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A little about me…
•  Dr. Shannon Curry
–  Research Scientist at UC Berkeley Space 

Sciences Laboratory (SSL)
–  PhD at University of Michigan (go blue)
–  Study the atmospheres of weakly 

magnetized planets 
–  Joined the MAVEN team in 2013
     for my postdoc
–   Joined the NEXSS team to study   

exoplanets in 2015



 Life needs: 1) nourishment

*This	
  is	
  not	
  true	
  or	
  to	
  scale-­‐	
  life	
  needs	
  nourishment	
  in	
  the	
  form	
  of	
  6	
  elements:	
  carbon,	
  
hydrogen,	
  oxygen,	
  phosphorus,	
  nitrogen,	
  sulfur	
  



Life needs:

2) Energy 3) Water…liquid water



How do we know there was water?



How do we know there was water?



So which planets have/had liquid water?

•  Earth

•  Mars

•  Venus (had)

•  Europa (moon of Jupiter)

•  Enceladus (moon of Saturn)

•  Ganymede (moon of Jupiter)...probably

•  Ceres (dwarf planet between Mars and Jupiter)



So which planets have/had liquid water?
V habitable zone 

•  Earth

•  Mars

•  Venus (had)

•  Europa (moon of Jupiter)

•  Enceladus (moon of Saturn)

•  Ganymede (moon of Jupiter)...probably

•  Ceres (dwarf planet between Mars and Jupiter)



What is responsible for liquid water?
•  Habitable zone = the range of orbits around a 

star within which a planetary object can sustain 
liquid water given sufficient atmospheric pressure
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Terrestrial atmospheres



What affects a planetary atmosphere?
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What affects a planetary atmosphere?

Interiors	
  (outgassing)	
  +	
  Impacts	
  







MAVEN

CREDIT:	
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Atmospheric escape at Mars



H is escaping from Mars today via Jeans escape 

H escape is limited by lower atm. 
chemistry and transport:
•  Indirect, steady H2 source 

predicted by McElroy (1972).
•  Direct H2O source likely required 

to explain large and variable H 
escape.�
[Chaffin+2014, Clarke+2014]

MAVEN  image  of  
Mars  H  corona

[Chaffin+2015]




Oxygen escape at Mars
Photochemical 
escape
•  O2

+ + e- à O + O
•  Highest escape 

fluxes early in 
mission when EUV 
irradiance was 
highest, then 
decreases as Mars 
moves away from 
the sun and the 
solar EUV 
diminished.



Oxygen escape at Mars

Pickup ion escape
•  Neutral ions at high 

altitudes gets ionized (lose 
an electron) and are swept 
away by the electric fields 
that are driven by the solar 
wind

Sputtering
•  Pickup ions collide with 

lower atmosphere and 
‘splash’ out neutrals

Dong	
  et	
  al.	
  2015	
  



Atmospheric escape 
at Venus
•  The same escape 

processes occur
•  Similar but thicker CO2 

atmosphere
•  O escape via ion outflow, 

photochemical escape, 
sputtering

•  H escape via Jeans
•  But the temperature / 

radiation at Venus has 
always been extreme!

Lundin	
  et	
  al	
  2011	
  



Background fields
Mars                             Venus

AGU	
  2013	
   21	
  

Magnetic field B 
contours in the 
equatorial plane 

with stream 
traces

Bulk flow U 
contours in the 
noon/midnight 

plane with 
electric field E 

vectors
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Curry	
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  2014	
  



Historical loss rates:

Venus!
- Early oceans 
could have 
driven more 
clouds, which 
would cool the 
surface and 
make it 
habitable (Way 
et al 2016)

Mars!
- Atmospheric 
loss suggests 
that Mars was 
in fact a 
warmer, wetter 
climate 
(Jakosky et al 
2017)

Courtesy	
  of	
  Dave	
  Brain,	
  LASP	
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Habitable zone 
can change
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Jupiter’s �
moon:�
Europa



Jupiter’s �
moon:�
Ganymede



Enceladus: moon of Saturn



Enceladus



Titan





Exoplanets



What can we learn form our solar system?



Exoplanet transits



How do we see an atmosphere?

Transmission spectrum
 
Emission Spectrum 







Spectrum





First transmission spectrum

Charbonneau	
  et	
  al	
  2002	
  



Trappist system



Transmission spectrum of Trappist 1b and 1c

de	
  Wit	
  et	
  al	
  2016	
  



JWST



TESS



TESS



Pale Blue Dot



“It	
  has	
  been	
  said	
  that	
  astronomy	
  is	
  a	
  humbling	
  and	
  
character-­‐building	
  experience.	
  There	
  is	
  perhaps	
  no	
  
beZer	
  demonstraVon	
  of	
  the	
  folly	
  of	
  human	
  conceits	
  
than	
  this	
  distant	
  image	
  of	
  our	
  Vny	
  world.	
  To	
  me,	
  it	
  
underscores	
  our	
  responsibility	
  to	
  deal	
  more	
  kindly	
  
with	
  one	
  another,	
  and	
  to	
  preserve	
  and	
  cherish	
  the	
  
pale	
  blue	
  dot,	
  the	
  only	
  home	
  we've	
  ever	
  known.”	
  	
  	
  	
  

	
  –	
  Carl	
  Sagan	
  


