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Problem 11: Optical Theorem [10 Points]

In the context of partial wave expansion, the scattering amplitude at an angle 6 for the process
a+b— c+dis given by

1(0) = 55 S+ (me™ — 1)Pycos),
l

where P, are the Legendre-polynomials, 0 is the scattering angle, k is the wavenumber in the incident
direction and d; and 7; are both real functions. J; denotes the phase difference and 7; was introduced
to describe inelastic scattering. We have n; = 1 for elastic and n; < 1 for inelastic scattering.
The optical theorem states that the cross section in a forward scattering process is given by

4
Ctot = ?Im [f(0)].

a) Show with the help of the optical theorem that

27
Ttot = 13 Z(Ql + 1)(1 — n cos(26;)).
1

b) The differential cross section for elastic scattering is given by

doe B 9

From this, derive the following expression for the elastic scattering cross section

i .
Ol = 15 D20+ 1) e — 1P,
1

c) From a) and b) it follows that
T
net = 73 2L+ 1)(1 = 7).
l
Show with this equation that for the reaction v, + e~ — p~ + v, we obtain the relation
_ _ 27
ovp+e —pu +Ve)§E—gm, (1)
where FE., denotes the center-of-mass energy (k should be considered in the center-of-mass

system). Note that this is an | = 0 scattering process and that a spin factor 1/(2s + 1) should
be taken into account.
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d) In Fermi theory the cross section is given by
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where Gy is Fermi’s constant and /s denotes the invariant mass.
Use Eqgs. and to find the energy at which Fermi theory breaks down.

Problem 12: Custodial Symmetry and the p-Parameter [10 Points|

The 1-loop correction to the p-parameter is given by

3G m2m? m?
ApziF mt2+m§—22t7b20—§

where my (my) is the top (bottom) quark mass, Oy the Weinberg angle and my, (mz) the mass of the
Higgs (Z) boson.

11 5 . 5 m,%
9 m7 sin” Oy log 2 )

a) Convince yourself that Ap = 0 for m; = my and if the hypercharge gauge coupling is zero.

b) As discussed in the lecture, the Higgs potential is invariant under SU(2); x SU(2)g. Define

(1), 1-(2), mr-e0

with ¢ the Higgs doublet, gg = j02¢*, and o9 the second Pauli matrix. Show that the Lagrangian
containing the top and bottom Yukawa couplings g; and g, is invariant under the SU(2); xSU(2)y
symmetry only if g = gp.

c) Show by analyzing the kinetic term of the Higgs boson that it is invariant under SU(2); X
SU(2)g symmetry only if the hypercharge gauge coupling is zero. Start by writing down the
covariant derivative on ® (taking into account the fact that ¢ and ¢ have hypercharges 1 and -1
respectively).



