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IR	
  Space	
  telescopes	
  vs	
  Planetary	
  Science	
  (1)	
  

•  For	
  IR	
  space	
  telescopes	
  such	
  as	
  ISO,	
  Spitzer,	
  Hubble	
  Space	
  
Telescope,	
  Herschel,	
  Planetary	
  science	
  issues	
  are	
  usually	
  
a	
  secondary	
  goal	
  

•  Usually	
  large	
  main	
  belt	
  asteroids	
  are	
  observed	
  as	
  
“photometric	
  calibrators”	
  

•  Nevertheless,	
  high	
  number	
  of	
  publicaGon	
  in	
  high	
  impact	
  
factor	
  Journals	
  (1988-­‐2012:	
  420	
  papers)	
  	
  

•  Many	
  outstanding	
  results	
  were	
  obtained	
  	
  



•  MB	
  asteroids,	
  Centaurs	
  and	
  Trans	
  neptunians	
  science	
  	
  
–  Spitzer	
  51,	
  HST	
  62,	
  Herschel	
  15,	
  ISO	
  17	
  

•  Comets	
  study	
  
–  Spitzer	
  33,	
  HST	
  82,	
  Herschel	
  7,	
  ISO	
  13	
  

•  Dust	
  ring	
  discoveries	
  and	
  analysis	
  
–  Spitzer	
  1,	
  HST	
  14	
  	
  

•  Giant	
  planet	
  Atmospheres	
  study	
  
–  Spitzer	
  1,	
  HST	
  110,	
  Herschel	
  5,	
  ISO	
  10	
  

IR	
  Space	
  telescopes	
  vs	
  Planetary	
  Science	
  (2)	
  



41	
  citaGons	
  Nature	
  2011	
  



146	
  citaGons	
  

Science	
  2006	
  



Spica	
  vs	
  Planetary	
  Science	
  (1)	
  

Planetary	
  science	
  is	
  a	
  primary	
  science	
  goal	
  especially	
  
the	
  Kuper	
  Belt	
  Object	
  invesGgaGon	
  
•  DetecGon	
  of	
  	
  almost	
  all	
  known	
  KBOs	
  (those	
  with	
  diameters	
  >	
  

100	
  km)	
  in	
  only	
  ∼	
  50	
  hr	
  

•  DetecGon	
  of	
  bodies	
  as	
  small	
  as	
  ∼	
  10	
  km	
  
•  KBO	
  Spectroscopy	
  	
  



Spica	
  vs	
  Planetary	
  Science	
  (2)	
  
ScienGfic	
  objecGves	
  improvement	
  

•  MB	
  asteroids,	
  Centaurs	
  and	
  Trans	
  neptunian	
  science	
  	
  
–  Surface	
  mineral	
  composiGon,	
  physical	
  (e.g.	
  size,	
  mass,	
  orbital	
  

parameters,	
  albedo)	
  and	
  thermal	
  properGes	
  (inerGa,	
  beaming	
  
factor)	
  

•  Comets	
  study	
  
–  Coma,	
  tail,	
  nucleus	
  and	
  ejecta	
  invesGgaGons	
  	
  
–  dust	
  mineral	
  composiGon	
  
–  VolaGles	
  degassing	
  rate	
  	
  
–  Gas	
  isotopic	
  raGos	
  	
  

•  Dust	
  ring	
  discoveries	
  and	
  analysis	
  
–  Saturn	
  and	
  Jupiter	
  ring,	
  discovery	
  of	
  new	
  dust	
  ring/torus	
  (e.g.	
  

Mars)	
  
•  Giant	
  planet	
  Atmospheres	
  study	
  

–  Search	
  for	
  minor	
  organic	
  species	
  (Uranus,	
  Neptune)	
  



1.  Saturn largest ring study 
2.  Vesta investigations 
3.  Martian dust torus detection & study 

SPICA	
  future	
  observaGons:	
  three	
  examples	
  	
  



In	
  2009	
  Spitzer	
  serendipitously	
  observed	
  the	
  Phoebe	
  ring	
  of	
  
Saturn,	
  	
  a	
  huge	
  dust	
  ring	
  about	
  12.106	
  km	
  in	
  radius	
  and	
  
3.106	
  km	
  in	
  thickness	
  

Saturn largest ring study (1) 



The	
  infall	
  of	
  
ring	
  material	
  
should	
  be	
  
responsible	
  of	
  
the	
  dark	
  
deposits	
  
covering	
  the	
  
leading	
  
hemisphere	
  of	
  
Iapetus.	
  

Its	
  shape	
  and	
  inclinaGon	
  
make	
  likely	
  the	
  ring	
  to	
  be	
  
produced	
  by	
  dust	
  
spudered	
  from	
  the	
  Phoebe	
  
satellite.	
  

Saturn largest ring study (2) 



MIPS	
  indipendent	
  
observaGons	
   

Saturn largest ring study (3) 



The	
   X–Y	
   plane	
   is	
   Saturn’s	
   orbital	
  
plane.	
   Circles	
   at	
   20RS	
   and	
   60RS	
  
denote	
   the	
   orbits	
   of	
   Titan	
   and	
  
Iapetus,	
   respecGvely.	
   Solar	
   radiaGon	
  
pressure,	
   the	
  dominant	
  perturbaGon	
  
for	
   small	
   parGcles,	
   forces	
   the	
  
distribuGon	
   of	
   small	
   grains	
   to	
   be	
  
azimuthally	
   asymmetric	
   and	
   offset	
  
towards	
   the	
   Sun.	
   Conversely,	
   grains	
  
40	
  µm	
   and	
   larger	
   form	
   a	
   symmetric	
  
torus	
  around	
  Saturn.	
  Within	
  15	
  years	
  
(half	
  a	
  Saturn	
  orbit),	
  parGcles	
  smaller	
  
than	
   3.5	
  µm	
  will	
   strike	
   Saturn	
   or	
   its	
  
rings,	
   while	
   those	
   smaller	
   than	
   1.5	
  
µm	
  will	
   be	
   rapidly	
   ejected	
   from	
   the	
  
Saturnian	
  system. 

Saturn largest ring study (4) 



from	
  Verbiscer	
  et	
  al.	
  (2009)	
  

Cameras	
  FoV:	
  300	
  arcsec	
  ~	
  34	
  Rs	
  

SAFARI	
  FoV:	
  120	
  arcsec	
  ~	
  14Rs	
  

The	
  imager	
  instruments	
  proposed	
  for	
  SPICA	
  should	
  be	
  
able	
  to	
  sample	
  the	
  Phoebe	
  ring	
  at	
  high	
  resoluGon	
  in	
  its	
  

full	
  extension…	
  

…casGng	
  light	
  on	
  the	
  grain	
  size	
  distribuGon	
  of	
  the	
  ring	
  parGcles	
  and	
  
their	
  thermal	
  properGes,	
  beder	
  constraining	
  their	
  origin,	
  their	
  
dynamical	
  behaviour	
  and	
  the	
  age	
  of	
  the	
  system.	
  

Ver5cal	
  profiles	
  of	
  flux	
  sca;ered	
  
by	
  the	
  ring	
  at	
  24	
  µm	
  wavelength	
  
and	
  at	
  several	
  radial	
  distances	
  

(Rs	
  =	
  Saturn	
  radius)	
  

Saturn largest ring study (5) 



Saturn largest ring study (6) 

"  Temperature	
  measurements	
  

Thermal	
  inerGa	
  
distribuGon	
  

OpGcal	
  Depht	
  &	
  parGcle	
  
density	
  (@different	
  Saturn	
  
distances)	
  

Ring	
  dynamic	
  

Stability	
  
Origin	
  
Age	
  

"  Thermal	
  emission	
  mapping	
  

"  Stellar	
  occultaGon	
  transmidance	
  

radiaGve	
  

PerturbaGons	
  
Internal	
  external	
  

gravitaGonal	
  

Morishima	
  et	
  al.	
  2011,Icarus,215,107	
  
Spilker	
  et	
  al.	
  2006,	
  Planet.	
  Space	
  Science	
  54,	
  1167–1176	
  

RotaGonal	
  velocity	
  
distribuGon	
  

CorrelaGon	
  with:	
  	
  
• Phoebe	
  (orbit	
  &	
  surface)	
  
• Iapetus	
  (dicotomy)	
  
• Other	
  satellites?	
  

ParGcle	
  
composiGon	
  



Vesta Investigations (1) 
The	
  DAWN	
  mission	
  that	
  has	
  been	
  in	
  orbit	
  around	
  Vesta	
  for	
  approximately	
  1	
  
year	
   and	
   was	
   able	
   to	
   discover	
   bright	
   and	
   dark	
   regions,	
   showing	
   that	
   the	
  
variaGon	
  in	
  the	
  geometric	
  albedo	
  is	
  the	
  largest	
  ever	
  observed	
  so	
  far	
  (Reddy	
  
et	
  al,	
  Science,	
  2012)	
   



Vesta Investigations (2) 

Dark	
  regions	
  are	
  a	
  mixture	
  of	
  
original	
  Vestan	
  material	
  and	
  
Carbonaceous	
  ChondriGc	
  
exogenous	
  component.	
  Dark	
  
regions	
  were	
  found	
  to	
  be	
  
enriched	
  in	
  hydrated	
  materials	
  
(McCord	
  et	
  al.,	
  Nature,	
  2012)	
   



Vesta Investigations (3) 



Vis to IR sources of spectral features 

•  Two basic types of processes from 0.4 - 50 µm 
–  Electronic (~0.4 to 2 µm) 

•  High-energy photons absorbed by bound electrons 
•  Energy states/wavelength controlled by atom and crystal structure 
•  Primarily interactions with transition metals (e.g., Fe) 

– Not all minerals contain these 
–  Vibrational (>~6 µm) 

•  Excitation of fundamental vibrational motions of atoms 
–  stretching and bending 
– Frequencies related to strength and length of bonds 

•  ~1.5 - ~6 µm are weaker overtones and combination bands 
– Complex transitional region between reflection & emission 



MIR"
NIR vs MIR spectra NIR"


