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Parity transformations of Fermion bilinears

Problem statement

We have

- P -
Pp(t, %) = 17" p(t, —X)
where 7 € C and || =1
(@) Derive the transformation properties of the following fermion bi-
linears under parity:
(a) Pseudo-scalar current: (iysy
(b) Axial-vector current: Py sy

Which structures are invariant under a Parity transformation, and
which are not? Check it explicitly.

Hints: First of all, check that (¢, X) 5 n*P(t, —X)7°. Then, you
should make use of the properties of the v matrices as representa-
tions of the Clifford algebra, in particular, (70)2 =1 {77} =0

(b) Show explicitly that electromagnetic fermion interactions are in-
variant under CP transformations.

Hint: Remember that under charge conjugation: C¢y#ypC~1 =
—Ppy*p and CA,C ! = —A,

(c) Show that the helicity of Dirac fermion changes sign under space
reflection but not under time reversal.

Hint: remember the helicity operator is defined as A = T with

o i
=1 ( d ; ) the spin operator. To check the behavior under
o

time reversal, adopt explicit expressions for the u(p) spinor and
restrict to the case p, = 0 = p,.
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b) Show explicitly that electromagnetic fermion interactions are invariant under CP transfor-

mations.

Hint: remember from the lecture that under charge conjugation: Cipy*pC~1 = —ipyH1) and
CA,C~1=-A,.
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c) Show that the helicity of a dirac fermion changes sign under space reflection, but not under
time reversal.

—

Xop 1 (o
Hint: remember the helicity operator is defined as A =222 ith Z =3 (0 Ji) the spin

P!

operator. To check the behavior under time reversal, adopt explicit expressions for the u(p)
spinor and restrict to the case p, = 0 = p,,.
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