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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 Clearly identify all pages of the test.

e The exam has 5 questions (2 pages).

15t test

1. [5 val] During 2012 LHC delivered to the experiments an integrated luminosity of about 20 fb—1.
This data was used to establish that existence of a scalar boson, consistent with the Higgs boson
predicted in the Standard Model.

a) Knowing that the Higgs boson production cross-section at /s = 7TeV is oy ~ 21pb and its
branching ratio for H — 7 is BR = 2.28 x 1073, evaluate the maximum number of Higgs into
7 that could be observed by the LHC experiments.

b) The decay of the Higgs into 7y can be detected in the electromagnetic calorimeter. Describe
qualitatively how a photon is detected in a calorimeter and state the main sources of uncertainty
to the reconstruction of the photon energy.

c) Consider the decay of a Higgs boson candidate into two photons. The photons were measured
with E; = 123.3GeV, E; = 36.7 GeV and making an angle between them of 6 = 136.3°. Deter-
mine the momentum of this Higgs boson candidate in the laboratory, and calculate its invariant
mass.

d) Consider now that it was observed Higgs bosons with momenta between 0 and 100 GeV.

(i) Compute the minimum and maximum angle between the emitted photons in the LAB
reference frame, for the two limiting energies.

(ii) Draw the energy spectrum of the photons in the LAB indicating the minimum and maxi-
mum energy, for Pjees = 0GeV and Ppjges = 100 GeV.

2. [5 vall A very simple model for NN and 7N scattering (N=nucleon=neutron or proton), can be
used when we neglect spin. The model is described by the interactions
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where the constants y1 e y2 have dimension of a mass in our natural system of units (7 = ¢ = 1). The
charges of the particles are such that the charge is conserved at each vertex.

a) Consider the elastic scattering 7" + n — 7" 4+ n. Draw the Feynman Diagram(s) for the pro-
cess.

b) Consider now the process A" (1232)(p1) — 7" (p2) + n(p3). What is the energy of the 7 in
the rest frame of the decaying A™(1232)?

c) Evaluate the width of the process in b).
d) Consider now the process N*(1440)(p1) — p(p2) + 7°. Evaluate the width for this process.

e) Taking the widths from the PDG (consider the average values) and considering that the branch-
ing ratio for N*(1440)(p1) — p(p2) + ° is 65% (average value from the PDG) determine the
constants y1 and pp.

2 tost

3. [2 val] The Higgs boson properties have been investigated in the LHC by looking to its different
decay channels.

a) Indicate the possible decays of a Higgs boson with a mass of 125GeV and its respective dia-
gram. Which is the dominant decay and why?

b) Discuss the following statement If LEP (an e™e™ collider), would had enough energy to produce the
Higgs boson, its properties would be more easily accessed than currently in LHC.

4. [3 val] At LHC b mesons are an important background that need to be under control so that the
properties of the Higgs boson can be investigated.

a) Enumerate the names of the ground state mesons that contain at least one quark b, or an anti-
quark b, making explicit its quark content.

b) Consider the following decays of the B® and verify which ones are possible, indicating the
reason if not.

() B® — et o (i) B = 7~ et v, (iii) B = ppn (iv) B = et e 7,
5. [5 val] Consider, in the standard model framework, the following elastic scattering,
Ve(p1) +e"(p2) = 1~ (ps) +7(ps)
a) Write the amplitude(s) at the lowest order without approximations.
b) Consider now that the CM energy, \/s, is such that
me, my K \/s < My, Mz
Write down a simplified expression for the amplitude M. Justify the steps.

¢) In the same limit as in the previous question, identify the non-zero helicity amplitudes and use
this method to find (| M|?).

d) Evaluate do/d() in the CM reference frame.

e) In the same conditions find the total cross section. If /s > My, Mz what would be the result?
Comment on this result.
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gy =517~ Qssin’ 0w, gh=7T;7.

(2)

4

)



Results for the Helicity Currents
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