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The hydrogen corona : Formation and 
interactions	
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The hydrogen corona : 3D Simulations	
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The hydrogen corona : 3D Simulations	
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The hydrogen corona : 3D Simulations	
  
	
  

q Thermal	
  exospheric	
  density	
  from	
  
velocity	
  distribu&on	
  at	
  the	
  collisional	
  
-­‐	
  collisionless	
  boundary	
  (from	
  a	
  
cri&cal	
  al&tude	
  =	
  ~200	
  km	
  in	
  
al&tude).	
  

	
  
q Non	
  uniform	
  condi&ons	
  at	
  the	
  
exobase	
  

q Balis&c	
  and	
  Escape	
  par&cles	
  
	
  	
  
è No	
  balance	
  between	
  upward	
  and	
  
downward	
  flux	
  (inconsistent	
  with	
  
the	
  top	
  condi&on	
  used	
  in	
  the	
  GCM)	
   Vidal-­‐Madjar	
  and	
  Bertaux	
  1972	
  



Thermospheric hydrogen: comparison 
with 1D photochemical model	
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Comparison	
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  2010	
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The hydrogen corona : Diurnal Simulations	
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  Morning	
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Ls	
  =	
  0-­‐30°	
  

q Hydrogen	
  bulge	
  at	
  the	
  morning	
  side	
  produced	
  by	
  dynamics	
  of	
  the	
  
upper	
  atmosphere	
  

q Such	
  a	
  bulge	
  has	
  been	
  detected	
  on	
  Venus	
  (cf	
  my	
  Venus	
  talk)	
  
q Effect	
  on	
  the	
  Lyman-­‐alpha	
  brightness	
  not	
  proppr2onal	
  due	
  to	
  the	
  
large	
  op2cal	
  thickness	
  :	
  Need	
  to	
  be	
  studied	
  with	
  SPICAM/MEX	
  ;	
  
IUVS/MAVEN	
  observa2ons	
  

Chaufray	
  et	
  al.	
  2015	
  



The hydrogen corona : Diurnal 
Simulations	
  

	
  

q Below	
  ~	
  1000-­‐2000	
  km	
  exospheric	
  profile	
  defined	
  by	
  local	
  condi2ons	
  
q Above	
  ~	
  5000	
  km	
  	
  exospheric	
  profile	
  defined	
  by	
  «	
  average	
  »	
  
condi2ons	
  



The hydrogen corona : Seasonal 
Simulations	
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The hydrogen corona : Seasonal and Solar 
activity variations	
  

	
  

q Seasonal	
  vari&ons	
  of	
  H	
  at	
  
the	
  exobase	
  (~	
  200km)	
  link	
  
to	
  variaitons	
  of	
  the	
  
homopause	
  al&tude	
  
(Gonzalez-­‐Galindo	
  et	
  al.	
  
2009)	
  

q Decrease	
  of	
  the	
  hydrogne	
  
density	
  with	
  the	
  solar	
  
ac&vity	
  due	
  to	
  Jeans	
  escape	
  

q At	
  higher	
  (>	
  5000	
  km),	
  the	
  
exosphere	
  is	
  mainl	
  
controlled	
  by	
  the	
  
temperature	
  at	
  the	
  exobase	
  

è	
  Larger	
  density	
  near	
  Mars	
  
pericenter	
  	
  



The hydrogen corona : Seasonal Simulations	
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The hydrogen corona : EUV extreme cases 
(past conditions; solar flare...)	
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q  Large	
  hydrogen	
  escape	
  rate	
  under	
  H2	
  form	
  for	
  large	
  solar	
  EUV	
  flux	
  
q  Escape	
  rate	
  ~	
  diffusion	
  limited	
  flux	
  (~	
  1027	
  s-­‐1)	
  

Chaufray	
  et	
  al.	
  in	
  prepara4on	
  



The hydrogen corona : SPICAM/Mars 
Express observations	
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  al.	
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Escape	
  rate	
  ~	
  2x	
  1026	
  s-­‐1	
  



The hydrogen corona : Other evidence of 
seasonal variations	
  

	
  

q Magnetopause	
  closer	
  to	
  Mars	
  during	
  Ls	
  =	
  0	
  –	
  180°	
  than	
  Ls	
  =	
  180	
  –	
  360°	
  (Brain	
  et	
  al.	
  2005)	
  
q X-­‐ray	
  brightness	
  larger	
  during	
  solar	
  max	
  	
  &	
  Ls	
  =	
  301°	
  (Dennerl	
  et	
  al.	
  2002	
  ;	
  	
  2006	
  ;	
  Ishikawa	
  et	
  al.	
  

2011)	
  

Bertucci	
  et	
  al.	
  2013	
  



The hydrogen corona : Other evidence of 
seasonal variations	
  

	
  

BhaFacharyya	
  et	
  al.	
  in	
  prépara4on	
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Pic	
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  °	
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  :	
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Conclusion	
  
	
  

q  First	
  3D	
  &me	
  dependent	
  model	
  of	
  thermospheric	
  /	
  
exospheric	
  H	
  on	
  Mars	
  (full	
  H	
  cycle	
  included)	
  

q  Large	
  temporal	
  varia&ons	
  at	
  different	
  &me	
  scale	
  (local	
  
&me,	
  season,	
  solar	
  cycle)	
  

q  Seasonal	
  varia&ons	
  of	
  H	
  corona	
  observed	
  by	
  several	
  
independent	
  observa&ons	
  	
  

q  Need	
  to	
  compare	
  Model/Observa&ons	
  using	
  3D	
  radia&ve	
  
transfer	
  model	
  

q  Study	
  oxygen	
  escape	
  and	
  O/H	
  escape	
  ra&o	
  


