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1 year ≈ 25 minutes
 also means I’m not necessarily crediting originators 

of ideas

This is not a pedagogical talk
 see Fortney’s “Modeling Exoplanetary Atmospheres: An 

Overview”, arXiv:1804.08149
 (also related Atmospheric Physics and Observing Techniques 

reviews by Grassi and Sing, respectively)

 I’m biased

Feel free to “and a comment” during the Q&A, to 
promote papers I’ve left out
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not observations
my 3D bias
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near-photospheric pressures, ~1 mbar – 1 bar
NOT tenuous, evaporating layers
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nod to observations
bias: gaseous, hot, transiting



Hot Jupiters, [“Normal”] Jupiters, Young Jupiters, 
Non-Jupiters …



 Do we have the “standard” hot Jupiter circulation correct?
 What is the dynamical mechanism at work? (Hammond & 

Pierrehumbert 2018)

 What about sub-grid physics (shocks, dissipation)? (Ryu et al. 2018)

 Do the “standard” equations work for warm, slowly rotating mini-
Neptunes/super-Earths? (Mayne et al. 2018) 

 How does dynamical mixing depend on all the things? (Zhang & 
Showman 2018a,b; Menou 2018)

 Dynamical variability/oscillations in brown dwarfs and Jupiter-like 
planets? (Showman et al. 2018)



Exotic (?) physics



Arcangeli et al. (2018)

Featureless spectra: H- opacity



• Dissociated H, metals, 
and Fe are important 

opacities
• Create temperature 

inversions 
(too hot for TiO/VO)

Kitzmann et al. (2018) … and see Hoeijmakers et al. (2018)

Lothringer et al. (2018)

“standard” 
opacities

+SiO & 
metal 

hydrides

+Fe 
& H-

+all 
PHOENIX 
opacities



Parmentier et al. (2018)

Bell & Cowan (2018)



    🤷

Rogers (2017)

Rauscher & Menou (2013)

log10( magnetic timescale )



Disequilibrium, photo-ionization



Bolton et al. (2017)

Jupiter



Bordwell et al. (2018)





Mendonça et al. (2018)
CO2 H2O   CO   CH4
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Mendonça et al. (2018)
CO2 H2O   CO   CH4

Steinrueck et al. (2018)

Drummond et al. (2018a,b)
8 micron Spitzer band

Assumed chemical equilibrium               Relaxation chemistry scheme



What are those aerosols?



KCl cloud
prediction
retrieved aerosol level

Ohno & Okuzumi (2018)

Gao & Benneke (2018)

KCl and ZnS clouds 
GJ 1214b data

Comparing predictions to data



Powell et al. (2018)

Titanium clouds
Silicate clouds
Total mass density of clouds



Tan & Showman (2018)



Roman & Rauscher (2018)



Lines et al. (2018)

12 
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He et al. (2018)
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He et al. (2018)



Marching toward “Earth-like”





* But maybe hot Jupiters too?
thermal tides: Auclair-Desrotour & LeConte (2018a,b)
empirical constraints: Flowers et al. (2018)



Rauscher (2017)



Penn & Vallis (2018)

Slow Fast

S
yn

ch
ro

n
ou

s
N

o
t



Komacek & Abbot (2019)

Around a Sun-like host
(another table for M dwarf host)



Understanding dynamical regimes
Ultra-hot Jupiters
Chemistry
Clouds
Smaller and/or cooler planets

Feel free to “and a comment” during the Q&A, 
to promote things I’ve missed


