Muon Decay – 1, 2, 3, or More Particles?
Rick Dower
8/10/2019

Consider energy and momentum conservation.

What arguments can be advanced to indicate that muon decay produces at least one neutral particle?



If only one light (<< me) neutral particle (a neutrino, () is produced in muon decay, what characteristic momentum should we see for the electron?  
Suppose a muon at rest could decay into an electron and one neutrino:       (+ ( e+ + (e . Applying momentum and energy conservation laws would yield only one rather high value for the electron momentum, as shown below.

Energy conservation:

E( = Ee + E(
Momentum conservation:
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    (     pe = p( 

p-E-m relations:

E( = m( ,
Ee2 = me2 + pe2 ,
E( ( p(
The p-E-m relation for the neutrino depends on the negligible neutrino mass, i.e. m(( 0.
Then
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m(  pe = 
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(m(  pe)2 = pe2 + me2


m(2 – 2m(pe + pe2 = pe2 + me2


pe = 
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 = m(/2 – me2/2m( ,     m( = 105.66 MeV ,    me = 0.511 MeV
m(/2 = 52.83 meV ,

 me2/2m( = 0.0012 MeV

Thus,
pe = 52.83 MeV .

In other words, for a two-particle muon decay, all electrons produced in the decay would have a single value of momentum (52.8 MeV).
Since the electron momentum values observed in muon decays are typically much less than 53 MeV and have a spread of values rather than a single value, we conclude that muon decay produces more than two particles, at least two of which are neutral.
What argument s can we make that only two neutral particles are produced in muon decay?

Analysis of Michel electrons from muon decay in the MINERvA detector indicates that the average electron energy is about 33.5 MeV, which is close to 1/3 of the rest energy of the muon. The peak of the histogram of the distribution of electron energies is also about (m(c2/3). Both of these values are expected if, like the electron, there are two neutral decay particles that are much less massive than the muon and, on average, share equally in the decay energy of the muon.
Nearly 100% of muons decay with the transformations:
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