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Non-thermal escape from Mars 

Chassefière et al. (2013, JGR) 

O,C,N …  
So Heavy~ 
Temperature is very low~  

Could not escape from thermal process~ 
I need more energy to escape! 

Lammer, Chassefière et al. 
 (2012, Space Science Reviews) 
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Dissociative Recombination (DR) 

𝑶𝟐
+ + 𝒆 → 𝑶( 𝑫) + 𝑶( 𝑫)𝟏 + 𝟑. 𝟎𝟔 𝒆𝑽    47.3% 𝟏  

𝑶𝟐
+ + 𝒆 → 𝑶( 𝑫) + 𝑶( 𝑷)𝟑 + 𝟓. 𝟎𝟐 𝒆𝑽    20.4% 𝟏  

𝑶𝟐
+ + 𝒆 → 𝑶( 𝑷) + 𝑶( 𝑷)𝟑 + 𝟔. 𝟗𝟗 𝒆𝑽    26.5% 𝟑  

𝑪𝑶𝟐
+ + 𝒆 → 𝑪( 𝑷) + 𝑶𝟐( ∑𝒈)𝟑 + 𝟐. 𝟐𝟗𝒆𝑽       4% 𝟑  

𝑪𝑶𝟐
+ + 𝒆 → 𝑶( 𝑷) + 𝑪𝑶( ∑𝒈)𝟏 + 𝟐. 𝟐𝟗𝒆𝑽    94% 𝟑  

𝑪𝑶+ + 𝒆 → 𝑶( 𝑷) + 𝑪( 𝑷)𝟑 + 𝟐. 𝟗𝒆𝑽    76.1% 𝟑  

𝑪𝑶+ + 𝒆 → 𝑶( 𝑷) + 𝑪( 𝑫)𝟏 + 𝟏. 𝟔𝟒𝑽    14.5% 𝟑  

𝑪𝑶+ + 𝒆 → 𝑶( 𝑫) + 𝑪( 𝑫)𝟏 + 𝟎. 𝟗𝟑𝑽   9.4% 𝟏  
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Fox and Hać (2009) 

Grid: 20% mean free path or 1km 
Background species: O,C,CO2,CO 
Total Cross Section: 6.4,9.0,20,18 (× 10-15) cm2 



Results 



Main Conclusions 

Photochemical escape of O and 
C from early Mars 

Less 
important 

than 
previously 

thought 
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global 
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Future Work 

• Martian Corona: Oxygen, Carbon 

• Martian Atmospheric Evolution 

• Atmospheres of Exoplanets 

MAVEN 
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Density distribution (Neutrals) 

 

Fox and Hac´  (2014, ICARUS) 

Exobase~244km 

Exobase~189km 



Temperatures and Number Densities 

Tian et al. (2009, GEOPHYSICAL RESEARCH LETTERS) 


