Quantum Field Theory

Exercises in preparation for the exam 2

Exercise 1: two real scalar fields
Consider a theory with two real scalar fields 7 and @9 and the following Lagrangian :
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For what values of g this represents a well defined QFT ? Find the masses of the physical particles.

Exercise 2: Fermi Lagrangian

Consider the Lagrangian of a massive vector field A, coupled to a Dirac fermion :
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Derive the equations of motion for the massive vector. Solve them formally making a Fourier transform.
Consider the low energy (large distance) solution for A,, and show that

Aula) = S 0@)().

Plug this solution into the equations of motion for the fermion ¢ and thus show that the same result can be
obtained from the so called Fermi Lagrangian that contains an interaction involving 4 fermion fields:

e
2M?

Lp = i) — DY Py

Exercise 3: Parity and Spinor Representation

Taking into account that under parity rotations and boosts transform as, J* — J* and K* — —K*. Then
under parity, _ _
P:JL = Jg, (1)

which imply that Lorentz representations under parity undergo a swap,
P (j-g+) = Gt d-)- (2)

Now defining a spinor field in the usual way,

vot) = ((10)): g

where ¥, = (j—,j+) and ¥g = (j+,7j-), and knowing how a representation of parity acts on the boost
generators show,

PAL/R(H_: mP = AR/L(& ). (4)

With this, how does parity act on our spinor field ¥p?. Particularize for the case (3,0) and (0, 3).



