
The mean lifetime of a muon in its rest 
frame is 2.2 μs. We’ll calculate that from 
the Fermi weak coupling. The decay is

 μ- → νμ + e- + νe  

p1
μ = q1

μ + p2
μ + q2

μ 

The Feynman diagram

                                    −

An example of the weak interaction - 
the muon decay rate

Page 373 in Mandl and Shaw.

The weak interaction history:

= Fermi’s point coupling theory (30’s)
= V–A parity violation (50’s)
= The intermediate vector boson theory

 (50’s)
= The Weinberg Salam model (60’s)
= Discovery of W and Z bosons (80’s)
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The W-boson propagator is

But MW = 80 GeV is much larger than the 
muon mass, so we can approximate 

Also, we define the Fermi weak coupling GF   by
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For example,

Calculate the square of M.
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For an unpolarized muon, average over 
initial spin and sum over final spins
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Symmetric part

Antisymmetric part

Work out the electron tensor similarly; 
then the result is

We’ll have S.S and A.A; but S.A is 0.
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The neutrinos are unobservable.
So, we’ll integrate over q1 and q2  and get 
the differential rate w.r.t. electron 
momentum. 
Phase space integral for the two neutrinos
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Result 

 ―
|M|2 = 64  G2   p1.q2   p2.q1   / Π( 2ml )



Call this Iαβ(q) ;
note that Iαβ is symmetric in αβ .

Now use some tricks to calculate Iaβ(q) .

Iαβ(q)  is a Lorentz tensor (L.I.P.S.); and it 
only depends on the 4-vector qμ .
Therefore Iαβ(q) must have the form

where A and B are scalars.  
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Collect all the factors.

Note ∫  d3p2  =  ∫ p2
2 dp2  dΩ  =  4 π p2 E2 dE2 .

So the rate, differential in electron energy, is



11

Homework Problem.

(A ) From the muon lifetime, 2.2 
μs in the rest frame, calculate 
the Fermi weak coupling constant 
GF .

(B ) From the result, and the W 
mass, calculate the weak-mixing 
angle (Weinberg angle).

(C ) According to Mandl and Shaw, 
the helicity of the electron from 
muon decay is approximately -1. 
Explain why.


