

Diversity of Cold Exoworlds with JWST Genaro Suárez (gsuarez@amnh.org) 4 / 11
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Diversity of spectral features for objects with similar temperature e.g. CO and CO2.

Methane in emission in the spectrum for W1935 (Faherty et al. 2024, Nature).
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L’Heureux+2024 (in prep.)
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Methane in emission in the spectrum for W1935 (Faherty et al. 2024, Nature).
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Complementary JWST Cycle 1 GO 2302 (PI: 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, Suárez et al. (2024, Nature)
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Methane in Emission
Faherty, Burningham, Gagné, Suárez et al. (2024, Nature)

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, Suárez et al. (2024, Nature)

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.

Diversity of Cold Exoworlds with JWST Genaro Suárez (gsuarez@amnh.org) 5 / 11



Mid-infrared Prediction from Temperature Inversion
Suárez et al. (2024a, in prep.)
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Mid-infrared Prediction from Temperature Inversion
Suárez et al. (2024a, in prep.)
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The retrieved spectrum with inversion predicts weaker mid-infrared water, methane, and am-
monia features.
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Mid-infrared Prediction from Temperature Inversion
Suárez et al. (2024a, in prep.)

The retrieved spectrum with inversion predicts weaker mid-infrared water, methane, and am-
monia features.
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Mid-infrared Prediction from Temperature Inversion
Suárez et al. (2024a, in prep.)

The retrieved spectrum with inversion predicts weaker mid-infrared water, methane, and am-
monia features.
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Modern atmospheric models face significat challenges to explain the SED.
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Disequilibrium Chemistry or Youth?
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Disequilibrium Chemistry or Youth?

3.0 3.5 4.0 4.5 5.0
Wavelength ( m)

101

102

103

104

F
 +

 o
ffs

et

W1711  (Teff 819 K)

W0415  (Teff 725 K)

W0146  (Teff 621 K)

W0751  (Teff 546 K)

W0535  (Teff 518 K)

W1935  (Teff 489 K)

W2220  (Teff 482 K)

W1541  (Teff 441 K)

W1405  (Teff 435 K)

W0825  (Teff 416 K)

W2354  (Teff 391 K)

W0503  (Teff 374 K)

NH3 CH4 CO2 CO H2O

Diversity of Cold Exoworlds with JWST Genaro Suárez (gsuarez@amnh.org) 7 / 11



Disequilibrium Chemistry or Youth?
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Disquilibrium chemistry significantly influences the ≈4.1–5.0 µm range.
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Disquilibrium chemistry significantly influences the ≈4.1–5.0 µm range.
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Disquilibrium chemistry significantly influences the ≈4.1–5.0 µm range.

Surface gravity may also affect the IRAC CH2 range but not as much as disequilibrium
chemistry.
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The Most Comprehensive SED of An Extrasolar Atmosphere
Alejandro Merchan, Faherty, Suárez et al. (2024, in prep.)
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The Most Comprehensive SED of An Extrasolar Atmosphere
Alejandro Merchan, Faherty, Suárez et al. (2024, in prep.)

Other comprehensive SEDs of substellar atmospheres:

VHS 1256 b (Miles et al. 2023) and HN Peg B (Suárez et al. 2021).
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The Most Comprehensive SED of An Extrasolar Atmosphere
Alejandro Merchan, Faherty, Suárez et al. (2024, in prep.)

Diversity of Cold Exoworlds with JWST Genaro Suárez (gsuarez@amnh.org) 8 / 11



Retrieval Analysis of the Comprehensive SED
Hood et al. (2024, submitted)
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Retrieval Analysis of the Comprehensive SED
Hood et al. (2024, submitted)

Precise constraints on major chemical abun-
dances, isotopologues, and physical parame-
ters.
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Forward Modeling of the Comprehensive SED
Suárez et al. (2024b, in prep.)
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Forward Modeling of the Comprehensive SED
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Non-equilibrium chemistry is favored.
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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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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.

Thanks for listening!
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