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Problem 1:
Fermi’s Golden Rule

10 Points

Recall that the transition probability per unit time (rate) from a energy eigenstate |mi into
other energy eigenstates |f i in a continuum under the influence of a interaction VI is given
by Fermi’s golden rule

Γm→{f } =

2π
ρ(f )|hf |VI |mi|2 ,
~

(1)

with ρ(f ) is the number of final states.
One can use Fermi’s golden rule to calculate the decay rate of a β-decaying neutron:
n → p+ + e− + ν̄e . A simple form of the perturbation is given by Fermi’s ansatz :
hp+ e− ν̄e |VI |ni =

GF M
,
V

(2)

with the
M and the normalization volume
R 3Fermi constant GF , the nuclear matrix element
2
V = d x. For now it can be assumed that |M| ≈ 1. In the following calculation use
relativistic expressions for the energies.
(a) Express the number of final states ρ(E) for which the electron energy Ee is smaller
than E as an integral.
Hint: What is the corresponding volume of the phase space element d3 pe d3 pνe d3 xe d3 xνe
for electrons and neutrinos? Use a delta function δ(Ei − Ef ) to account for energy conservation between the initial and final states with energy Ei and Ef , respectively.
Moreover, the neutrino mass can be neglected.
(b) Show that the kinetic energy of the proton Tp can be neglected compared to the energies
of the neutrino Eνe and the electron Ee .
(c) Express the rate Γ(E) for the neutron to decay into electrons with energy smaller than
E.
(d) What is the differential rate dΓ(E)/dE?
(e) Plot dΓ(E)/dE over E.
(f) Compute the total rate Γ. (You may use Mathematica for solving the integral.)

