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  credit:	
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Orbital	
  plane	
  

Spin	
  axis	
  

Obliquity	
  

Solar	
  torque	
  on	
  
equatorial	
  bulge	
   Mo0on	
  of	
  

orbital	
  plane	
  

Cause	
  of	
  obliquity	
  	
  	
  	
  	
  	
  
varia0ons*	
  

*For	
  a	
  moonless	
  planet!	
  



Obliquity	
  varia0ons	
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  Small	
  for	
  Earth,	
  because	
  of	
  the	
  Moon	
  

aka	
  “Wobble”	
  



Climate	
  impact	
  



finding and Characterizing 
exoplanets with kepler 

Rodrigo Luger 
Graduate student 



Detecting planets in our solar system 

Planet! 

Planet! 

(EASY) 

hZp://denik.astronomy.cz/photo2/120317_kozarov_960.jpg	
  



Detecting Extrasolar planets 

Star (no planet) 



Detecting Extrasolar planets 

Star (With planet) 

(HARD) 





The kepler spacecraft 

Credit:	
  NASA	
  

hZps://en.wikipedia.org/wiki/Kepler_(spacecrab)	
  



Transit Lightcurves 



Anatomy of a transit 
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(unimportant statistics stuff) 

Big planet (0.1 R◉) 

Hot Planet (~1660 K) 

Circular Orbit 

Stuff about 
The star 

Orbital Period  
(~3 Days) 

Other planets? 

No moon 

Definitely a 
Planet 



Earth transiting the sun 



Characterizing	
  Exoplanet	
  
Environments	
  using	
  
Astronomical	
  Observa0ons	
  

Jacob	
  Lus0g-­‐Yaeger	
  
	
  

UW	
  Astronomy	
  &	
  Astrobiology	
  
Virtual	
  Planetary	
  Laboratory	
  



Saturn	
  



Saturn	
  

Earth	
  (You	
  are	
  here!)	
  



Saturn	
  

Earth	
  

How	
  much	
  can	
  we	
  learn	
  
about	
  a	
  planetary	
  

environment	
  from	
  afar?	
  	
  

(You	
  are	
  here!)	
  



Transi0ng	
  Exoplanets	
  
 

Observa0on:	
  
	
  
	
  
	
  
	
  
Measurement:	
  



Transi0ng	
  Exoplanets	
  

Observa0on:	
  
	
  
	
  
	
  
	
  
Measurement:	
  

 

 



Transi0ng	
  Exoplanets	
  

 



Transi0ng	
  Exoplanets	
  

 

Transmission	
  Spectroscopy	
  

What	
  causes	
  the	
  radius	
  of	
  a	
  planet	
  to	
  change	
  as	
  a	
  func?on	
  
of	
  the	
  wavelength	
  of	
  light	
  observed?	
  



Molecular	
  Absorp0on	
  



Molecular	
  Absorp0on	
  



Molecular	
  Absorp0on	
  

The	
  composi4on	
  of	
  the	
  planet	
  causes	
  observed	
  changes	
  in	
  
radius!	
  	
  



Fiing	
  a	
  model	
  to	
  data	
  

Model	
  vs	
  Data	
   Amount	
  of	
  water	
   Temperature	
  

Discovering	
  the	
  underlying	
  physical	
  environment	
  that	
  gives	
  
rise	
  to	
  an	
  observa?on	
  

Ini4al	
  Condi4ons	
  



Fiing	
  a	
  model	
  to	
  data	
  

Model	
  vs	
  Data	
   Amount	
  of	
  water	
   Temperature	
  

Discovering	
  the	
  underlying	
  physical	
  environment	
  that	
  gives	
  
rise	
  to	
  an	
  observa?on	
  

Best	
  Fi;ng	
  Solu4on	
  





Eddie’s	
  Research:	
  Astronomical	
  
Biosignatures	
  &	
  Habitability	
  Markers	
  

Some	
  of	
  my	
  projects	
  
•  Detec0ng	
  N2	
  in	
  planetary	
  

atmospheres*	
  
•  Non-­‐photosynthe0c	
  pigments	
  

as	
  biosignatures	
  
•  Phase-­‐resolved	
  spectral	
  Earth	
  

(Earth	
  through	
  a	
  Lunar	
  
Month)*	
  

•  Spectral	
  modeling	
  of	
  diverse	
  
planetary	
  atmospheres*	
  

•  TOOLS:	
  Radia0ve	
  transfer	
  
model,	
  VPL	
  Earth	
  model,	
  
climate	
  model,	
  
photochemistry	
  code	
  

VPL	
  Tasks	
  



Biology	
  Has	
  Changed	
  Our	
  Atmosphere	
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The	
  VPL	
  Earth	
  Model	
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Transmission	
  Spectrum	
  of	
  an	
  Earth	
  
around	
  an	
  M	
  dwarf	
  

Atmosphere	
  chemical	
  profile	
  from	
  Segura	
  et	
  al.	
  2005	
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Earth	
  around	
  an	
  M	
  dwarf:	
  Simulated	
  
JWST	
  Observa0on	
  

NIRISS	
   NIRSPEC	
  

Noise	
  calcula0on	
  courtesy	
  of	
  Drake	
  Deming,	
  UMD	
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Detec0ng	
  Habitability	
  

Robinson	
  et	
  al.	
  2010,	
  2014	
  



Detec0ng	
  N2	
  and	
  the	
  Bulk	
  Atmosphere	
  

Schwieterman	
  et	
  al.	
  2015;	
  coefficients	
  from	
  Lafferty	
  et	
  al.	
  1996	
  

Figure	
  credit:	
  	
  
Geoffrey	
  Toon	
  
	
  

MkIV	
  Sounding	
  
balloon	
  with	
  
interferometer	
  



Valida0on:	
  (N2)2	
  directly	
  detected	
  in	
  Earth’s	
  disk-­‐integrated	
  spectrum	
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Schwieterman	
  et	
  al.	
  2015b,	
  ApJ	
  



Simulated	
  N2	
  Radiance	
  Spectra	
  

Schwieterman	
  et	
  al.	
  2015b,	
  ApJ	
  



Simulated	
  N2	
  Transmission	
  Spectra	
  

Schwieterman	
  et	
  al.	
  2015b,	
  ApJ	
  


