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)

The mean lifetime of a muon in its rest
frame is 2.2 us. We’ll calculate that from
the Fermi weak coupling. The decay is
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The Feynman diagram
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The W-boson propagator is
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But M,, = 80 GeV is much larger than the
Imuon mass, SO we can approximate
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Also, we define the Fermi weak coupling G, by
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For example,

Calculate the square of M.
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Symmetric part
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Antisymmetric part
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Work out the electron tensor similarly;
then the result is
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We'll have S.S and A.A; but S.Ais 0.
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Result
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The neutrinos are unobservable.

So, we'll integrate over q, and g, and get
the differential rate w.r.t. electron
momentum.

Phase space inteqgral for the two neutrinos

The 3-bod, frdl shh, ad e
Muon A2ct Lwre ; hepledd W A My, 5

L[ &r o~ B 3
2n (Y 28, f (;)%: (u}"ﬁ; (Wl (Z'— ()

()" 8 CM-5-p,-1.) FCRAF 4T

Be=V Pzt
b 4% = Fmi = gheorgl
42 Rest fome (f°= M-&

-

2= ?l*'zz ::_?‘:—6




g

Tr Ret fume : 9°= M-g
?" =5

= ?l*‘gz = T F
dl'" < scbe dgpz é*ql P!* Pz
2M @!)"25’2 (?F) 7L
J\ f S‘f(ft"f-a g) T2 ?'13

»
Call this I*f(q)
note that I** is symmetric in of .

Now use some tricks to calculate 1#*(q) .
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[“*(q) is a Lorentz tensor (L.I.P.S.); and it
only depends on the 4-vector g" .
Therefore 1*(q) must have the form
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where A and B are scalars.
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Collect all the factors.
Note | d°p, = |p,2dp, dQ = 4= p, E, dE, .
So the rate, differential in electron energy, is
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Muon decay rate

Remove ["Global ="]
GF = 1.16637%A-5 +UGeVA-2;
(" using units withhb=1andec=1"%)

8T =GFA2/ (12 # PiA3) » Sgrt[Eenr2 -men2] »

(3xEex (MAZ+menrl) -4 +M+EeA2 -2 +sMasmenl);

masses = {me =+ 0.511+n-3 x UGeV, M= 0.106 « UGeV};
test = 6T /. Join[masses, {Ee =+ 0.033 «UGeV}];
PowerExpand[test]

7.84904 x 10°18

(* restore units: *)

hb = (0.197 « UGeV » Ufm) / (2.998%n23 « Ufm /Us);

diffrate = 6T /hb /. masses;

diffrate =diffrate /. {UgeVv-=1l, Us-= 1};
Plot[diffrate, {Be, 0, 0.053},

AxesLabel -+ {"Ee [GeV]", "dR/dEe [GeV ' s ]"}]
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jé; T \[;{SE(MM‘)

—4MEE —2Mu’ |
(Epe 16.46)

Homework Problem.

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

(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.



