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Obsolete no­oscillation­case:

1 : 1 scale



   

Oscillations:

A. D. Dolgov et al., Nucl.Phys. B 632 (2002) 363

The QKE should take into account:

● vacuum oscillations

● effects of the background plasma

● effects of the neutrino background
  (self-interaction)

● collisions

The equations are written for the usual 
3x3 matrix:

” We conclude that in the LMA region the neutrino flavors
   essentially equilibrate long before n/p freeze out, even
   when θ13 is vanishingly small”

” ...the BBN limit on the νe degeneracy parameter,
   |ξν| < 0.07, now applies to all flavors.”



   

real
FD fit

Distribution could be approximated as 
equilibrium Fermi-Dirac with two 
effective parameters Tν

eff  and ξν
eff, 

producing the same:
 - asymmety L and
 - contribution to energy density ΔN.

neutrino decoupling

However...

S. Pastor et al.,Phys. Rev. Lett. 102, 241302 (2009)

* An average of two equilibrium Fermi-Dirac distributions
   is not necessarily a FD distribution!

A. D. Dolgov et al., Nucl.Phys. B 632 (2002) 363

Once neutrinos decouple, flavour conversions continue to
lead to equipartition among all flavours, but there is no 
process driving them to kinetic and chemical equilibrium. *Def: ”Comoving” asymmetry:



   

Example:
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Method:

Solve QKE for neutrinos

Pars outputs

Draw likelihood

Choose a point in (Lνe
init, Ltot) plane

Neutrino evolution files Run PArthENoPE



   

Results:



   

 θ13 > 0 case:

Neutrino chemical potential 
have more time to equilibrate:

line is closer to 

Results prefer



   

Comparison of constraints in case of no oscillations and the new ones:

3-σ  plots

no oscillations
our results



   

Constraints in the plane  (Le
final, Lx

final - Le
final)



   

Summary:

● Starting from QKE, for various points in (Lνe
init, Ltot) plane, the distribution 

function for neutrinos was calculated explicitly, considering the inefficiency of 
the collisions at T ≲ 2 – 3 MeV.

● These results are used as inputs for PArthENoPE to calculate abundances of 
deuterium and helium-4.

● PArthENoPE results were processed by likelihod analysis in (Lνe
init, Ltot) and 

(Lνe
final, ∆Lfinal) planes.

● at 1-σ C.L.

● Further extension would be to include some additional 
d.o.f. (e.g. steriles), corresponding to varying ∆N as well.
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