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—quations of motion
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DS
I &
Dt «












Ptro = Peg = Ptro












Surface temperature

Latitude
o

00

7]

400}

350
300}

ASR, OLR (W m)

100

250}
200}
150}

F, =341 W m=
------------------------- 340
Temperature
Radiation limit P 1320
/,\A 1300 2
- 1280 ®
\ S
N o
é-' x
S
A

Absorbed radiation

Outgoing radiation

Leconte et al. (Nature, 2013)



\

Are\tRe winds really like thz

4

t?

=g

%







u
m
<
<
-
-
I
).
0
o
—

GODAS Wind Stress,

o
—

unit: dvne/

=

s
i

e Fa Al

s II1

1—)

o

n -~
gl ST, S .
—e N Y

”.

v

“u
\“:*
—r

v Y

) L
ﬁﬂ.ﬂﬁa....
ARET
LRATIT

RN

=i T

0?%\\&&8%

e
v o g

nmk¢¢‘¢¢ﬂw

sﬂ##ﬂ
RN st

it pa s
AL &

4

H (ol ol

att

4uhh\ﬂk&#§
<Pktkﬁ%$¢¢#i#%H

E VRTINS QVA#%H
AN "

>a¢w
)6*%

Nh*¢5f5¢¢$ﬁw$f¢¢

S ERWLI R
RN R

v¢¢ffff¢¢¢44tﬂee antl

*W«ay¢+¢..¢ruv ratd

AL LR Ry ,;4“
¢,erf¢¢44..$‘.+1*¢

3¢yarz¢¢¢;hv¢¢'v1vr3

Pt

8 VAR L iR
v‘¢+e%4¢¢rjhwwuwva4

»n.:.t:}%

,ﬁ& Y ?d#ﬁﬂ\ﬂkk&#*A d
.&W xw¢m%w4?m !

i ek .
b 3N

a2

—&—’—*d’d’f’fﬂ-’—*—*

- e o S T X AwE













Pressure force

/‘ Coriolis
/g

Pressure force




Pressure force

/‘ Coriolis
/g

Pressure force




Pressure force

/‘ Coriolis
/g

Pressure force




u
m
<
<
-
-
I
).
0
o
—

GODAS Wind Stress,

o
—

unit: dvne/

=

s
i

e Fa Al

s II1

1—)

o

n -~
gl ST, S .
—e N Y

”.

v

“u
\“:*
—r

v Y

) L
ﬁﬂ.ﬂﬁa....
ARET
LRATIT

RN

=i T

0?%\\&&8%

e
v o g

nmk¢¢‘¢¢ﬂw

sﬂ##ﬂ
RN st

it pa s
AL &

4

H (ol ol

att

4uhh\ﬂk&#§
<Pktkﬁ%$¢¢#i#%H

E VRTINS QVA#%H
AN "

>a¢w
)6*%

Nh*¢5f5¢¢$ﬁw$f¢¢

S ERWLI R
RN R

v¢¢ffff¢¢¢44tﬂee antl

*W«ay¢+¢..¢ruv ratd

AL LR Ry ,;4“
¢,erf¢¢44..$‘.+1*¢

3¢yarz¢¢¢;hv¢¢'v1vr3

Pt

8 VAR L iR
v‘¢+e%4¢¢rjhwwuwva4

»n.:.t:}%

,ﬁ& Y ?d#ﬁﬂ\ﬂkk&#*A d
.&W xw¢m%w4?m !

i ek .
b 3N

a2

—&—’—*d’d’f’fﬂ-’—*—*

- e o S T X AwE




Polar Cell

Ferrel Cell

Hadley Cell




Zonally averaged Temperature
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Eddy- driven JeT

In memory of Adém Showman
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Polar Cell

Ferrel Cell

Hadley Cell




Can we actually see it ?
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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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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
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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)
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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 =
: 22 2O R,
_kBT 2 92
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?



Expected dynamics on tidally locked planets

Hot
ascending
region

will depend on
atmospheric mass
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Expected dynamics on tidally locked planets

Hot
ascending
region

«o’ Cold
| subsiding

1 n : region
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Turbet et al. (2021)
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a Surface oceans
Temperate, water-poor atmosphere  (Yang et al.®" and Way et al.¥

Efficient thermal
cooling to space

Moist convective

——
=

Sunlight

Efficient reflection
of sunlight by clouds

Dayside tropospheric
cloud layer

~
.

b Drysurface
Hot, water-dominated atmosphere (This study)

Nightside
stratospheric
cloud layer

Sunlight

]
Efficient absorption of [
sunlight by water vapour |
AS
\ Efficient greenhouse
effect by clouds

g ----- Turbet et al. (Nature, 2021)
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Observed trends in emission temperature...
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Hotter planets
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Komacek & Showman (2016)



...Explained by atmospheric dynamics
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What implications for transit spectroscopy?
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WASP-121b
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Opening angle of the transmission region (limb)

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

Temperature maps for GJ1214b (transit photosphere)
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Caldas, Leconte, et al. (A&A, 2019)



Need a 3D radiative transfer tool

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



y (km)

What if there Is also a chemical day-night contrast

WASP-121b Temperature (K)
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Rp/Rs

What if there Is also a chemical day-night contrast
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