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–Homework–

1 Renormalization of Yukawa theory (this time in 4d) (20 pts.)

Consider the Lagrangian

L =
1

2
(∂µφ)2 − 1

2
m2φ2 + ψ̄(i/∂ −M)ψ − igψ̄γ5ψφ. (1)

where φ is a real (pseudo-)scalar field and ψ is a Dirac fermion. Notice that this Lagrangian is
invariant under the parity transformation ψ(t, ~x)→ γ0ψ(t,−~x), φ(t, ~x)→ −φ(t,−~x).

1. Write down the Feynman rules and derive the superficial degree of divergence of a diagram
in terms of the number of its external scalar and fermion legs. 3 pts.

2. Determine the superficially divergent amplitudes and to which order the coefficients of
the expansion in external momenta diverges. Also give the respective symmetry factors.
In particular show that the theory contains a superficially divergent φ4 amplitude. This
means that the theory cannot be renormalized unless one includes a scalar self-intersection,

δL =
λ

4!
φ4, (2)

and a counterterm of the same form. 5 pts.

3. Make the field redefinition and write down the Lagrangian with all counterterms in renor-
malized perturbation theory. 3 pts.

4. Renormalize the theory to one-loop order in the minimal substraction scheme with dimen-
sional regularization. Avoid as much work as possible by dropping non-divergent parts.
9 pts.
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