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Results	
  

Prospects	
  

The	
  search	
  for	
  exoplanets	
  has	
  resulted	
  in	
  
discoveries	
  of	
  a	
  large	
  number	
  of	
  low-­‐mass	
  
and	
  small	
  planets	
  that	
  can	
  be	
  rocky.	
  

We	
  have	
  developed	
  a	
  theore+cal	
  framework	
  
to	
  compute	
  disk-­‐integrated	
  spectra	
  of	
  airless	
  
rocky	
  exoplanets	
  that	
  self-­‐consistently	
  treats	
  
reflec+on	
  of	
  stellar	
  radia+on	
  and	
  planetary	
  
thermal	
  emission.	
  
We	
  used	
  the	
  laboratory	
  measured	
  reflectance	
  
for	
  endmember	
  minerals	
  in	
  the	
  USGS	
  Digital	
  
Spectral	
  Library	
  (Clark	
  et	
  al.	
  2007)	
  and	
  the	
  
RELAB	
  Spectral	
  Database	
  (2010).	
  
We	
  extended	
  the	
  laboratory	
  measured	
  
reflectance	
  for	
  any	
  incidence	
  and	
  scaKering	
  
angles	
  using	
  a	
  radia+ve	
  transfer	
  model	
  for	
  
planetary	
  regolith	
  (Hapke	
  2002).	
  

Ø Silicate	
  surfaces	
  lead	
  to	
  unique	
  features	
  in	
  
planetary	
  thermal	
  emission	
  at	
  the	
  mid-­‐
infrared	
  wavelength	
  due	
  to	
  strong	
  Si-­‐O	
  
vibra+onal	
  bands	
  (7	
  –	
  13	
  μm	
  and	
  15	
  –	
  25	
  μm).	
  
Ø The	
  loca+on	
  of	
  the	
  emissivity	
  maxima	
  at	
  the	
  
short-­‐wavelength	
  edge	
  of	
  the	
  silicate	
  feature	
  
(7	
  –	
  9	
  μm)	
  can	
  be	
  used	
  to	
  dis+nguish	
  different	
  
kinds	
  of	
  silicates.	
  
Ø Planetary	
  reflectance	
  spectra	
  in	
  the	
  near-­‐
infrared,	
  if	
  observable,	
  will	
  allow	
  
characteriza+on	
  of	
  specific	
  surface	
  types	
  
including	
  mafic	
  minerals,	
  water	
  ice,	
  and	
  
hydrated	
  silicates.	
  

The	
  silicate	
  features	
  in	
  the	
  planetary	
  thermal	
  
emission	
  are	
  observable	
  via	
  transits	
  for	
  hot	
  
super-­‐Earths	
  around	
  nearby	
  low-­‐mass	
  stars.	
  

	
  

	
  

	
  

	
  

	
  

	
  

The	
  surface	
  features	
  in	
  reflec+on	
  will	
  be	
  
detectable	
  with	
  future	
  space-­‐based	
  direct-­‐
imaging	
  facili+es.	
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Ø Degeneracy	
  between	
  rocks	
  
and	
  vola+les	
  in	
  the	
  planetary	
  
mass-­‐radius	
  rela+onship	
  
prevents	
  iden+fica+on	
  of	
  rocky	
  
exoplanets	
  in	
  some	
  cases.	
  
Ø Characteriza+on	
  of	
  rocky	
  
surfaces	
  on	
  exoplanets	
  is	
  
instrumental	
  for	
  our	
  
understanding	
  of	
  the	
  interior	
  
and	
  the	
  evolu+on	
  history	
  of	
  
low-­‐mass	
  exoplanets.	
  	
  

We	
  here	
  propose	
  that	
  characteriza+on	
  of	
  
solid	
  surfaces	
  of	
  exoplanets	
  is	
  possible	
  via	
  
infrared	
  spectroscopy.	
  

Poten+al	
  Crustal	
  Composi+ons	
  of	
  Rocky	
  
Exoplanets:	
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Metal−rich (403K)
Ultramafic (368K)
Feldspathic (336K)
Basaltic (385K)
Granitoid (340K)
Clay (324K)
Ice−rich silicate (370K)
Fe−oxidized (394K)

Atmosphere-less Rocky Exoplanet at 1 AU from a Sun-like Star
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Simulated	
  
observa+ons	
  
with	
  a	
  1.2-­‐m	
  
space	
  telescope	
  
of	
  an	
  exoplanet	
  
having	
  a	
  
granitoid	
  surface	
  
at	
  0.006	
  AU	
  from	
  
an	
  M5	
  star	
  at	
  10	
  
pc	
  (courtesy	
  of	
  
Joy	
  van	
  Boekel).	
  	
  


