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Exercise 1:

Suppose that there were no baryon asymmetry so that the number density of baryons
exactly equaled that of anti-baryons.

(a) Determine the final relic density of baryons+anti-baryons.

(b) At what temperature is this asymptotic value reached?

Exercise 2:

Using the fact that our universe appears to be electrically neutral, obtain that the
chemical potential µ for electrons and positrons has to be practically zero. What
about the neutrinos?

Hints:

1. ne− = ne+ + np,

2. electrons and positrons are kept in thermal equilibrium through the process
e+ e− ↔ 2γ,

3. np ∼ 10−10nγ.

Exercise 3:

The epoch at which the energy density in matter ρm equals that in radiation ρr is
called matter-radiation equality.

(a) Find the value of the scale factor aeq (in dependence on Ωm) at which they were
equal.

(b) Express this epoch in terms of the redshift z.

Hint: Assume the neutrinos to be massless (mν = 0), therefore ρr = ργ + ρν .
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