
Atmospheres of Exoplanets

Yuk L YungYuk L. Yung

Division of Geological and Planetary Sciences, California Institute of Technology, USA

KISS Pasadena, Nov 10, 2009



Today’s OutlineToday’s Outline

Compare with our planets

Today s OutlineToday s Outline

Compare with our planets
H2O, CO, CO2, CH4
H d b ?Hydrocarbons?
Sulfur, Nitrogen species?
Lessons from solar system
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Model atmosphereModel atmosphere





Atomic Hydrogeny g

H Production
high H/H2 ratio

H2O Production
g 2

H2O + hν → H + OH
OH + H2 → H2O + H

CO + hν → C + O
O + H2 → OH + H
OH + H2 → H2O + H

Net: H2 + hν → 2H Net: CO + 2H2 + hν →
C + H2O + 2H



HD209458bHD209458b



Hydrocarbonsy

CO + hν → C + O

CH4 Production

CO  hν → C  O
C + H2 + M → 3CH2 + M
2 3CH2 → C2H2 + 2H
C2H2 + H + M → C2H3 + M
C H + H C H + H b ttl kC2H3 + H2 → C2H4 + H
C2H4 + H + M → C2H5 + M
C2H5 + H → 2CH3
CH3 + H + M → CH4 + M

bottleneck

3 4



2×[CO + hν → C + O]
2×[C + H2 + M → 3CH2 + M]
3CH2 +  3CH2→ C2H2 + 2H
C2H2 + H + M → C2H3 + MC2H2 + H + M → C2H3 + M
C2H3 + H2 → C2H4 + H
C2H4 + H + M → C2H5 + M
C2H5 + H → 2CH3
2×[ CH3 + H + M → CH4 + M]
2×[ O + H2 → OH + H]
2×[ OH + H2 → H2O + H]
2×[ H + H + M → H2 + M]2 [ H  H  M → H2  M]

net 2CO + 3H2 → CH4 + 2H2O
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Properties of hot planetsProperties of hot planets

• Radiative lifetime varies as T-3

• Chemical lifetime could as exp(-B/T)

• Transport time varies as R/U





SuperearthsSuperearths

• GL 581c

• GL 581d





Kasting 
1996



C l iConclusions
Common photochemistry: hundreds of molecules, 

thousands of reactions

Similar Processes: Catalytic cycles, evolution, 
hydrodynamic escape, thermal inversiony y
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Properties of HD 209458bProperties of HD 209458b

• “Best known” planetBest known  planet
– First discovered transiting planet (Henry et al. 2000)

– First atmosphere detection (Charbonneau et al. 2001)p
– First exosphere detection (Vidal-Madjar et al. 2003)

• Orbiting HD 209458 G0V-type star
– ~0.05 AU or 3.5 days

• Inclination angle ~85°
• Radius 1.54 RJ and mass 0.68 MJ





Chemical processesChemical processes

• Chemical composition different from thatChemical composition different from that 
of Jupiter

CO and H O are abundant; CH not abundant– CO and H2O are abundant; CH4 not abundant
• UV radiation a lot more enhanced

C b k l l– Can break up more molecules
– Boost subsequent chemical reactions

• Performing photochemical calculation for   
HD 209458b



One-dimensional photochemical 
model

• Solving mass continuity equationSolving mass continuity equation
–

– zziizzii wnKDTnKDnKDn
+

++∂
−+−+

∂
−= ])1([)()( αϕ

ii
ii LP

zt
n

−=
∂
∂

+
∂
∂ ϕ

– Kzz = K0×n-γ, γ ≈ 0.5
T t fil f th h i l

iii
atmi

izzii wn
Tz

n
HH

nKD
z

+
∂

++
∂

= ][)()(ϕ

• Temperature profile from thermochemical 
calculation

• Chemical reactions from for example Yung and• Chemical reactions from, for example, Yung and 
DeMore (1999)


