
FYSH555 spring 2014
Exercise 1, return by Mon Jan 20th at 10.00., discussed Mon Jan 20th, at 16.15 in FYS5

1. The differential cross section for the 2→ n process is

dσ =
1
2s
|A(i→ fn)|2 dΠn.

(a) What is the dimensionality (in GeV) of the scattering amplitude A for an arbitrary
n?

(b) Consider the following processes: qq → qq, gg → gg, qq → qqgg and gg → ggg (q
is a quark and g is a gluon). Draw at least one Feynman diagram contributing to
each, add up the dimensionalities of the factors from the external lines, propagators
and vertices and check that the amplitude has the right dimensions.

2. Let’s practice SU(Nc) algebra. The fundamental representation is generated by the
traceless Hermitian Nc × Nc matrices ta, a = 1 . . . N2

c − 1 normalized as Trtatb =
1
2δab. Their commutator is [ta, tb] = ifabctc with fabc antisymmetric in all three indices
(this actually follows from the chosen normalization). The fundamental representation
Casimir operator is tata = CF1Nc×Nc . What is CF ? The adjoint representation is
generated by (Ta)bc = −ifabc. The adjoint Casimir CA in fabcfabd = CAδcd is CA = Nc

(can you show this?). Using these calculate Tr(tatbtatb).

3. This calculation should sound familiar from the basic particle physics course. Calcu-
late (to lowest order, one tree diagram) the differential QED cross section dσ/dt for
e−µ− → e−µ− scattering neglecting all the masses. Express the result in terms of the
Mandelstam invariants s, t and u. What is the high energy limit of the cross section,
i.e. the limit t fixed, s ∼ −u→∞?

4. In the previous problem, what happens if you replace the photon by a massless scalar
particle? I.e. replace gµν → 1 in the photon propagator and γµ → 1 in the vertex. What
is the high energy limit now? (This calculation is shorter than the previous one).

5. Derive the Green’s function for the Helmholtz equation that was skipped in the lectures.
Start from the definition (ω2+∇2)G(x,y) = −δ3(x−y). Defining the Fourier transform
as

G(x,y) =
∫

d3p
(2π)3

eip·(x−y)G(p)

calculate first G(p) and then G(x,y). You have to regularize the p integral; doing this
with the substitution ω → ω+ iε will give the result we want here. What do you get if
you replace ω → ω − iε (we are assuming ω > 0)?

6. (a) Show (this is easy) that if

dσel.

d2qT
=
∣∣∣∣ i2π

∫
d2bT e−iqT ·bT Γ(bT )

∣∣∣∣2
then

σel =
∫

d2bT |Γ(bT )|2

(b) The total cross section is

σtot = 2
∫

d2bTRe[Γ(bT )],

and the partial wave unitarity bound is |Γ(bT )|2 ≤ 2Re[Γ(bT )], which leads to
σel ≤ σtot (a pretty natural requirement). Where in the complex plane can Γ(bT )
be to satisfy this?

(c) Assuming that Re[Γ(bT )] = Γ0e
−b2

T /(2B) and Im[Γ(bT )] = 0.141Re[Γ(bT )], σel =
25.4mb and σtot = 98.6mb, what are B and Γ0 ? The cross section numbers
for pp-scattering at

√
s = 7TeV come from TOTEM, Europhys.Lett. 101 (2013)

21002, https://cds.cern.ch/record/1472948/files/CERN-PH-EP-2012-239.
pdf. Is the Gaussian bT -dependence consistent with Fig. 2 of the paper? (t = −q2

T )
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