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UNIVERSITY OF

Y Shared Repository
f . Code: UM, JULES (land), SOCRATES (RT)
Met Office + Configurations & testing: ROSE Flexibility, speed,

robustness, process testing

Radiative Transfer: Correlated-K (2-stream), MIE+EMT scattering, Overlap (RO,EE),
Opacity [Exomol, HITEMP, HITRAN] + Spherical geometry

SOCRATES: open source (James Manners).
Hot Jupiters: Amundsen et al., (2014, 2016, 2017)




Hot Jupiter: Ro~1

B: Advection:
ENDGAME
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B: Gas Phase Chemistry
[Composition/Network/
Timescales]

C: Condensed Phase:
[condensates]

Emission/Transmission; ~1D
D: Radiative Transfer: Phase CUI’VE' ""2D

SOCRATES
[gas & condensate opacities,
stellar flux]

-> Self-consistent, higher resolution




Dynamics: Primitive->Shallow-Deep->Full [HD209458Db]

Jet: Pumping & Sensitivity

Jet robust: time, gravity, eguations (narrows-+weakens: Prim-= Full) [Mayne et al, 2014]
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-. Gas phase Chemistry: Equilibrium (Analytic/Gibbs) -> Relaxation -> Kinetics [HD209+189]

Chemical Abundances: 1D (ATMO, Kzz) [Drummond et al, 2016]
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Phase Curve: CH4/CO?

180 240

120
Phase angle [deg]

Cooper & Showman (2006): Vertical (3d*)
Agundez et al (2014): Horizontal (2d: chemistry*)
Drummond et al (2018, inprep): BOTH (3d*, RT*)

3D flow sets CH4 abundance (Drummond et al, 2018)




Chemistry: Equilibrium (Analytic/Gibbs) -> Relaxation -

Chemical Abundances: 1D (ATMO, Kzz) [Drummond et al, 2016]
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Phase Curve: CH4/CQO?
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Chemistry (3D: RT, gas phase, CE+CO/CH4 relaxation)
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Chemistry (3D: RT, gas phase, CE+CO/CH4 relaxation)
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Hot Jupiter: Ro~1

B: Advection:
ENDGAME
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B: Gas Phase Chemistry
[Composition/Network/
Timescales]

C: Condensed Phase:
[condensates]

Emission/Transmission; ~1D
D: Radiative Transfer: Phase CUI’VE' ""2D

SOCRATES
[gas & condensate opacities,
stellar flux]

-> Self-consistent, higher resolution




Condensed Phase: DIHRT (seed->mantle->gas phase->RT+scattering) [HD209458b/18973:

Visual/Optical Phase Curves: Opposite Offset, clouds?

Parmentier et al. (2016):
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Too cloudy, everywhere!!!!




- " wr O’-‘b
. i - ]

WASP-39 |

.__;h 60 ) m_‘__/ﬁﬂ-\__‘w/““‘m._,.:;_,f
~ | ' HD 20945&\\_‘*7 ,
i' 3 '""“'.-' M0 o . o Gl S H/H'
‘_P_ o e . _- ". "‘“‘*“/’M’\\—-ﬁ/ </
i | |
£ 50 i [ I X
-9 O '.'J l;) ° “‘Q‘)
I s ? l

¥ I
9 | HAT-P-01
m ¢ © ‘.‘ ol gy, N
& 40 o0 gl J,,-%l.'- o .
£ | T
o ?
T )
it oo 'z qu . WASP-31 .
P A o R
< TR 2 . 3
g i
2
0
e 20

10




Visual/Optical Phase Curves: Opposite Offset, clouds?
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Clouds (3D, RT, DIHRT, RT+scatterin
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Visual & IR phase curves
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Transmission Spectra: Physical Insight + JWST [Lines et al., submitted]
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EVOLUTION OF MNS DUE TO ATjsp
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-> Self-consistent, higher resolution
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Hot Jupiters [Dynamics connect deep -> Observable + Control Structure]:
- Radius inflation: advection & deep profile (1)
- Chemistry: 3D mixing+RT (2)
- Clouds: scattering cools -> banded (3)
- Too cloudy, and no visual offset (dampened w).
Future:
1) Chemistry: full chemical kinetics
2) Clouds: gas phase consistency, particles(?), more species (MnS, Fe)
3) Eddy-Sed vs DIHRT
4) Simulated Hires spectra -> Dynamical constraints

Terrestrial Planets-M-Dwarf, temperate planets:
- Tidally-Locked: Convection, clouds + rain = hot spot (1)
- Resonant, Eccentric: Hydro cycle -> Phase curve (2)
- Continent alters circulation (3)

Future:

2) High-res process studies.
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Figure 9. Normali functions (colour s
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f . Code: UM, JULES (land), SOCRATES (RT)
Met Office + Configurations & testing: ROSE Flexibility, speed,

robustness, process testing

Radiative Transfer: Correlated-K (2-stream), MIE+EMT scattering, Overlap (RO,EE),
Opacity [Exomol, HITEMP, HITRAN] + Spherical geometry

SOCRATES: open source (James Manners).
Hot Jupiters: Amundsen et al., (2014, 2016, 2017)
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Faint Young Sun
(e.g. Charney et al., 2014)

Glaciation vs
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-> Process Studies (Lambert)
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e>0.1 Warm enough! Boutle et al (2017)

Aguaplanet versus Continent?
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-> Process Studies (Lambert)
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Aguaplanet versus Continent?
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Hot Jupiters [Dynamics connect deep -> Observable + Control Structure]:
- Radius inflation: advection & deep profile (1)
- Chemistry: 3D mixing+RT (2)
- Clouds: scattering cools -> banded (3)
- Too cloudy, and no visual offset (dampened w).
Future:
1) Chemistry: full chemical kinetics
2) Clouds: gas phase consistency, particles(?), more species (MnS, Fe)
3) Eddy-Sed vs DIHRT
4) Simulated Hires spectra -> Dynamical constraints

Terrestrial Planets-M-Dwarf, temperate planets:
- Tidally-Locked: Convection, clouds + rain = hot spot (1)
- Resonant, Eccentric: Hydro cycle -> Phase curve (2)
- Continent alters circulation (3)

Future:

2) High-res process studies.



Jet: Pumping & Sensitivity

Jet robust: time, gravity, equations (narrows+weakens: Prim-> Full) [Mayne et al, 2014]
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Pumping:

t~1day: Matsuno-Gill
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Normalised Flux

Breakdown of the Primitive Equations?
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