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1
st

test

1. [5 val] The luminosity at the Large Electron-Positron Collider (LEP) was determined by measuring
the elastic e+e− scattering (Bhabha scattering) as its cross-section at low angles is well known from
QED. In fact, assuming small polar angles, the Bhabha scattering cross-section integrated between a
polar angle θmin and θmax is given at first order by,

σ ≈ 1040 nb

s [GeV2]

(

1

θ2
max − θ2

min

)

a) Determine the luminosity of a run of LEP knowing that this run last 4 hours, the number of
identified Bhabha scattering events was 1200 in the polar range of θ ∈ [29; 185] mrad. Take into
account a detection efficiency of 95% and a background of 10% at

√
s = mZ.

b) At LEP the electrons and positrons where detected in an electromagnetic calorimeter.

i. Describe qualitatively the development of the electromagnetic shower in the calorimeter.

ii. Discuss which type of material the calorimeter should be made in order to minimize the
total length.

c) The effective energy of the interaction can be changed by the radiation of a photon by the
particles of the beam (initial radiation), which is peaked at very small angles. Supposing that
the measured e+e− has the following transverse momenta pt

1 = pt
2 = 5 GeV and the radiated

photon is collinear with the beam and has an energy of 10 GeV, determine the effective energy
of the interaction of the electron and positron in the centre of mass,

√
se+e− . Consider that the

beam was tuned for a
√

s = mZ.

d) Draw the QED Feynman diagrams at low order for the elastic e+e− scattering and discuss why
the Bhabha scattering measurements at LEP are done at very small polar angle.



2.[5 val] Consider a theory with three neutral scalars A, B, C (spin 0). They interact in such way that
the Feynman rules for the interactions are

A

B

B

B

C

C

i µa i µb

where µa e µb have dimensions of mass (h̄ = c = 1). The masses are such that mA = mB > 2mC.

a) Find the total width Γ(B → C + C) as a function of the masses of the particles.

b) For the process A + B → C + C draw the diagram(s) that contribute in lowest order and write
down the amplitude(s).

c) Find the differential cross section dσ/dΩ in the CM frame as a function of the Madelstam vari-
able s = (p1 + p2)2 which represents the square of the energy in the CM frame.

d) In the limit
√

s ≫ mA, mB, mC neglect the masses and evaluate the total cross section in the CM
frame.

e) Verify that you could have obtained this result, up to a numerical factor, by dimensional analy-
sis.

2
nd

test

3.[7 val] At the Large Electron-Positron collider (LEP) one of the studied reactions was:

e−(p1) + e+(p2) → µ−(p3) + µ+(p4)

a) Draw the Feynman diagrams that contribute in the Standard Model, in lowest order, to this
process.

b) Consider now that
√

s ≃ mZ. Write down the amplitude for the most important diagram.
Neglect all fermion masses.

c) Show that if one neglects the fermions masses one can also neglect the terms proportional to
the momenta in the numerator of the Feynman propagator for the massive gauge bosons. Write
down the simplified amplitude.

d) Show that the electron current obey the relation

v(p2)γ
µ(ge

V − ge
Aγ5)u(p1) = ge

L v(p2)γ
µPLu(p1) + ge

R v(p2)γ
µPRu(p1)

where

PL =
1

2
(1 − γ5), PR =

1

2
(1 + γ5), ge

L = ge
V + ge

A, ge
R = ge

V − ge
A

with similar expressions for the µ current.

e) Use the previous result to write down the non-vanishing helicity amplitudes for this process
with the previous assumptions.

f) Calculate the spin averaged amplitude
〈

|M|2
〉

and write the expression for the differential
cross section dσ/dΩ in the CM frame.



g) In the LEP experiment an important quantity that was measured was the Forward-Backward
asymmetry defined by

AFB =

∫ π/2
0

dΩ dσ/dΩ −
∫ π

π/2
dΩ dσ/dΩ

∫ π/2
0 dΩ dσ/dΩ +

∫ π

π/2 dΩ dσ/dΩ

Explain the name and why it might be useful. The following expressions are useful:
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4.[3 val] At LEP final states with electromagnetic and strong interactions were detected. Taking the√
s = mZ:

a) Compute at the first order the ratio

σ(e−e+ → νν)

σ(e−e+ → µ+µ−)

b) Compute at the first order the ratio

σ(e−e+ → hadrons)

σ(e−e+ → µ+µ−)

c) Discuss how was possible to determine in LEP that the number of light neutrino family is
2.9840 ± 0.0082.
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Neutral Current
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Results for the Helicity Currents
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