
Parton distribution functions (PDF’s)1

Consider the process

pp̄ → W+ + hadrons, W+
→ e+νe. (1)

Near the W resonance, the cross section can be approximated by

σ(ud̄ → W → eν) = 16π
NW

Ni

Γud̄Γeν

(ŝ − M2
W

)2 + M2
W

Γ2
tot

, (2)

where ŝ denotes the center of mass energy of the u and d̄.

1. What are the values of NW and Ni?

2. Give an estimate of Γeν in terms of GF and MW . What about Γud̄ and
Γtot?

3. If Γtot << MW , we can make the approximation

σ(ud̄ → W → eν) ∼ Γtotσ(ŝ = M2
W )MW δ(ŝ − M2

W ). (3)

We use the PDF’s

fu(x) = 6(1 − x)2

fd(x) = 3(1 − x)2

What is ŝ in terms of x1 and x2 and s, where s is the Center of mass
energy of the pp̄ system?

4. Calculate σ(pp̄ → W → eν). The luminosity of the CERN pp̄ collider was
L ∼ 1029cm−2s−1. Assuming unit efficiency, how many events could be
detected in one year of running?

Neutrino-nucleon scattering2

A high-energy neutrino experiment scatters muonneutrinos off a fixed target
of nuclei containing equal numbers of protons and neutrons. The measured
parameter is Rnu, the ratio of the neutral-current to charged-current total cross-
sections,

Rν =
σNC

σCC

∼ 0.3. (4)

From this result the value of the Weinberg angle which governs the relation
between the electromagnetic and weak neutral-current interactions can be cal-
culated.

1This exercice is inspired by exercice 8.7 in Ref. [1].
2This exercice is inspired by exercice 8.10 in Ref. [1].
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1. Draw the Feynman diagram(s) for the fundamental charged- and neutral-
current interactions in this experiment. Assume that nucleons contain
only up and down quarks.

The differential cross-sections for neutrino-quark scattering are

dσ

dy
=

G2
F

s

π
Q̄2

W
, target left-handed,

dσ

dy
=

G2
F

s

π
(1 − y)2Q̄2

W
, target right-handed.

where s is the square of the center of mass energy, y is the fraction of the
neutrino’s energy transferred to hadrons,

y =
2P · q

2P · p1

=
q0

p0
1

, in the restframe of the nucleon, (5)

GF is the Fermi constant, and Q̄2
W

is the ”weak charge” of the target

quark. The bar over Q̄2
W

refers to the fact that this quantity must be
averaged over the quarks in the target. Notice that this cros-section ap-
parently violates unitarity, because it blows as s grows. However, this is
due to the fact that we did not take into account the Z-boson exchange,
but used an effective theory for the neutral current (similarly to the Fermi
theory for the charged currents). In the Weinberg-Salam electroweak the-
ory, the weak charges are given as follows

QW = LCC , RCC , LNC , RNC ,

LCC = 1,

RCC = 0,

LNC = I3 − Qe sin2 θW ,

RNC = −Qe sin2 θW .

where I3 is the third component of weak isospin, Qe is the electric charge
of the quark measured in units of the absolute value of the electron charge,
and θW is the Weinberg angle.

2. Use this information and the measured value of Rν given above to calculate
the Weinberg angle. Again assume only up and down quarks and neglect
possible differences in momentum distributions between the quarks.
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