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The first HR diagram: 1908

[Courtesy of Leos Ondra]
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The last HR diagram: 1908+110
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Brown Dwarfs: ~2000

10

12

18

[Saumon & Marley 2008]

| IC L | L
- M dwarfs
- (metal hydrates: FeH
- Alkali metals: Na, K)
- I ‘ T + \_
_ T dwarf - - + _
(H,0, CO, =T
_I ] | <rl ] | l 1 1 1 | ] ] |1 ] I_

—1 0

J—K

|
1 2



Brown Dwarfs: ~2000 + 10

Thermo-chemical instability

Not clouds

[Tremblin et al. 2016]
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BD + Self-luminous planets
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[Kepler et al. 2018]
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BD + Self-luminous planets
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PDS70b spectrum: Clouds
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PDS70b spectrum: ChemKM
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Water is everywhere...
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Spitzer — IRAC channels

Exo-Transmit Transmission Spectra
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[Claire Baxter & J. M. Désert 2018 in prep.]

2500

2000

1500, 8

1000

500



Spitzer — IRAC channels

: o
| ® 2500
! ®
4®
"N
'\ o 2000
@
| @
- -
’ % 1500, %
I Q
| o =
| ®
: @
P~ ®
> 1000
o |
o :
@ |
@ :
0 i 500
@ .
—~0.10 —0.05 0.00 0.05

(Och2 — Och1)/Ocn1

[Claire Baxter & J. M. Désert 2018 in prep.]



Spitzer — IRAC channels
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Spitzer — IRAC channels
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Spitzer — IRAC channels
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Spitzer — IRAC channels

Issues: models cluster around zero

Large uncertainties of observations
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Spitzer - emission
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Spitzer - emission
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Spitzer - emission
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C/O is important! And we knew it!

To name a few:
Fortney et al. 2005

Seager et al. 2005
Fortney et al. 2008

[Madhusudhan 2012]
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C/O is important! And we knew it!
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C/O is important! And we knew it!

petitCODE

T = 1250 K, condensation
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C/O is important! And we knew it!
petitCODE
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Let’'s extract more info
from the spectra!
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Spectral Decomposition
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Spectral Decomposition: Example
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Transitional C/Os: Four spectral classes
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Transitional C/Os: Four spectral classes

~Full condensation
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Transitional C/Os: Four spectral classes

~Full condensation
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Transitional C/Os: Four spectral classes
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Transitional C/Os: Four spectral classes

~Full condensation
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Transitional C/Os: The beta factor
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Transitional C/Os: The beta factor
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Transitional C/Os: all
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Transitional C/Os: all
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~Summary

* Four classes of irradiated planets

* C/O<1 = water-dominated atmosphere
C/O>~1 |= methane-dominated atmosphere

« Methane: 800k-1500k with C/O>0.7
Madhusudhan’s prediction: C/O>0.8 for more than 50%
of hot-Jupiters
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Transitional C/Os: log(kzz)=12
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Transitional C/Os: Example

(C/O)¢r
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Transitional C/Os: Example
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