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Example	  of	  colliding	  winds	  

–  Massive	  star	  winds	  in	  binaries	  
–  Stellar	  wind	  on	  the	  atmospheric	  escape	  of	  an	  hot	  jupiter	  
–  Stellar	  winds	  on	  the	  interstellar	  medium	  
–  Solar	  wind	  on	  the	  Earth	  magnetosphere	  
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•  AGB	  Star	  R	  Hydrae	  in	  the	  far	  
infrared	  

Ueta	  et	  al	  2006	  



Atmospheric	  escape:	  HD209458b	  

•  Vidal-‐Madjar	  et	  al.	  2003	  

–  ~10%	  absorpTon	  of	  the	  stellar	  Lya	  
spectrum	  

–  AbsorpTon	  at	  high	  velociTes	  (+/-‐	  
100	  km/s)	  
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Charge	  exchange:	  HD209458b	  

•  Holmström	  et	  al.	  2008	  

–  Charge	  exchange	  processes	  
–  Hf

+	  +	  Hs
0	  	  ➞	  Hs

+	  +	  Hf
0	  

Hf
+:	  Fast	  ionized	  hydrogen	  in	  the	  
solar	  wind	  

Hs
0:	  Slow	  neutral	  hydrogen	  in	  the	  
planetary	  wind	  

Hf
0:	  Fast	  neutral	  hydrogen	  in	  the	  
mixing	  layer	  
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Hf
0	  

Hs
0	  

 	  But	  assume	  no	  shocks	  and	  a	  subsonic	  solar	  wind	  at	  50	  km/s	  



Solar	  wind:	  Data	  and	  Parker	  soluTon	  
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•  Sheeley	  et	  al	  1997	  

•  At	  r	  =	  10	  R*	  (0.05	  au):	  



Planetary	  wind	  model	  

•  Murray-‐Clay	  et	  al.	  2009	  

–  Standard	  planetary	  wind	  model	  driven	  by	  the	  stellar	  UV	  flux	  
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At	  r	  =	  4	  Rp:	  



Cooling	  processes	  

Solar	  wind:	  

•  Thermal	  conducTvity	  (Spitzer	  1953)	  

–  	  	  

–  	  	  

–  	  	  

•  Hydrodynamic	  Tmescale:	  

  Isothermal	  solar	  wind	  at	  	  

T=	  10⁶	  K	  
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Planetary	  wind:	  

•  Lya	  cooling	  rate	  at	  7000	  K	  	  

•  Hydrodynamic	  Tmescale:	  

  Isothermal	  planetary	  wind	  at	  	  

T=	  7000	  K	  

  SimulaTons	  with	  	  



Neglected	  effects	  

•  Coriolis	  force	  
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•  MagneTc	  field	  Weber	  &	  Davis	  1967	  

At	  r	  =	  0.05	  au	  (10	  R*):	  	  



Ttre	   •  3D	  simulaTons	  

•  2D	  simulaTons	  

•  Semi-‐analyTc	  
soluTon	  for	  bow	  
shocks	  

•  Plan-‐parallel	  order	  
of	  magnitude	  
esTmaTon	  
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Order	  of	  magnitude	  esTmaTon	  

•  Mixing	  by	  Kelvin	  Helmholtz	  instabiliTes	  

•  Charge	  exchange	  cross	  secTon:	  

•  Lya	  opacity	  at	  line	  centre:	  	  

•  EsTmaTons:	  
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Contact	  
disconTnuity	  



2D	  structure	  of	  the	  interface	  	  
Outer	  shock	  
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Contact	  disconTnuity	  

Inner	  shock,	  
perpendicular	  
momentum	  balance	  

	  	  	  	  	  	  Stevens	  et	  al	  1992	  

4	  Rp:	  plane	  
parallel	  limit	  



2D/3D	  simulaTons,	  HERACLES	  

•  texte	  
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2D/3D	  simulaTons,	  Charge	  exchange	  

•  Passive	  scalars	  advected	  to	  the	  flow	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  in	  solar	  wind	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  in	  planetary	  wind	  

•  Charge	  exchange	  process	  Hf
+	  +	  Hs

0	  	  ➞	  Hs
+	  +	  Hf

0	  
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2D	  simulaTon,	  post	  processing	  Lya	  spectra	  

•  Opacity	  for	  Lya	  line:	  

•  Doppler	  shil:	  

•  Thermal	  broadening:	  	  
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Results	  
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200x200	  2D	  cartesian	  t=1.2E6	  s	   Fast	  Neutral	  hydrogen	  
abondance	  

Outer	  shock	  	  	  	  	  	  contact	  disconTnuity	  	  	  inner	  shock	  

2R*	  



Results	  

•  Steady	  state	  ?	  
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200x200	  2D	  cartesian	  t=6.0E6	  s	   10002	  2D	  cartesian	  t=1.2E6	  s	  



Results	  

•  AbsorpTon	  spectra	  
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200x200	  at	  different	  Tme	  



Results	  

•  AbsorpTon	  spectra	  
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Different	  resoluTons	  at	  t=1.2E6	  s	  



Conclusion	  

•  We	  obtained	  Lya	  absorpTon	  spectra	  due	  to	  charge	  exchange	  
processes	  in	  2D	  HD	  simulaTons	  

•  Upcoming	  :	  magneTc	  field,	  3D	  
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