






! Neutrinos decouple from the universe. 

! Rates for neutrino/antineutrino scattering on 
electrons and positrons become slow  

! 

neutrino scattering rate "# ~ GF
2 T 2( ) T 3( ) = GF

2 T 5

where the Fermi constant is GF $1.166 %10&11 MeV-2

! Adiabatically expand 

! Retain their thermal Fermi-Dirac Shape (unless 
another process occurs) 

! 

T" = Tdecoupling /a

! 

T" = (4 /11)(1/ 3)T#



! Continue to interact with the baryons 

! Weak reactions (interconvert neutrons and protons) 



!weak reactions /H ~ (T/0.8 MeV)3 





! Key issues: 
! Expansion rate vs. weak 
rates 
! Lepton asymmetry  
! Crucial role of neutrinos 



Entropy--setting temp. scale for nucleosynthesis !
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• Inclusion of these weak rates do little 
in standard BBN"

• May be important to include for non-
standard BBN"



4He "
Two new interesting new 
observations:"

WMAP -7 !
-higher measurement of 
relativistic energy density!

Izotov & Thuan 2010!

Yp= 0.2565 ± 0.0010(stat.) !
                    ± 0.0050(syst.)"
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