Physics 217 Quantum Field Theory 1 Fall 2015

Solution to Homework Set #8, Problem #1.

Author: Adam Reyes

1 Searching for the Higgs Boson at LEP

We are given the amplitude,
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and are asked to sum the matrix element squared over final polarizations (\)
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and average over the initial spins (s, s').

1.1 Summing over final polarizations

We can see that the matrix element can be written in the form M = Eﬁ./\/l“.
Summing the amplitude squared over polarizations we get
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which gives an overall factor of

1.2 Averaging initial spins

Before we can do the sum over spins we have to write down M. In class we
showed that
(07"u)t = uytv (4)
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We can see from Eq. 1 that we also have to calculate (97°y#u)". We will use
the identity y#y® = —~5y#:
(7775’7”U)T = ulyy
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Now we can write down the parts of | M|? with spinnor indices:
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Then summing over spins we’ll get
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Putting this into Eq. 6 and taking the ultra-relativistic limit where m, — 0

we get
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Expanding this expression we get four terms:
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The second and third terms are proportional to
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which is antisymmetric under exchange of the free indices. These terms have
to be contracted with the symmetric tensor given in Eq. 3 will give zero, so
we only have to worry about terms 1 and 4 above.

In the fourth term we can move one of the 7°’s next to the other at the
cost of an overall factor of -1, giving the same trace as in the first term, using

7575 = 1. Now we only have to calculate
Te[p, v'p, "] = pe_pZy Ty 77"]
=4p0 pZ (9" g™ — 9" g™ + g™ g"") (11)
= 4(pY_pty — Pee - Der g™ +DE_DLy)
Putting it altogeter, contracting Eq. 11 with Eq. 3 and putting in the

correct prefactors we get
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where
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exactly what we set out to show.

1.3 Differential Cross-section

Before we write down the cross-section lets do some relativistic kinematics.
We define the 4-momenta in the center of mass frame as

pe+:(Eaﬁ) p€7:<E7_]5’)

bz = (Eka) b = (EH7 —k’)
where p and k are related by an angle 8. Since we are ignoring the electron

mass, [p| & E S0 pes - pe— = 2E? = 1s. We also get

(D2 - Pes ) (pz - Pe—) = ~5(E% — py cos® 0)

= —s(E% — (E% — M%) cos )
(13)
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Then plugging these into Eq. 12 and then into the general expression for the
differential cross-section for any 2 — 2 process we get
do 1|k 2 1 k2 ||
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It is easy to obtain the following expressionsusing relativistic kinematics and

turn them into an expression for F%.

E; +Ey = Ecm
E} — Ej = Mj — My o = Ej = (B2, + My — Mz)?  (15)
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With some work you can get
- 1
kK =E; - M = (s~ (Mg + Mz)*)(s — (My — Mz)?) (16)

We are asked to find the angular dependence of the differential cross-section
for two sets of My and E¢js. In the first we have My = 113 GeV and Eqy =
205 GeV. We can see from Eq. 16 that this corresponds to a Z-momentum
that is much smaller than the Z-mass, so the differential cross-section is
isotropic.

In the other case My = 125 GeV and Ecy = 1000 GeV. Here the Z-
momentum is much larger than the Z-mass and correspondingly the differ-

ential cross-section’s angular dependance will be sin? 6.

1.4 Total cross-section

To get the total cross-section we just have to integrate Eq. 14 over the solid

angle to obtain
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whose dependence on E¢ys looks like
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Figure 1: dependence of cross section on E¢cyy



