SAIFR - ICTP Summer School 2018 Early Universe Laura Covi

Exercise Sheet 5: Thermal Universe & Baryogenesis

Exercise 1

Consider the Boltzmann equations for the right-handed neutrino number density and the B — L
number density in the limit of negligible wash-out and way-out of equilibrium condition, i.e.
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with ny > NN,eq-

a) Rewrite the equations for the quantities Yy, Yp_1, where as before Yy = nx/s, using as time
variable the rescaled temperature x = T'/my, assuming again a period of adiabatic expansion of the

universe, i.e.
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with g, = gs constant. The entropy density is given as s(T") = % gsT3.

b) Solve the Boltzmann equation for Yy assuming constant (I') and a non-relativistic RH neutrino
with nyeq(z) = Smia=3/2e7*, for v = my/T.

c¢) Use this solution in to the equation for Yz_; to obtain the present value of B — L, again assuming
a constant (I') and a non-relativistic RH neutrino with ny c,(z) = Sm%az=3/2e7*, for x = my/T.

d) Discuss now the effect of the wash-out processes. Draw a couple of diagrams for such 2-to-2
scatterings and find out how they depend on the temperature. Which is the dominant process ?

e) What happens if ny = 0 initially ?



