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Kinetic theory for photons in one slide
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§ A  gas of  particles is described statistically

§ Distribution  function is central  object

§ Dynamics  is given by  Boltzmann  equation

f(⌘, xi
, p

i)

L[f ] = C[f ]

Free  streaming Collisions

§ Polarization is described by  tensor valued distribution  function fµ⌫



Main results for CMB
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§ Boltzmann  transport  combined with fluid description  for  baryons  and  GR

§ Observation  of  both intensity and  polarization multipoles

§ Silk damping at  small scales is due  partly to  polarization effects



Motivations
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§ How  does the kinetic description  works for  Fermions  ?

§ What is polarization and  how  is it described ?

§ What is the  structure  of  free  streaming  and  collisions  ?

§ When does it matter ?



Relativity and QFT
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§ Collisions  with electrons :  Quantum Mechanics

§ Transport  along non-trivial  geodesics :  General  Relativity

MicroscopicScale MacroscopicScaleMesoscopicScale

Well established for  photons  and  used for  CMB !



Statistics from the quantum world
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§ Number operator from annihilation/creation operators of  helicity states

§ Distribution  function associated to  a  quantum  state

Nrs(p, p
0) ⌘ a†r(p)as(p

0)



Construction of covariant distribution function
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• Case  of  Bosons:  use  of  polarization basis

Polarization basis  for  photons  is transverse,  spatially projected
->  Stokes  parameters

✏µr

§ Case of  Fermions :  plane  wave solutions  of  Dirac  equations us, vs

Spacetime indices

Spinor indices



How to get rid of spinor indices ???
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Let  us use



Covariantization is simple
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1  dof 3 dof

independent



Structure of decomposition
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§ Boson  of  spin  1  :  SO(3)

§ Massless boson  :  SO(2) =

Polarization V I

Nrs(p, p
0) ⌘ a†r(p)as(p

0)

§ Fermions  spin  ½  :  SO(3) =

I
Qµ



Liouville equation for intensity

Kinetic theory for fermions  in curved space-time                                   Cyril Pitrou, IAP 



Spherical Harmonics decomposition
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I  (and  V)  are  scalars

Linear Polarization is spin-1



Fermi theory of weak interactions
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• Current-current interactions  (Fermions  only)

• Structure  of  reactions is

Collision  term generates (linear)  polarization

§ Suppression  by  m/E
§ Requires dipolar structure  in  distribution  function

Transverse  projector



Flavor oscillations
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Non-diagonal  mass  matrix



Thanks
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