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Atmospheres
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Atmospheres

Formation
Mechanisms
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Atmospheres
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Atmospheres Miles et al. 2022
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Atmospheric escape

: HST/UVIS ultraviol
Photochemistry “HST/UVIS ultraviolet
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Chemical equilibrium

Adapted from Nikku Madhusudhan 2019 e,
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Atmospheres

Molliere et al. 2022

Atmospheric occurrence of formation tracers in H — He — dominiated atmospheres
H,O  condense (cond) dissociate (dis)
CH, cond chemically disfavored (chem)
s
CO chem dis Q
CO, chem dis O
C,H, chem dis
HCN chem dis 2
NH; cond W chem =
H,S cond TN 00 dis
PH; cond 7@ T chem
A
Na cond - ionize (ion) §
K cond B 020202020200 ion ;_
Refractory clouds settle - evaporate &
Gaseous SiO chem dis %’
Metal oxides chem dis ‘5’-
Metal hydrides chem NS dis g
Metal atoms chem - ST ion
Metal ions recombine B
100 500 1000 1500 2000 2500 3000 3500 4000
Temperature (K)* *also depends on log(g), [Fe/H], T;,,, K,,, cold trapping ...
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Atmospheres
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Formation Mechanisms

For Gas Giants (at wide orbits)
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Formation Mechanisms

Star
Formation

ESO
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Formation Mechanisms

Gravoturbulent
Fragmentation

Padoan & Nordlund 2005

COBREX WEEK - BANYULS SUR MER

Gravitational Instabilities

Boss 1997

Core (Pebble) Accretion

Pollack 1996 10au
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Formation Mechanisms

Morbidelli — Les Houches exoAtmospheres School
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planet-planet
scattering

Giant exoplanets
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Atmospheres
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Time & Evolution

How do the formation environment and evolution history
impact the atmosphere and spectral sighatures?

Location of formation C/O Accretion of (other) solids

Accretion of solids Dynamical interactions
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Time & Evolution
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Time & Evolution

COBREX WEEK - BANYULS SUR MER
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Few examples ...
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. ' B Pictoris

HIP 65426

AB Pic

HR 8799
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B Pictoris b
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19

GRAVITY Collaboration: M. Nowak et al. 2020

Parameter
C/O
Distance

Lerr

log(g)
eCC

Value
0.44
11 au

1700 K

4.3 dex
0.15

03/10/2022 - 07/10/2022



B Pictoris b

GRAVITY Collaboration: M. Nowak et al. 2020

Flux (107 W m™2 pym™)

o
o
1

e
o

i
o

-
Sy

=2
o
1

b
ot
1

petitRADTRANS scattering + clouds retrieval (GRAVITY + GPI fit)

+  GPI'Y (Chilcote+17)

| le‘"

.

GPI J (Chilcote+17)

S

1.0

1.9

T =1742+ 16 K
C/0 =044 R

[Fe/H] = 0.66°3%, M ;

log

- 0.16
sed — 2'78—0.22 Kzz

o 0.17
0, = 2.017,

2.0

2.1

2.2
Waveld

C/0O ratio

Parameter Value
C/O 0.44
GPI H (Chil — itRADTRANS .
(Chilcote+17) petit D|Stance 11 au
(e 1700 K
-lfrﬁ.”“%"“h w»‘ log( g ) 4.3 dex
il ™
A LYV ecc 0.15
0.9
—— Formation within of the H,O iceline
0.8 —— Formation between CO, and H-,0 icelines
0.7 -
0.6
0.5 A
C/O estimate
0.4 -
0.3 -
0.2 — — .
109 101! 102 103

Mass of accreted solid (Mgarth)

COBREX WEEK - BANYULS SUR MER

A 03/10/2022 - 07/10/2022




HIP 65426 b

Parameter Value
C/O <0.55
Distance 92 AU
Terr 1560 K
log(g) 4.4 dex

COBREX WEEK - BANYULS SUR MER

S. Petrus et al. 2020
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S. Petrus et al. 2020
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HR 8799 bcde

Near 1:2:4:8 Coplanar Low-e Dynamically Stable Coplanar

'_'2 | 1 1 ’_2 I 1 I
2 1 0 -1 2 2 1 0 -1 3
RA Offset (arcsec) RA Offset (arcsec)
COBREX WEEK - BANYULS SUR MER 24

Parameter
C/O
Distance
Mass

[M/H]

Wang et al. 2018

b C e
0.61 0.65 0.6
69.5 au 37.6 au 15.3 au
5.8 M]up 7.2 M]up 7.2 M]up

- - 0.48
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Time & Evolution Molliére et al. 2022
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Time & Evolution Molliére et al. 2022
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Time & Evolution Molliére et al. 2022

Disk chemical evolution
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Time & Evolution Molliére et al. 2022

Disk chemical evolution
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Time & Evolution

Exoplanet spectrum Atmospl.le.nc
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Composition

Molliere et al. 2022

¢ = (O/H,C/H,N/H,Fe/H, Si/H,P/H,S/H, ...)

Formation parameters

/

P(¥|C, M) =

Model

P(9|M)P(C|9, M)

P(C|M)
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Molliere et al. 2022

log(C/H)
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Molliere et al. 2022
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Molliere et al. 2022

HR 8799 e
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Molliere et al. 2022

HR 8799 e
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Time & Evolution Molliere et al. 2022

Disk composition and structure Disk chemistry

Unknown disk elemental abundances Chemical evolution of disk
Available solid reservoir

Disk (thermal) structure Inherited or ‘reset’ disk abundances
Cosmic ray ionization and stellar irradiation

Refratory carbon depletion in inner disk
Planetary back-reaction on disk

Planet formation

Include pebble drift & evaporation at icelines Pebble and planetesimal accretion

Planet bulk — atmosphere coupling 3-d planet accretion

Metallicity gradient inside planet

Planet migration

Atmospheric evolution
Evaporation Leveraging full complexity of formation model

Infall of comets / asteroids Planet formation by gravitational instability
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Time & Evolution Molliere et al. 2022

Disk composition and structure Disk chemistry
Unknown disk elemental abundances :
Available solid reservoir
Disk (thermal) structure - ) disk abundances
ation and stellar irradiation

ion of disk

depletion in inner disk
Planetary back-reaction on |

Include pebble drift & evap

Planet bulk — atmosphere co
Metallicity gradient inside p

Atmospheric evolution

Evaporation omplexity of formation model

Infall of comets / asteroids Planet formation by gravitational instability
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Atmospheres
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Th&SINFONI Library
& others...
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The SINFONI Library
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X 24

/ X 13 X 11
— _J
v
Ages: 1 - 30 Myr .
r ° °
T, 1500 - 2500 K AB Doradus, S Pic, Carina, Taurus,
Masses: 5 - 70 M, L Tucana & Upper Scorpius )

Distance: < 150 pc
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It’s time to prepare models and theories for the coming years of great data.
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