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Exercise 1 The aim of this exercise is to compute the p(po) — e(p3)ve(p1)v,(p2) decay rate
using Fermi’s Theory. The Fermi Lagrangian is

Lp= —2\/§GF [Y/_JW’YPPLT,Z);;] [&e'prque] :

i) Prove the Fierz rearrangement
(U1r,0"uor) (U3r0uar,) = —(U1L,6"uar) (U3L0 u2r)-

to show that
Lr = 2V2GF [y, 7" Pribu.] [$erpPriby] -

Hint: Work in the Weyl representation and make use of (6/),5 (0,),5 = 2€ay€g5-

ii) Show that the squared (spin summed and averaged) amplitude for this process can

hence be written as

IMP? = (VG RT3k Pr (o + ) Prr®) T (Bt Po).

iii) Recall that the differential decay rate is

(2

dr =
2E),

dR3(po; p1,p2,p3)| M|?

where dRs3(po;p1,p2,ps) is the 3 particle phase-space element. Derive the following
phase space factotrisation property

dRs3(po; p1,p2,p3) = (27T)3/dslzdR2(p0;p12,p3)dR2(p12;p1,p2)

where s12 = (p1 + p2)? and use it to integrate out the momenta of the neutrinos p; and
p2. In other words show that

woop
S DP1oP
THP — /dRz(pm;pl,pz)TT(ﬂl’WfﬂﬂpL) T (6(2173)5> [g“p - 1321212] '

iv) Parameterise the remaining integral in terms of the electron energy and show that

dEsE
/dslngz(po;pl%p?)) :/ (273T)53.




and

si2 = myu(m, —2E3)
po-p3 = myuk3
po-p12 = mu(m, — E3)
p3.p12 = myL3.

v) Hence compute the Electron Energy spectrum

ar  GimiE3 <3 B 4E3)

dE3 1273 my

and the total decay rate
512
_ m, G
19273 °




