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Polariza4on	


•  In	
  order	
  to	
  express	
  the	
  polariza4on	
  of	
  photon,	
  
	
  　　we	
  introduce	
  the	
  tensor	
  valued	
  distribu4on	
  func4on	
  Fμν.	
  

• 　We	
  usually	
  express	
  the	
  polariza4on	
  on	
  the	
  2d	
  surface,	
  
　　we	
  define	
  the	
  screen	
  projec4on	
  Sμν	
  which	
  is	
  orthogonal	
  to	
  
　　observer	
  (=	
  eμ(0))	
  and	
  the	
  direc4on	
  of	
  photon	
  (=	
  dμ).	
  	
   e(0)μ	
 Pμ	


dμ	


Fµν ∼ AµAν
Aμ	
  =	
  vector	
  poten4al	
  in	
  EM	

Fμν	
  ≠	
  field	
  strength	


Sµν ≡ gµν + e(0)µ e(0)ν − dµdν

•  We	
  define	
  fμν	
  as	
  the	
  projec4on	
  of	
  Fμν	
  onto	
  this	
  screen.	
  

fµν ≡ Sµ
αSν

βFαβ ≡ ISµν + Pµν + V �ρµνσe
ρ
(0)d

σ
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Boltzmann	
  equa4on	
  with	
  polariza4on	


•  Boltzmann	
  equa4on	
  with	
  polariza4on	


DFαβ

Dλ
(xµ, q, ni) = PµFαβ;µ +

dq

dλ

∂Fαβ

∂q
+

dni

dλ

∂Fαβ

∂ni
= Cαβ

Covariant	
  deriva4ve	
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Boltzmann	
  equa4on	
  with	
  polariza4on	


⊥j
i= δi

j − nin
j
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Gauge	
  invariance	
  of	
  Boltzmann	
  eq.	


•  In	
  order	
  to	
  show	
  the	
  gauge	
  invariance	
  of	
  the	
  derived	
  equa4on,	
  
　　we	
  calculate	
  the	
  gauge	
  transforma4on	
  rule	
  for	
  metric,	
  
　　	
  momentum	
  and	
  distribu4on	
  func4on.	
  

•  In	
  the	
  gauge	
  transforma4on	
  rule	
  for	
  distribu4on	
  func4on,	
  
　　we	
  find	
  the	
  new	
  terms	
  which	
  express	
  the	
  change	
  of	
  screen.	


fµν ≡ Sµ
αSν

βFαβ

tensor	
screen	


Usual	
  part	
  =	
  tensor	
  part	
 change	
  of	
  screen	


• 　We	
  can	
  show	
  the	
  gauge	
  invariance	
  of	
  the	
  Boltzmann	
  equa4on.	
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