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Phase	
  curves	
  
A	
  classical	
  problem	
  in	
  planetary	
  science	
  

2	
  

Arking	
  &	
  Po,er,	
  JAS,	
  1968	
  

Model-­‐theory	
  comparisons.	
  
	
  
Rule	
  out	
  a	
  few	
  configuraGons	
  (e.g.	
  gas	
  atmosphere)	
  

What	
  is	
  the	
  informaGon	
  content	
  of	
  the	
  curve?:	
  
1)  max	
  brightness	
  (α≈0),	
  Ag	
  
2)  shape:	
  Model-­‐observaGon	
  comparisons	
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nr:	
  Primary	
  rainbow??	
  



Venus	
  phase	
  curves	
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Arking	
  &	
  Po,er,	
  JAS,	
  1968	
  

reff	
  ~	
  1.05	
  μm;	
  ϖ0	
  ~	
  1	
   þ

ý	
  H2SO4	
  �	
  H2O(l)	
   nr	
  (Venus;	
  ~1.45)	
  >	
  nr	
  (H2O;	
  ~1.33)	
  

These	
  are	
  key	
  constraints	
  on	
  cloud	
  microphysics	
  and	
  composi4on!!	
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Venus	
  phase	
  curves	
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  García	
  Muñoz,	
  Pérez-­‐Hoyos	
  &	
  Sánchez-­‐Lavega,	
  AAL,	
  2014	
  	
  

I.	
  Forward	
  sca,ering.	
  
II.	
  Glory.	
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Venus…	
  Earth,	
  Titan,	
  …	
  

5	
  Both	
  Ag	
  &	
  Φ(α)	
  contain	
  unique	
  unique	
  info	
  on	
  the	
  planet	
  atmosphere	
  

Venus	
  
Earth	
  
Titan	
  
LamberGan	
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Kepler-­‐7b	
  
A	
  phase	
  curve	
  dominated	
  by	
  reBlected	
  starlight	
  

6	
  

ObservaGons	
  from	
  Demory	
  et	
  al.,	
  ApJL,	
  2013	
  

Our	
  best	
  fijng	
  phase	
  curve	
  

Adapted	
  from	
  García	
  Muñoz	
  &	
  Isaak,	
  submiAed	
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Kepler-­‐7b	
  
Perturbation	
  in	
  cloud	
  optical	
  thickness	
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τref	
  
τref	
  	
  x	
  2	
  
τref	
  	
  x	
  1/2	
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Average	
  uncertainty	
  on	
  data	
  point	
  



Kepler-­‐7b	
  
Perturbation	
  in	
  particle	
  effective	
  size	
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Moderately	
  asymmetric	
  
Asymmetric	
  
Nearly	
  isotropic	
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ParGcle	
  sca,ering	
  	
  
phase	
  funcGon	
  



Kepler-­‐7b	
  
Perturbation	
  in	
  single	
  scattering	
  albedo	
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ϖ0	
  =	
  1;	
  conservaGve	
  
ϖ0	
  =	
  0.98	
  
ϖ0	
  =	
  0.90	
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RefracGve	
  index,	
  nr	
  +	
  i	
  ni	
  



Some	
  Binal	
  thoughts	
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OpGcal	
  phase	
  curves	
  can	
  constrain	
  atmospheric	
  properGes:	
  
	
   	
   	
   	
  Both	
  GOOD	
  op*cal	
  +	
  NIR	
  data	
  are	
  needed.	
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fref:	
  oren	
  rely	
  on	
  ‘template’	
  (Lamber4an)	
  phase	
  curve	
  shape.	
  	
  
ImplicaGons	
  for	
  e.g.	
  planetary	
  mass	
  (Mislis	
  et	
  al.,	
  A&A,	
  2012)	
  

SeparaGng	
  the	
  planet	
  &	
  star	
  signals	
  of	
  integrated	
  photometry:	
  


