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Objec+ve	
  of	
  the	
  course	
  

•  	
  Introduc5on	
  :	
  context	
  for	
  in	
  situ	
  instruments	
  in	
  
planetary	
  atmospheres	
  (Earth	
  excluded)	
  	
  

•  	
  Overview	
  of	
  the	
  mathema5cal	
  context	
  of	
  
radia5ve	
  transfer	
  in	
  planetary	
  atmospheres	
  in	
  a	
  
simplified	
  frame	
  

•  	
  Rela5ons	
  between	
  science	
  objec5ves	
  and	
  
physical	
  observables	
  for	
  both	
  remote	
  sensing	
  /	
  in	
  
situ	
  experiments	
  

•  	
  Study	
  case	
  on	
  Titan	
  for	
  some	
  Cassini/Huygens	
  
instruments	
  

16-­‐17	
  June	
  2012	
  
IPPW9	
  -­‐	
  Short	
  Course	
  -­‐	
  Toulouse	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Pierre	
  Drossart	
  &	
  Emmanuel	
  Marcq	
  
2	
  



Sounding	
  planetary	
  	
  
atmospheres	
  with	
  photons	
  

Photons	
  as	
  sounders	
  of	
  physical	
  proper5es:	
  
Which	
  physical	
  parameters	
  	
  can	
  be	
  measured	
  (in	
  gas,	
  hazes,	
  clouds)?	
  
-­‐  Composi5on	
  
-­‐  Temperature	
  
-­‐  Pressure	
  
-­‐  Structure	
  (varia5ons	
  with	
  heights)	
  
-­‐  Winds	
  
-­‐  ………	
  
Observables	
  :	
  	
  
•  Energy	
  of	
  the	
  radia5on	
  field	
  
•  Angular	
  varia5ons	
  
•  Spectral	
  varia5ons	
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Spectral	
  varia+ons	
  :	
  
1)	
  Molecular	
  spectroscopy	
  

Varia5ons	
  with	
  wavelength	
  give	
  access	
  to	
  
pris5ne	
  atmospheric	
  parameters	
  through	
  
molecular	
  bands	
  
-­‐  Electronic	
  transi5on	
  (UV,	
  vis.)	
  	
  
-­‐  Vibra5onal	
  (ro-­‐vibra5onal)	
  transi5on	
  (IR)	
  
-­‐  Rota5onal	
  transi5on	
  (submm)	
  

16-­‐17	
  June	
  2012	
  
IPPW9	
  -­‐	
  Short	
  Course	
  -­‐	
  Toulouse	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Pierre	
  Drossart	
  &	
  Emmanuel	
  Marcq	
  
4	
  



Electronic	
  
transi+ons	
  

Standard	
  case:	
  the	
  
hydrogen	
  atoms	
  
Transi5ons	
  between	
  
electronic	
  orbitals	
  
(quantum	
  number	
  n)	
  
Domain	
  :	
  UV	
  -­‐	
  visible	
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Vibra+onal	
  transi+ons	
  

Quan5fica5on	
  of	
  vibra5ons	
  in	
  
molecules	
  
Diatomic	
  :	
  1	
  vib.	
  Mode	
  
Polyatomic	
  :	
  many	
  different	
  
modes	
  
	
  
Domain	
  :	
  infrared	
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Rota+onal	
  /	
  ro-­‐
vibra+onal	
  transi+ons	
  

Quan5fica5on	
  of	
  rota5on	
  :	
  
domain	
  :	
  millimeter	
  wave	
  
	
  
Combina5on	
  of	
  vibra5on-­‐
rota5on	
  =	
  main	
  domain	
  in	
  
infrared	
  
	
  
Can	
  be	
  very	
  complex…	
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CH4 : vibration/rotation bands 

 Wenger and Champion, JQSRT, 1998 

Dyad  
2 vibrational states  

 2 sublevels  

Pentad 
5 vibrational states 

9 sublevels 

Octad 
8 vibrational states 

20 sublevels 

Tetradecad 
14 vibrational states 

60 sublevels 
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Spectral	
  and	
  angular	
  varia+ons:	
  
2)	
  ScaFering	
  

Modula5on	
  of	
  the	
  planetary	
  spectrum	
  through	
  
scadering	
  give	
  access	
  to	
  haze/cloud	
  proper5es	
  
-­‐  Par5cles	
  absorb	
  and	
  diffuse	
  light	
  
anisotropically	
  =>	
  angular	
  varia5ons	
  to	
  
determine	
  shape	
  and	
  size	
  distribu5on	
  of	
  
par5cles	
  

-­‐  Spectral	
  varia5ons	
  =>	
  composi5on	
  constraints	
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Radia+ve	
  transfer	
  

Consider	
  the	
  radia5on	
  through	
  energe5c	
  
parameters	
  :	
  approxima5on	
  radia5on	
  field	
  reduced	
  
to	
  energy	
  propaga5on:	
  	
  
	
  
Quantum	
  effects,	
  interference	
  effects	
  are	
  contained	
  
in	
  the	
  spectral	
  parameters,	
  but	
  con5nuity	
  
equa5ons	
  themselves	
  are	
  restricted	
  to	
  classic	
  
parameters	
  
	
  
	
  Polariza>on	
  effects	
  are	
  not	
  discussed	
  here,	
  but	
  can	
  
be	
  taken	
  into	
  account	
  through	
  fully	
  polarized	
  
energe>c	
  quan>>es	
  (Stokes	
  parameters)	
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Defini+ons	
  

Unit	
  (SI)	
  :	
  W/m2/sr/Hz	
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Spectral	
  flux	
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Sources	
  and	
  sinks	
  in	
  radia+ve	
  
transfer	
  equa+ons	
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The	
  radia+ve	
  transfer	
  equa+on	
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Thermal	
  equilibrium	
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Physical	
  parameters	
  in	
  scaFering	
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ScaFering	
  regimes	
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Usual	
  approxima+ons	
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Planetary	
  radia+ve	
  transfer	
  equa+on	
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Penetra+on	
  depth	
  of	
  sunlight	
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Weigh+ng	
  func+on	
  for	
  RT	
  in	
  thermal	
  
regime	
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Thermal	
  sounding	
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Composi+on	
  sounding	
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In	
  situ	
  vs	
  remote	
  comparison	
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Inhomogeneous	
  atmospheres	
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Ac+ve	
  sounding	
  :	
  radar,	
  lidar	
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In	
  situ	
  vs	
  remote	
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In	
  situ	
  :	
  measurement	
  	
  
from	
  inside	
  the	
  radia+ve	
  field	
  

Main	
  difference	
  with	
  remote	
  sensing	
  :	
  	
  
Access	
  to	
  forward	
  measurement	
  (I+	
  ):	
  direct	
  
measurement	
  of	
  ex5nc5on	
  coefficient	
  	
  
Observa5ons	
  for	
  different	
  azimuts	
  =>	
  access	
  to	
  
phase	
  func5on	
  	
  
	
  
Measurement	
  along	
  the	
  descent	
  =>	
  direct	
  
measurement	
  of	
  	
  the	
  radia5ve	
  transfer	
  equa5on	
  
elements	
  (ver5cal	
  resolu5on)	
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Study	
  case	
  :	
  an	
  applica+on	
  to	
  Titan	
  from	
  
the	
  	
  observa+ons	
  of	
  DISR/Huygens	
  

•  Cassini/Huygens	
  mission	
  at	
  Titan:	
  
Provides	
  a	
  full	
  descent	
  observa5on	
  with	
  in	
  situ	
  
instrument	
  of	
  radia5ve	
  transfer	
  from	
  UV	
  to	
  IR	
  
(DISR	
  on	
  Huygens)	
  
	
  
Provides	
  comparison	
  with	
  remote	
  sensing	
  
instrument	
  (UVS	
  and	
  VIMS	
  on	
  Cassini)	
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Descent	
  Imager/Spectral	
  Radiometer	
  
(DISR	
  on	
  Huygens	
  probe,	
  M.	
  Tomasko	
  

PI)	
  
	
  

•  DLV	
  Downward-­‐
LookingVioletPhotometer	
  	
  

•  DLVS	
  Downward-­‐
LookingVisibleSpectrometer	
  	
  

•  DLIS	
  Downward-­‐
LookingInfraredSpectrometer	
  	
  

•  ULVS	
  Upward-­‐
LookingVisibleSpectrometer	
  	
  

•  ULIS	
  Upward-­‐
LookingInfraredSpectrometer	
  	
  

	
  SSL	
  SurfaceScienceLamp	
  	
  

•  VLNS	
  
VeryLowNearSurfaceMode	
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DISR	
  implementa+on	
  on	
  Huygens	
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DISR	
  upward	
  looking	
  instruments	
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DISR	
  downward	
  looking	
  instrument	
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DISR	
  op+cal	
  design	
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Upward/downward	
  vis.	
  
spectrometers	
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CCD	
  surface	
  repar++on	
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Es+mate	
  of	
  t from	
  ULVS	
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Observa5ons	
  at	
  4	
  different	
  
azimuts	
  	
  



DISR	
  movie	
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Solar	
  hea+ng	
  and	
  thermal	
  cooling	
  
rates	
  vs	
  al+tude	
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Op+cal	
  depths	
  at	
  different	
  al+tudes	
  

16-­‐17	
  June	
  2012	
  
IPPW9	
  -­‐	
  Short	
  Course	
  -­‐	
  Toulouse	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Pierre	
  Drossart	
  &	
  Emmanuel	
  Marcq	
  
42	
  



Phase	
  func+on	
  of	
  aerosols	
  modelled	
  
from	
  DISR	
  measurements	
  (sun	
  

aureole	
  channel)	
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Cassini/VIMS 
Titan observations @ T0 

CM_1467449778.cub	
  (#18)	
  
Spectrum	
  in	
  central	
  regions	
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Resolving Power ~ 140	



Cassini/VIMS : spectres de Titan 

C.	
  Griffith,	
  (priv.	
  comm.)	
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Vims	
  –remote	
  sensing	
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VIMS	
  –	
  DISR	
  comparison	
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Key	
  results	
  from	
  DISR	
  

•  Aerosol	
  proper5es	
  on	
  Titan	
  
•  Methane	
  abundance	
  at	
  the	
  surface	
  (5.1%)	
  and	
  
during	
  the	
  descent	
  

•  Descent	
  images	
  of	
  Titan	
  
•  Radia5ve	
  balance	
  of	
  Titan	
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Venus	
  :	
  	
  a	
  hot	
  sister	
  of	
  Titan	
  

Thermal	
  radia5ve	
  transfer	
  in	
  remote	
  sensing	
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Upward	
  and	
  downward	
  flux	
  from	
  
Pioneer	
  Venus	
  

Vs	
  solar	
  flux	
  radiometer	
  on	
  Pioneer	
  Venus	
  probe	
  
(LSFR,	
  M.	
  Tomasko	
  et	
  al,	
  JGR	
  1980)	
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Remote	
  sensing	
  of	
  Venus	
  thermal	
  
windows	
  (night	
  side)	
  

	
  •  Galileo/NIMS	
  obs.	
  @	
  Venus	
  :	
  	
  Carlson	
  et	
  al,	
  
1992	
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Venus	
  night	
  side	
  spectra	
  
Venus	
  Express	
  /	
  VIRTIS	
  	
  Obs.	
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Spectroscopie	
  infrarouge	
  de	
  Vénus	
  :	
  mesures	
  de	
  composi5on	
  	
  

CFHT	
  (Hawaï);	
  B.	
  Bézard,	
  C.	
  de	
  Bergh	
  et	
  coll.	
  

Sounded	
  levels:	
  25-­‐45	
  km	
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Summary	
  

Radia5ve	
  transfer	
  is	
  a	
  powerful	
  tool	
  to	
  analyze	
  
structure	
  of	
  atmospheres	
  from	
  combined	
  in	
  situ	
  
and	
  remote	
  sensing	
  instruments.	
  	
  
In	
  situ	
  experiments	
  with	
  entry	
  probe	
  provide	
  a	
  
unique	
  way	
  to	
  study	
  the	
  radia5ve	
  field	
  from	
  inside,	
  
measuring	
  directly	
  the	
  different	
  terms	
  of	
  the	
  
radia5ve	
  transfer	
  equa5ons	
  
Combina5on	
  of	
  remote	
  sensing/in	
  situ	
  has	
  proved	
  
to	
  reach	
  unique	
  results	
  on	
  planetary	
  atmospheres	
  
(to	
  date	
  :	
  Mars,	
  Venus,	
  Jupiter,	
  Titan)	
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