eciphering spectral features of
extra-solar planets

O KU LEUVEN

apping 3D climates in the
abitable zone of M dwarfs

Ludmila Carone(1), Rony
eppens(1), Leen Decin (2)

KU Leuven,

Centre for mathematical Plasma-
Astrophysics

(2) Institute of Astronomy




Seager 2013, Science

Hydrogen-

= Radial velocity Dry _ atmosphere
terrestrial  Earth-like planet

Transit planet
A Microlensing

Star

INTERNAL

HEAT

REQUIRED

Mass of star relative to Sun

0 0.1 1 10 100
Radius of orbit relative to Earth’s

eciphering spectral features of

Light blue: Kasting et al. 1993, Kopparapu et al. 2013
O Yellow: Zsom et al. 2013




165 full 3D climate simulations
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Rossby wave jets vs Direct circulation
(fast rotation,1d) » (slow rotation, 100d)
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Substellar point surface cooling
via direct circulation
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Direct circulation disrupted by
strong equatorial superrotation (Climatel)

Eq. Superrotation

Equator
Poles  (substellar point) Poles \".

nightside ni htsi::iE
Shielding by clouds over substellar point 9

Yang, Y. et al. 2014, 2013
also suppressed




Planet radius [REalth]

Direct

circulation
+ tropical -
2.2F-- Climate state -+ Climate state Ross?oy - Direct
blfurcI:atlonIII i b.IfL.Ir(.;a.tl.onl wave | ICIII'CLII|aItIIO|n
2% . L
1.8
'3
1.6
'S
1.4
®
1.2
1%
A S I R Y T L L WU
10 10 10°

Orbital

= Rotation period [days]




Rossby wave driven
climate state bifurcation |
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Rossby wave driven
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10°C

View on eternal day side (upper atmosphere)
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10°C

View on eternal day side (upper atmosphere)
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Conclusions

* Climate states of tidally locked planets at IHZ of M stars
can be dominated by Rossby waves

* Short rotation periods: <12 days

o 2 Climate states possible:
* Equatorial Superrotation
* High latitudes westerly jets

* Ultra short rotation period < 6 days

o 3 Climate states possible
* Two as above
* + mixed states

* Eq. superrotation 'kills' direct circulation cells and thus
efficient cooling of dayside

* Efficient surface friction =>High latitude jets state
pe— (5O €
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