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1 Vertices

2 Processes in QFT

2.1 Decays
2.1.1 Fermion to fermion scalar
Let’s use the example Lagrangian from earlier:
L, D¢, OF, P, Y, + cx @Y, PR,

1. Derive the matrix element for M(¥, — ¥ + ®) where all particles are massive.

2. Compute the spin-averaged square matrix element % Zspins |M|?.
3. Write down the decay width.
Here we have

iM =icpu; Pruy + icguy Pru,.

Then
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=(|c;|* + |cR|2)§(m% + m% - mé) +mymy(cpcp +cjeg).
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This is independent of cos € so we have

_dn 1 K mmY)
2m;  32x2 m%
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=FK1/2(m§,m§,m§) X 5|M|2]. (2.3)
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2.1.2 Massive vector to a pair of massless fermions
Using the interaction between a massive vector and a massless fermion:
L De, Z,¥y' P Y (2.4)
1. Derive the matrix element for M(Z — 2¥) where Z is massive with mass m .

2. Compute the spin-averaged square matrix element % > |M|2.

spins

3. Write down the decay width.

4. If the uncertainty on the measured value of the Z boson width is less than 2.3 MeV and m, = 91.2 GeV,

how big could ¢ be?
Here
iM =icpv(py)y" Pru(p)e,(q) (2.5)
and
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£ 3 =gl P P <
spins
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==ler*py - py = SlepPmy,. (2.6)
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2 2 2N b
Then for our case K(mV, my, m2) = mj, S0
1 KY2 1 5
=——— =%z ) M|
16zxm,y, m%, 3 et
= X = =— . 2.7
Torm, < 31l my = gzlemy @7
So if this is equal to 2.3 X 10~3 we have
lep ] < ) 227E <0.04. 2.8)
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