
Polarimetry	
  for	
  planetary	
  
atmospheres	
  

What	
  kind	
  of	
  diagnos5c	
  can	
  we	
  infer	
  
from	
  polarimetric	
  measurements?	
  



Blue	
  sky	
  polarisa5on:	
  Rayleigh	
  
diffusion	
  

Polarisa5on	
  by	
  Rayleigh	
  diffusion:	
  very	
  efficient	
  
since	
  light	
  is	
  totally	
  polarised	
  when	
  Θ=90°.	
  



Mul5ple	
  scaHering	
  

•  Generally	
  randomize	
  the	
  polarisa5on	
  direc5on	
  
•  Lower	
  the	
  observable	
  polarisa5on	
  
•  But	
  create	
  par5cular	
  features	
  which	
  does	
  not	
  
exist	
  with	
  single	
  scaHering	
  

•  ONen	
  really	
  important	
  to	
  take	
  into	
  account	
  but	
  
almost	
  complicated	
  

• Need	
  generally	
  for	
  MC	
  simula5on	
  

• Need	
  for	
  full	
  3D	
  codes.	
  Geometrical	
  simplifica5on	
  are	
  
very	
  difficult.	
  

– Useful	
  when	
  the	
  secondary	
  or	
  more	
  scaHering	
  are	
  of	
  the	
  same	
  
order	
  of	
  magnitude	
  



Example	
  of	
  the	
  twilight	
  sky	
  
(Ugolnikov	
  2004)	
  



Polarisa5on	
  paHern	
  in	
  the	
  real	
  sky	
  



Neutral	
  points:	
  important	
  for	
  animal	
  
naviga5on.	
  

There	
  are	
  three	
  commonly	
  detectable	
  
points	
  of	
  zero	
  polariza5on	
  of	
  diffuse	
  sky	
  
radia5on	
  (known	
  as	
  neutral	
  points)	
  lying	
  
along	
  the	
  ver5cal	
  circle	
  through	
  the	
  sun.	
  

• 	
  	
  	
  	
  The	
  Arago	
  point,	
  named	
  aNer	
  its	
  discoverer,	
  is	
  
customarily	
  located	
  at	
  about	
  20°	
  above	
  the	
  an5solar	
  
point;	
  but	
  it	
  lies	
  at	
  higher	
  al5tudes	
  in	
  turbid	
  air.	
  The	
  
laHer	
  property	
  makes	
  the	
  Arago	
  distance	
  a	
  useful	
  
measure	
  of	
  atmospheric	
  turbidity.	
  
• 	
  	
  	
  	
  The	
  Babinet	
  point,	
  discovered	
  by	
  Babinet	
  in	
  
1840,	
  is	
  located	
  about	
  15°	
  to	
  20°	
  above	
  the	
  sun,	
  
hence	
  it	
  is	
  difficult	
  to	
  observe	
  because	
  of	
  solar	
  glare.	
  
• 	
  	
  	
  	
  The	
  Brewster	
  point,	
  discovered	
  by	
  Brewster	
  in	
  
1840,	
  is	
  located	
  about	
  15°	
  to	
  20°	
  below	
  the	
  sun;	
  
hence	
  it	
  is	
  difficult	
  to	
  observe	
  because	
  of	
  solar	
  glare.	
  

Horvath et al. 1998, 2002. 



According	
  to	
  theore5cal	
  considera5ons	
  and	
  computer	
  simula5ons,	
  there	
  should	
  exist	
  an	
  addi5onal	
  
neutral	
  point	
  approximately	
  opposite	
  to	
  the	
  Babinet	
  point,	
  which	
  can	
  be	
  observed	
  only	
  at	
  higher	
  
al5tudes	
  in	
  the	
  air	
  or	
  space:	
  

First	
  observa,on	
  of	
  the	
  fourth	
  neutral	
  polariza,on	
  point	
  in	
  the	
  atmosphere	
  	
  
Horvath	
  et	
  al.	
  2002.	
  



Horvath et al. 
2002 





Cloudy sky 



Twilight	
  sky	
  

In fact polarisation pattern can be 
seen up sza=108° 
Pattern and direction typical of 
multiple scattering phenomena. 



Polarisa5on	
  by	
  aerosols	
  

•  General	
  principles	
  
•  Dust	
  
•  Ice	
  cloud	
  
•  Liquid	
  water	
  cloud	
  

–  Various	
  possible	
  scaHering	
  par5cles	
  from	
  molecules	
  to	
  large	
  dust	
  or	
  droplets	
  

–  Need	
  for	
  accurate	
  study	
  of	
  the	
  phase	
  fucn5on	
  and	
  angular	
  polarisa5on	
  
paHern.	
  

–  A	
  powerfull	
  diagnos5c	
  tool	
  of	
  atmospheric	
  

»  But	
  strongly	
  difficult	
  in	
  case	
  of	
  mul5ple	
  scaHering	
  situa5on	
  

•  	
  For	
  phase	
  func5on	
  and	
  polarisa5on	
  of	
  par5cular	
  par5cles:	
  see	
  Alexander	
  A.	
  Kokhanovsky	
  
(Editor);	
  Light	
  ScaHering.	
  Reviews	
  of	
  Single	
  and	
  Mul5ple	
  Light	
  ScaHering	
  	
  

http://omlc.ogi.edu/calc/mie_calc.html 



Twilight sky (Ugolnikov 2004) 



Polarisa5on	
  from	
  other	
  planets	
  
atmospheres	
  

Artist image of the solar system 
(NASA) 



Venus	
  case	
  

•  Hovenier	
  (2012)	
  



Venus	
  case	
  

Still studied: Rossi et al. Study of Venus' cloud layers by polarimetry using SPICAV/Vex. EGU 
2013 



Jupiter	
  and	
  Saturn	
  cases	
  (Schmid	
  et	
  
al.	
  2011)	
  



Radial	
  polarisa5on	
  





N+ and S+ 
corresponds 
to Latitude: 
73° 
S- and N- to 
mid latitudes 
(out of the 
polar haze) 

CH4 
absorption 
bands 



Transient polarisation 
feature: unexplained. 





Uranus	
  and	
  Neptune	
  (Schmid	
  et	
  al.	
  
2006)	
  





Giant	
  planets:	
  Rayleigh	
  scaHering	
  
or	
  aerosols	
  (or	
  both)	
  

•  Limb	
  polarisa5on:	
  2	
  diffusion	
  problem	
  but	
  
rayleigh	
  scaHering	
  



Giant	
  planets:	
  Rayleigh	
  scaHering	
  
or	
  aerosols	
  (or	
  both)	
  

•  Polar	
  Haze:	
  aerosols	
  



Titan:	
  very	
  high	
  polarisa5on	
  levels	
  
(Tomasko	
  et	
  al.	
  2008;	
  2009)	
  





Cirrus:	
  POLDER	
  (Chepfer	
  et	
  al.	
  
1998)	
  	
  





Auroral	
  light	
  polarisa5on	
  



The	
  red	
  line…	
  

Which	
  lines:	
  O1D	
  
(630nm;	
  Lilensten	
  et	
  al	
  2006)	
   Mesurable:	
  Yes.	
  2nd	
  

most	
  intense	
  in	
  the	
  
auroral	
  spectra.	
  

Measurement:	
  	
  SPP	
  
Instrument	
  (With	
  UIO).	
  Pb	
  of	
  
the	
  loca5on.	
  

ab	
  ini5o	
  calcula5on:	
  
Bommier	
  et	
  al	
  (2011):	
  pola	
  rate	
  
varia5on	
  with	
  the	
  energy	
  of	
  the	
  
electrons.	
  
Work	
  in	
  progress	
  :	
  collisionnal	
  
depolarisa5on	
  

Polarised	
  signal	
  extrac5on:	
  yes	
  
but	
  strong	
  pb	
  with	
  the	
  light	
  polu5on	
  
(Lilensten	
  et	
  al.	
  2008).	
  
Confirmed	
  in	
  2011	
  (Barthelemy	
  et	
  al.2011)	
  

Interpreta5on:	
  work	
  in	
  
progress.	
  
Sensi5ve	
  to	
  	
  the	
  energy	
  of	
  the	
  
electrons,	
  to	
  the	
  local	
  density,	
  
to	
  …?	
  

New	
  campaigns	
  (KHO,	
  
Hornsund).	
  
Mainland	
  Norway	
  (Inside	
  the	
  
oval)	
  
	
  Ellesmere	
  Island	
  Very	
  high	
  
magne5c	
  la5tudes	
  



The	
  red	
  line	
  polarisa5on	
  

Rayleigh scaterring 



-­‐ Polarisa5on	
  degree	
  as	
  a	
  func5on	
  of	
  the	
  
par5cles	
  energy.)	
  

-­‐ Polarisa5on	
  degree	
  very	
  stable	
  
around	
  17%	
  (strong	
  difference	
  with	
  
the	
  data)	
  
-­‐ Direc5on	
  //	
  to	
  B	
  (coherent	
  with	
  
the	
  data)	
  

-­‐ but	
  
-­‐ Collisionnal	
  Depolarisa5ons	
  
-­‐ Secondary	
  electron	
  role	
  
-­‐ Angle	
  distribu5on	
  func5on	
  

-­‐ 	
  Work	
  in	
  progress	
  (V.	
  Bommier	
  et	
  
al.).	
  



Calcula5on	
  (Bommier	
  et	
  al.	
  2011)	
  

•  Green	
  line	
  non	
  polarizable	
  (J=0).	
  Red	
  line	
  poten5ally	
  (J=2).	
  



Calcula5on	
  (Bommier	
  et	
  al.	
  2011)	
  





Calcula5on	
  (Bommier	
  et	
  al.	
  2011)	
  

JJρ2 is the alignement. 



calcula5on	
  (following…)	
  

•  Depolarisa5on	
  processes	
  
• Calcula5on	
  of	
  the	
  density	
  matrix	
  in	
  the	
  
thermodynamical	
  condi5ons	
  

• Pb	
  of	
  the	
  angular	
  distribu5on	
  func5on	
  during	
  the	
  
collision	
  processes.	
  

• …	
  

What	
  kind	
  of	
  informa5on:	
  

	
   	
   	
   -­‐	
  Energy	
  of	
  the	
  precipita5ng	
  par5cles?	
  

	
   	
   	
   -­‐	
  Por5on	
  of	
  secondary	
  electrons	
  

	
   	
   	
   -­‐	
  par5cles	
  concentra5on?	
  
	
   	
   	
   -­‐	
  Angular	
  distribu5on	
  func5on?	
  

Or	
  a	
  mix	
  of	
  these?	
  



Polarisa5on	
  of	
  Jovian	
  Aurora	
  	
  
(Barthelemy	
  et	
  al	
  2011)	
  





Annexe	
  

•  Futur	
  atmospheric	
  polarisa5on	
  
measurements:	
  

• Lightning/sprites	
  
» Strong	
  discharges.	
  Asymetry	
  source	
  :	
  Electric	
  Field.	
  

» Pb	
  :	
  very	
  few	
  theori5cal	
  calcula5on	
  on	
  this	
  point	
  

From CNES Taranis 
team. 


