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e The allowed elements for consult during the test are:

— the PDG (Particle Data Book)

- one single A4 page with formulas.
o Carefully justify all your answers.

e The test has 3 questions (2 pages).

The total cross-section of eTe™ — hadrons is shown as a function of the centre of mass energy of
the collision in following figure:
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1. [9 val] Consider the process e~ + et — T~ + T+ at the CM energy /s = 20 GeV. Neglect the
masses of the leptons.

a) Taking in account the figure, what is the dominant diagram at these energies? Draw the corre-
sponding Feynman diagram.

b) Considering the conditions of a) write the amplitude M.
c) Evaluate the spin averaged squared amplitude (| M ?).

d) For this process evaluate the differential cross section do/d() in the CM frame as a function of
the square of the energy in the CM frame, s = (p; + p2)>.

e) Evaluate the total cross section o(e~ +e™ — T+ 7") at this energy. Show that
c(e” +et — hadrons) = Bo(e” +et — 1 + 1)

Determine  and compare numerically with the figure (where the cross section is given in pb).



2. [9 val] Consider now the same process e~ +e* — T~ + T at the first phase of LEP, where the CM
energy was tuned to be /s = My. As before neglect the masses of the leptons.

a) Taking in account the figure, what is the dominant diagram at these energies? Draw the corre-
sponding Feynman diagram.

b) Considering the conditions of a) write the amplitude M. Discuss all the approximations you
have done.

c) Evaluate the spin averaged squared amplitude (|M|?). Itis simpler to leave the results in terms
ofgfL:g{/—i—g{M andg{2 :g{/—gﬁ,forf:e,r.

d) For this process evaluate the differential cross section do/d() in the CM frame as a function of
the square of the energy in the CM frame, s = (p1 + p2)>.

e) Evaluate the total cross section at these energies. Make a rough estimative of the increase of
the cross section at /s = My in comparison with what it would be without this diagram and
compare with the figure.

3. [2 val] Comment the following statement: Experimentally the semi-leptonic decay of the T (where one
of the T decays leptonically and the other hadronically) is one of the decay forms with less background.
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Results for the Helicity Currents
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