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Sub-Neptunes are in a degenerate mass-radius and metallicity space
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Trying to understand the composition of sub-Neptunes
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Trying to understand the composition of sub-Neptunes
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Trying to understand the composmon of sub-Neptunes
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JWST confirms H2-dominated atmosphere and
detects CH4 and CO2 on K2-18b
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JWST confirms H2-dominated atmosphere and
detects CH4 and CO2 on K2-18b
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More SNR is needed to measure the H,O/CH, and
the mean molecular weight of the atmosphere
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JWST reveals that sub-Neptunes have mixed envelopes with TOI-270d
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JWST reveals that sub-Neptunes have mixed envelopes with TOI-270d
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TOI-270d re-writes the rules:
only the coldest sub-Neptunes can have stratified/Hycean compositions
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TOI-270d re-writes the rules:
only the coldest sub-Neptunes can have stratified/Hycean compositions
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The next step: Study new sub-Neptunes that probe the transition
between mixed and stratified compositions
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The next step: Study new sub-Neptunes that probe the transition
between mixed and stratified compositions
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The LP 791-18 system:
Three planets around a late M dwart
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The LP 791-18 system:
Three planets around a late M dwart
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A rare sub-Neptune
around a late-M dwart!
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LP 791-18 c: An ideal sub-Neptune for transit spectroscopy
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JWST look at the temperate sub-Neptune LP 791-18 c
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JWST look at the temperate sub-Neptune LP 791-18 c
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NIRSpec/PRISM transit spectrum of LP791-18c
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A methane-rich, hazy atmosphere

16000 —
I — total —— NH3

: —_ CH4 —— CO2 i
153007 — H20 — CO .

- H2S ¥ LP 791-18c (PRISM) -
15600}

15400
15200}

15000

-
Q.
o)
=
47
Q
Q
Y
=
n
C
©
I_

14800

14600}

Wavelength [um]

Roy et al. in prep.




A methane-rich, hazy atmosphere
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A methane-rich, hazy atmosphere
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A methane-rich, hazy atmosphere

Reminiscent of Titan’s occultations with the spectrum
dominated by methane and hazes
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A methane-rich, hazy atmosphere

— total
—— CH4
—— H20

H2S

—— NH3
—— CO2
—— CO ]
@ LP 791-18c (PRISM) -

Wavelength [um]

CH4 detected at 40

At or above
the percent level

Roy et al. in prep.




o)
o)
c
-+J
o
O
T
=
n
-
O
I_
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Water is hard to see In
the presence of methane

Even If water is abundant,

the large abundance of methane
and the hazes make it very hard
to measure it




If CO2 was similarly abundant to K2-18b and
TOI-270d, we should see It.
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Where is the CO2?

A) The metallicity is low

CO2 not abundant
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Chemical Kinetics model
Met = 100 x solar
C/0 = 0.54 (solar)

Methane and water are already
very abundant, but the CO2 is not,
even with mixing.




Where is the CO2?

B) The metallicity and C/0O are high

Chemical Kinetics model
Met = 300 x solar
C/0 = 0.54 (solar)

For higher metallicities, the CO2
is abundant unless C/0O is high
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Where is the C0O27?

B) The metallicity and C/0O are high

High C/O

Mixed layer
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Chemical Kinetics model
Met = 300 x solar
C/0 = 0.54 (solar)

For higher metallicities, the CO2
is abundant unless C/0O is high




Conclusions:




=== Planet Formation (C & M 2020)
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=== Planet Formation (C & M 2020)
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A.LP 791-18 ¢
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JWST revealed a CH4-rich, hazy atmosphere
on the temperate sub-Neptune LP 791-18c.

An important example of the diversity in sub-Neptune compositions, and of the need for
high-SNR transmission spectra in the endeavor to characterize these metal-rich atmospheres.
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JWST revealed a CH4-rich, hazy atmosphere
on the temperate sub-Neptune LP 791-18c.

An important example of the diversity in sub-Neptune compositions, and of the need for
high-SNR transmission spectra in the endeavor to characterize these metal-rich atmospheres.

£
Q
Q
<
)
Q
)
©
=
(2]
=
o
I_

Wavelength [um]

real

umont Thank you!



Backup: No apparent stellar contamination
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Backup: Could it be a Hycean world?

LP 791-18c

N

Is it cold enough?

e No CO2 or CO in the
upper atmosphere

e Based on the work from the
Pierrehumbert team, we do not
expect water to condense
(Pierrenumbert et al. 2023,

Innes et al. 2023)

* Especialy if the atmosphere Hycean scenario
Is metal-rich is unlikely
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