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I (3 values)

a) Consider the collision K+ + p → X + p, in the laboratory frame, where the proton is at rest. It
is known that the initial linear momentum of the K+ is 200 GeV/c and that the linear momentum
of the final proton is in the same direction as the direction as the initial K+ and is 50 GeV/c.
Determine the mass of the X particle. (mK+ = 493 MeV, mp = 938 MeV).

b) Consider the equality

γασ
µαγβ σ

νβ = Agµν +Bgµνγ5 + Cσµν +Dǫµναβ σαβ

Determine A, B, C e D.

II (3 valores)

Draw the Feynman diagrams for the following processes in the Standard Model:

a) e− + e+ → νe + νe b) W− → e− + νe + γ c) H → t+ b+W−

Do not evaluate anything, just draw the diagrams.

III (5 values)

Consider the process µ− + e+ → νe + νµ in the Standard Model

a) Draw the diagram(s) that contribute in lowest order.

b) Write the amplitude for the process.

c) If we neglect the lepton masses and consider that the energy in the CM frame,
√
s, is much less that

the W and Z boson masses the cross section can be written as

σ =
λ

π
G2

F s

Determine λ.

IV ( 5 values)

Consider the process Z(p) → e−(q1) + e+(q2) + γ(k) in the Standard Model

a) Write the amplitude for the process

b) Show that the amplitude is gauge invariant, that is, if we write M ≡ ǫµ(k)Mµ where k is the
photon 4-momentum, then we must have kµMµ = 0.



V (4 valores)

Consider the theory described by the following Lagrangian

L = LQED +
1

2
∂µχ ∂

µχ − 1

2
m2

χ χ
2 − g ψψ χ

where χ is a neutral scalar field (spin 0) and ψ is the electron. The constant g is dimensionless in the sistem
of units where h̄ = c = 1. Besides QED the theory has the following extra propagator and vertice:

p χ

e

e

i

p2 −m2
χ

−i g

Now consider the one loop corrections in the model described above. In all answers consider only the
one-particle irreducible diagrams. Do not evaluate any expression.

a) Draw the diagram(s) for the self-energy of the electron at one loop.

b) Draw the diagram(s) for the self-energy of the scalar χ at one loop.

c) Draw the diagram(s) for corrections to the vertice ψψχ at one loop. Discuss the superficial degree of
divergence, that is, count the powers of momentum.

d) Draw the diagram(s) for corrections to the vertice ψγµψA
µ at one loop. Discuss the superficial degree

of divergence, that is, count the powers of momentum.

e) Is the theory renormalizable? Justify the answer.

Some expressions

• In the CM frame we have:

dΓ

dΩ
=

1

32π2

|~pCM|
m2

|M |2, dσ

dΩ
=

1

64π2 s

|~p3CM|
|~p1CM|

|M |2

for a decay, and for a process p1 + p2 → p3 + p4, respectively.

• Tr[a/b/c/d/γ5] = −4i ǫαβγδaαbβcγdδ, ǫµναβǫµν
γδ = −2gαγgβδ + 2gαδgβγ

• In the Standard Model MW = MZ cos θW , g
f
V = 1

2
T

f
3 − Qf sin2 θW , g

f
A = 1

2
T

f
3 e GF =√

2 g2/(8M2
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