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Molecules as probes 

! Molecules are probes of  conditions, 
composition, & chemistry 

! The most powerful tool we have for 
characterizing exoplanet atmospheres 

! Potential biological significance  

! Possible precursors 

! biomarkers 
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– Characterizing the atmosphere – 
molecules: the story begins   



Molecules in a hot-Jupiter 
methane – an unexpected guest 

CH4 unexpected 
Grillmair et al. 2008 Nature 456, 767 

Swain, Vasisht & Tinetti 2008 Nature 452, 329 



Carbon Dioxide  (HD 189733b) 
 
Swain et al. 2009, Astrophys. Journ. Lettrs, 960, 114   

Dayside mixing rations 
•  H2O   0.1!1 " 10

-4 

•  CO   1!3 " 10-4 

•  CO2  0.1!1 " 10
-6 

•  CH4  # 1" 10
-7  

implies 0.5 # C/O # 1 
 

CO2 unexpected 



Localization:  

 

Nightside – we are working on it. 



HD 209458b dayside 
temperature/composition ambiguity 
 
 

Swain et al. 2009 ApJ 704, 1616 















10 m today 
WM Keck Observatory 

 
photo credit: WMKO  

42 m in 2020? 
ESO next generation telescope 

image credit: ESO  

60 x SNR 
3600 x resolution 



NESSI  
The New Mexico Tech Exoplanet 
Spectroscopy Survey Instrument 
• 1.1–2.4 µm “all at once” 

• Multi-object spectroscopy for 
calibration 

• Deployment on NMT 2.4 m 
Magdalena Ridge Observatory 

• Survey many exoplanets with 40 
nights/yr for NESSI observations 







New Capability 
Imaging Atmospheric Features 

Majeau et a.  ApJ submitted 

Color images of the planet 
surface are becoming available! 

Kawahara & Fuji 2011 



Five Myths: 
exoplanet spectroscopic 
characterization requirements 

• Transits  

• Bright targets  

• Large telescope  

• New instrument technology 

• Exceedingly difficult  

First  
ground-based spectroscopy 

First spectroscopy 

First light exoplanet 




