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Some Hot Jupiters Have Thermal Inversions in Upper Atmospheres

Data from Borucki+ 2010

Model optical flux
of HAT-P-7b

Kepler Band

H2 (P 0.05, k'=0.4)
H3 (P 0.10, k'=0.7)
H4 (P 0.10, k'=1.1)

Why so bright in the optical?
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Some Hot Jupiters Have Thermal Inversions in Upper Atmospheres

Data from Borucki+ 2010 Data from Christiansen+.2010

Model optical flux Model IR spectra of HAT-P-7b
of HAT-P-7b
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H4 (P 0.10, k'=1.1)

Bright in the optical and also in IR...
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Some Hot Jupiters Have Thermal Inversions in Upper Atmospheres

Model optical flux | Model IR spectra of HAT-P-7b
of HAT-P-7b
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Can infer thermal
inversions!

See also Hubeny+ 2003,
Fortney+ 2008,
Madhusudhan & Seager
2009, 2010.

Model T-P profiles
of HAT-P-7b
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Some Hot Jupiters Have Thermal Inversions in Upper Atmospheres

| Kepler Band

Model optical flux
of HAT-P-7b
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H2 (P 0.05, k'=0.4)
H3 (P 0.10, k'=0.7)
H4 (P” 0.10, k'=1.1)

Model IR spectra of HAT-P-7b
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inversions!

See also Hubeny+ 2003,
Fortney+ 2008,
Madhusudhan & Seager
2009, 2010.
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Model T-P profiles
of HAT-P-7b

1600 1800 2000 2200 2400 2600 2800 3000 3200
T (K)




Suggestion: Some hot Jupiters have thermal inversions caused by TiO
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Suggestion: Some hot Jupiters have thermal inversions caused by TiO
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We'd expect previous plot to look like this with more data:
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It actually looks like this with more data:
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Madhusudhan & Seager 2010)

10”7

10°
Planet Mass




—

—i
o

—h
o
o

%))
~~
QV
&
O
~~
(@)
S
()
o
()
v
fd
-
@)
O
S
©
O)
fd
(7p)
@)
-
wn
fd
Qv
LL

Monday, May 9, 2011

It actually looks like this with more data:
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Suggestion: Some EGPs have
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thermal inversions caused by TIiO &
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Why does this

predicted relationship
(apparently) not hold?
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Why does this

predicted relationship
(apparently) not hold?

Hypothesis: TiO is not responsible
for inversions, because:
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Why does this

predicted relationship
(apparently) not hold?

Hypothesis: TiO is not responsible
for inversions, because:

|. TiO is a heavy molecule
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Why does this

predicted relationship
(apparently) not hold?

Hypothesis: TiO is not responsible
for inversions, because:

|. TiO is a heavy molecule

2. Titanium condenses below the hot
upper atmosphere
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Why does this

predicted relationship
(apparently) not hold?

Hypothesis: TiO is not responsible
for inversions, because:

|. TiO is a heavy molecule

2. Titanium condenses below the hot
upper atmosphere

3. Night-side condensation
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- = =40% solar TiO
— Solar TiO

The Cold Trap Effect
T-P profiles for models of HD 209458b

and Condensation Curves
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fTio at a millibar
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fTio at a millibar
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Are these values of
K., reasonable!?




fTio at a millibar
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Are these values of
K., reasonable!?

Unclear. Showman+ 2010
models suggest Vvert ~ 10 m/s,
so if Kzz ~ (Hp)(Vvert)/3, then
Kzz ~ 10'9 cm?/s. (Butis 1/3
the right multiplying factor?)




fTiO at a millibar
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— HD 209458b
HD 149026b
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OGLE-TR-56b
WASP-12b

Are these values of
K., reasonable!?

Unclear. Showman+ 2010
models suggest Vvert ~ 10 m/s,
so if Kzz ~ (Hp)(Vvert)/3, then
Kz ~ 10! cm?/s. (Butis 1/3
the right multiplying factor?)

Might lead to over-inflation via
“The Mechanical Greenhouse”

(Youdin & Mitchell 2010)

AS [kg/mp]
1

Kz it [cm?/s]




Non-monotonicity in Kepler-band-

integrated flux vs. opacity (k')

Kepler—-band-integrated HAT-P-7b models
= Kepler-band-integrated TrES-2 models
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Spiegel+ 2010

Albedos: GJ436b Models
P =0.0; 30x solar
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P = 0.0; 30x solar

Pressure of Tx=2/3 Photosphere
GJ436b Models
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See collection of models at:

http://www.astro.princeton.edu/~dsp/exoneptunes/
http://www.astro.princeton.edu/~burrows/neptune/index.html

P _OO 30x solar
P =05
P =04
P =03
P =02
P =0.1
P =0.0

T—-P Profiles
GJ436b Models
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T (K)

Models include different metallicity,
different host stellar types, different
distances from stars.

(Supersolar models calculated with
Pressure and Entropy reflecting the
effect of higher metallicity.)
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Rauscher 3D model of HD209458b with a thermal inversion 0.1 mbar, 3 bar

Burrows, Rauscher, Spiegel, & Menou 2010



