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Are	
  hazy	
  earths	
  common?	
  

Anoxic,	
  methane-­‐rich	
  	
  
earths	
  may	
  be	
  common	
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Strongly	
  affect	
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  appearance	
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how	
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  affect	
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Earth	
  with	
  pCO2	
  =	
  0.018	
  bar,	
  1	
  bar	
  total	
  pressure	
  

Hazes	
  =	
  can’t	
  see	
  as	
  deeply	
  into	
  a	
  
planet’s	
  atmosphere	
  +	
  weaker	
  

absorp`on	
  features	
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haze	
  as	
  a	
  biosignature?	
  

At	
  Earthlike	
  CO2	
  levels,	
  esHmated	
  abioHc	
  
methane	
  producHon	
  rates	
  are	
  insufficient	
  to	
  

form	
  an	
  organic	
  haze	
  
	
  

Biological	
  fluxes	
  (102-­‐103	
  x	
  higher)	
  do	
  
produce	
  haze	
  for	
  Earthlike	
  CO2	
  

	
  
(Kharecha	
  et	
  al	
  2005,	
  Guzmán-­‐Marmolejo	
  et	
  

al	
  2013)	
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  (λ<0.28μm)	
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  with	
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  0.03	
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What	
  about	
  hazy	
  planets	
  	
  
around	
  other	
  stars?	
  

UV	
  spectral	
  energy	
  distribu`on	
  
mafers…	
  



UV	
  

UV-­‐visible-­‐NIR	
  

	
  
Archean	
  sun	
  
F2V	
  	
  
AD	
  Leo	
  



F2V	
  star:	
  oxygen	
  
radicals	
  from	
  H2O	
  and	
  
CO2	
  photolysis	
  destroy	
  
organic	
  haze	
  precursors	
  
	
  
Result:	
  no	
  haze	
  forms	
  

UV	
  

UV-­‐visible-­‐NIR	
  



AD	
  Leo:	
  intermediate	
  
UV	
  flux.	
  	
  Hazes	
  form,	
  
but	
  at	
  	
  higher	
  CH4/CO2	
  
raHo	
  (0.7)	
  than	
  the	
  sun	
  
(CH4/CO2	
  ~	
  0.2)	
  

UV	
  

UV-­‐visible-­‐NIR	
  



take	
  aways	
  

•  The	
  Archean	
  haze	
  cools	
  the	
  planet	
  but	
  not	
  
necessarily	
  below	
  habitability.	
  Haze	
  may	
  provide	
  
an	
  alterna`ve	
  UV	
  shield	
  to	
  ozone	
  

	
  
•  Organic	
  hazes	
  have	
  strong,	
  detectable	
  spectral	
  
features	
  at	
  short	
  and	
  MIR	
  wavelengths	
  

•  For	
  earthlike	
  planets,	
  organic	
  haze	
  =	
  biosignature?	
  	
  

•  The	
  spectrum	
  of	
  the	
  host	
  star	
  can	
  strongly	
  affect	
  
haze	
  produc`on	
  

	
  

	
  
	
  



Thank	
  you!	
  
	
  

Danke!	
  


