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Polar Cell

Ferrel Cell

Hadley Cell




Zonally averaged Temperature
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The impact of the Hadley cell
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Thermodynamics of the Hadley Cell

Temperature

Pressure



Thermodynamics of the Hadley Cell
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What about
synchronously rotating planets?



What about synchronously rotating planets?
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Expected dynamics on tidally locked planets

moist
ascending
region

Clouds

High albedo effect

High local greenhouse
effect
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Two prototypes of synchronous planets

Planet name Gl581¢c HD&85512b
Stellar luminosity L, [Ls] 0.0135 0.126
Stellar mass M, [M;] 0.31 0.69
Orbital semi-major axis a [AU] 0.073 0.26
Orbital period P,y [d] 13 58
Orbital eccentricity e 0-0.05 0-0.11
Mass M, [Mg] 6.25 4.15
Radius R, [Rs] 1.85 1.60
Surface gravity g [m s™?] 18.4 15.8
Earth
Stellar Flux F, [W/m?] 3300 2500 1366
Equilibrium temperature ~ Teqy [K] 317 296 255

Toqn = <<1—A)F*>”4
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Two prototypes of synchronous planets

Temperature maps (°C)

Gl 581 c HD 85512 b
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wind maps (m/s)

~4km Altitude

Near Surface
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Jets impede redistribution!

Leconte et al. (A&A, 2013a)

= = .
1% 1% c
o
wd
s s =
-
o O
M\ -
. . O (&)
lat s B .
O
c (4v)
Le) —
) ) (¢b)
& %m 1K whd
| ~ Ik 0
T i
x c
S s o <
1% 1% —
_ S —
S “ (4v]
X <t ) ) —
AN BING2 | & = Q
FONCIPIY Ny | — m
(7))
5 18 >
_ C
e (@]
. - =
S = mm hmw
£ S
c
g %
= = e
L ol |
: < G
0
5 &
= T g
= | E
'S v S v = |
> ¥ N T
(o) ®pnie| (o) ®pniie|

218619 921598 dH



Circulation regime on synchronous exoplanets
Showman & Polvani (2011)

«Eastward Jets pumped by the interaction of the mean
flow with planetary Rossby and Kelvin waves»

N HR N H
Lr, = P = L =
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H_mag N _cpT
r_ kB T1/2

mac/2 2Q R,
Mechanism too weak

L =(1.1 (G1581¢),) (2.5 (HD85512b)

Leconte et al. (A&A, 2013a)




wind maps (m/s)
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Does atmospheric dynamics
affect observables?
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Observed trends in emission temperature...

Aobs —

(Tb,day_Tb,nigh‘c)/Tb,day

=
o

O
o)

O
o

<
1N

o
N

O
o

che

POV . .AHO> O <«

HD 189733Db
WASP-43Db
HD 209458Db
HD 149026b
WASP-14b
WASP-19Db
HAT-P-7b
WASP-18b
WASP-12b

1000 1500 2000 2500
Equilibrium Temperature (Kelvin)

Hotter planets
have bigger day/night
temperature contrasts

Komacek & Showman (2016)



...Explained by atmospheric dynamics
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What implications for transit spectroscopy?
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Opening angle of the transmission region (limb)

Equivalent Temperature (K)
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HD 209458 b
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Opening angle of the transmission region (limb)

Temperature maps for GJ1214b (transit photosphere)
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Need a 3D radiative transfer tool

Caldas, Leconte, et al. (A&A, 2019)
Falco et al. (A&A, 2021)



Computing transit spectra... in 3D

Transmittance maps (at every wavelengths)
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Possibility to test chemical(dis)equiliorium
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Possibility to test chemical(dis)equiliorium
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y (km)

What if there Is also a chemical day-night contrast
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Global Climate Models



“Global Climate Models” : an ambitious goal :
Building “virtual” planets behaving like the real ones, on

the basis of universal equations

Observations
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—quations of motion
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Dedicated GCM’s for e
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MQfCUfy applications
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Building a «generic» global climate model




Building a «generic» global climate model




Building a «generic» global climate model

y
5

- P |
- 1y g ne
O "
=
. - '
o y
e .
~

i

4 Radiative transfer
for an arbitrary
atmosphere and star
+
cloud radiative
effects

3D Hydrodynamical
core

'
- - ® . % .
7 e ' Y
~ '}f - ) D
AN
pe
e

e
i o

. Turbulence z , 4
andt_ l? Surface and atmospheric
convection condensation

@ (clouds; minor/major species)
Ground thermal inertia




Goals of the Hand’s on Training session
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What people do: sanity check
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What we are gonna do
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A real blind analysis like in real life



But let’s make It interesting
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But let’s make It interesting




What we are gonna do

Rp = 0.09:38

0.250
0245
T[K] = 453.87:18384 ‘g
& HL'W & 0240
o
— L n
z s e z
. & E 0.235
® 79618
'bQ log(H,0) = =7.96*333
& — 0.230
: '

% .

1.0 11 1.2 1.3 1.4 15 1.6 1.7 1.8
Wavelength [um]

log(H,0)
K4 \)'J \‘:0

N
Yo

log(CHga) = —7.83*31%

T

log(CHg)
NUN
K4 )'J ‘fo ‘-')S o~o

N
Yo

log(NH3) = —8.18*35%
o

log(NH3)
N
s Yo % %

N
9, %0, 2,7,

0

log(CO,) = =7.45*3 3

I,r’“‘x

"
.

log(CO,)
K4 \"\S \":o \eS o

N
Yo

(CO) = —7.94433

.y

'k,\

1og(CO)
\)'S \\?0 \‘?\? 0‘0

0

N
Yo

109(Peiouds) = 0.87*18]

o

o

=

o

109(Pciouds)
o

SLLOBO D O D0 D 0P 0D 0P D0 DD D60 ® S doPe Y1 S A —_
oo S

Ro TIK " logH:0)  log(CH)  log(NH)  log(CO;)  log(CO) 109(Paioucs)

A real blind analysis like in real life



But it was not intense enough

'THE WORLD OF




Teams

% District 1: William Pluriel -
Achrene Dyrek - Natalia
Rektsini

% District 3: Tiziano Zingales
- Maria Chiara Maimone

% District 5: Amelie Gressier
- Christian Wilkinson

% District 7: Arianna Saba -
Gianluca Cracchiolo

% District 2: Lucas Teinturier
- Monika Stangret

* District 4: Michelle Bieger
- Bocchieri Andrea

* District 6: Billy Edwards -
Anastasia lvanova -
Jaume Orell-Miquel

% District 8: Jack Skinner -
Emilie Panek



Teams (2)

* District 1: William Pluriel -
Achrene Dyrek

% District 3: Tiziano Zingales
- Maria Chiara Maimone

% District 5: Amelie Gressier
- Christian Wilkinson

% District 7: Arianna Saba -
Gianluca Cracchiolo

% District 2: Lucas Teinturier
- Monika Stangret

* District 4: Michelle Bieger
Bocchieri Andrea - Natalia
Rektsini

* District 6: Billy Edwards -
Anastasia lvanova -
Jaume Orell-Miquel

% District 8: Jack Skinner -
Emilie Panek



Installing and running the GCM



Installing the GCM

* Go to: https://forge.oasu.u-bordeaux.fr/jleconte/ares_tutorial

* Follow the README in the base directory to setup your
environment

* cloning the repository
* setting up python
* Go to the GCM directory and follow the README there



Choosing your planet

* P surf
* Composition

* Rstar (nOt impOrtant for the - Mugas, R/Cp

GCM) ‘ - Radiqtiye properties (k-
* Totar b AA ., coefficients)
_ ¥ * Ry (rad)
N * Gravity
»
7 * Omega
| p 4 = Rossby number
* Surface (Albedo, Inertia)
* daysec * Resonance ratio (nres)
* year day * Flux at Substellar point
(Fat1AU)

* Semi_major_axis
* peri_day
* obliquity

% Orbital parameters



Compiling for the right resolution

“*copy firstcase to simu1 and go there.
ssetup_compiler
*arch file (depends on your cluster)
*number of longitudes (32)
*number of latitudes (32)
*number of vertical levels (20)
*number of radiative bands (3 and 3)
“*./compile.sh



Initializing the planet

% Planet start

* Psur

* Ry (rad)

* Gravity

= Mugas

= R/cp

* daysec

* Omega

* year_day

* Semi_major_axis

* peri_day

% obliquity

% Surface (Albedo, Inertia)

* |nitial temperature
% ./init.sh



Initializing the run

% callphys.def “* run.def
* nres * nday
* jradia % iphysiq
* stelTbb * ecriphy
* corrkdir
* Fat1AU

day_step dynamical time steps per day
day_step/iphysiqg physical time steps per day
day_step/iphysig/iradia radiative time steps per day
day_step/ecritphy outputs per day

(but ecritphy must be a multiple of iradia*iphysiq)




