PARTICLE PHYSICS 1 : EXERCISE 7

1) Energy-momentum relation for Dirac spinors

Verify the statement that the Einstein energy-momentum relation is recovered if any of the
four orthogonal particle Dirac spinors are substituted into the Dirac equation written in terms
of momentum, (y#p, —m)u = 0.

2) Dirac four-vector current

For a particle with four-momentum p* = (E, p), the general solution to the free-particle Dirac
equation can be written as

Y(p) = [auy(p) + bus(p)] PFE-E)

-,

Using the explicit form for u; and wuy, show that the four-vector current j* = (p, j) = Yy*1) is
given by
= 2ph.

Furthermore, show that the resulting probability density and probability current are consistent
with a particle moving with velocity 5 = p/FE.

3) Parity operator

Show that up to an overall phase factor
Pur(6, ¢) = uy (7 — 0,7 + ¢)

where uy and u; are, respectively, the right-handed and left-handed helicity particle spinors.
Comment on the result.

4) Charge conjugation operator

Under the combined operation of parity and charge conjugation (C’P) spinors transform as
¥ = 7 = OPY = iy .
Show that, up to an overall phase factor,

CPur(0,¢) = v (m — 0,7+ ¢).

1 Updated: 5 novembre 2024



