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~20% of the exoplanets 
discovered to date are hot Jupiters
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0.05 AU is an extreme environment

Star

hot Jupiter
~0.05 AUUV

LUV ~ 10-6 Lbol

• hot Jupiters probably formed further 
out and migrated in

• once parked, they are bathed in UV 
radiation



UV Photoionization Heating Drives a 
Thermal (Parker) Wind

star hot Jupiter

wind



HD 209458b: 
A transiting hot Jupiter

HST transit light curve

Brown et al. 2001

Henry et al. 2000, Charbonneau et al. 2000

1.5% dip



Observations suggest that UV heating 
might cause hot Jupiters to lose mass

Neutral H in an extended atmosphere around 
HD 209458b may have been detected. 

Vidal-Madjar et al. 2003

Ben-Jaffel 2007



The Equations

Momentum:

Mass continuity:

Energy:

Ionization equilibrium:
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Solved using a relaxation code
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Teff ≈ 1300K 
1 bar surface of planet

Photoionization base (τUV = 1)

Sonic point

Roche lobe radius

exobase

Rp ~ 1010 cm 

1.1 Rp

2-5 Rp 

4.5 Rp 

mean free path = scale height

Twind ≈ 10,000 K 

H2

H, H+

 hydrodynamic wind



Hydrodynamic Wind Model
FUV = 450 erg/cm2/s

hν0 = 20eV

Mp = 0.7 MJ

Rp = 1.4 RJ

ρbase = 4x10-13 g

Tbase = 1000 K

fbase = 10-5

τsp = 0.0046



Hydrodynamic Wind Model
FUV = 450 erg/cm2/s
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Hydrodynamic Wind Model
FUV = 450 erg/cm2/s

Photoionization is balanced by 
gas advection not radiative 

recombination

Tadvect ~ Rs/cs ~ 104 s

Trecombine ~ 1/nα ~ 106 s



Integrated mass-loss rate:

(Lammer et al. 2003; 
Baraffe et al. 2004, 2005)

! 1-3 × 1012 g/sṀ ∼ 1010 g/s



Dependence on UV Flux

Ṁ =
πFUV(3RP)3

GMp

ionization energy

Lyα cooling

ionization
radius

εFUV 1RP

xx
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Ly α Line Center

integrated ~10 km/s thermal broadening
centered on wind velocities of ~20 km/s

100 km/s-100 km/s

Ly α Absorption by the Planetary Wind



Vidal-Madjar et al. 2003
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The wind cannot generate enough absorption at 
±100 km/s to reproduce measurements of HD 209458b, 

but it may produce ~5% unresolved absorption.



NASA NASA

What about the stellar wind and the 
planetary magnetic field?
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Our mass loss 
rates are 

upper limits 
confinement by the 

stellar wind 



Stevens, Blondin, & Pollock 1992

colliding stellar winds

Hydrodynamic instabilities in colliding winds could 
generate high-velocity neutral hydrogen



Hydrodynamic Wind Model
FUV = 5x105 erg/cm2/s

hν0 = 20eV

Mp = 0.7 MJ

Rp = 1.4 RJ

ρbase = 8x10-13 g

Tbase = 1000 K

fbase = 10-5

τsp = 0.01



wind

star hot Jupiter



Conclusions

• Hot Jupiters lose mass in the form of hydrodynamic winds 
driven by stellar UV heating.

• The mass loss rate for HD 209458b is < 5x1010 g/s.  The planet 
will lose <1% of its mass over its lifetime.

• We predict that at line center, stellar Lyα and Lyβ is completely 
obscured during transit.

• Atmospheric escape does not significantly alter the masses of 
hot Jupiters

• 3D simulations of the interactions between stellar and 
planetary winds in hot Juipter systems are needed


