Exercises to Relativistic Quantum Field Theory Sheet 9
—  Prof. S. Dittmaier, Dr. H. Rzehak, Universitat Freiburg, SS14 —

Exercise 9.1 Relations for Dirac matrices (2 points)

The Dirac matrices vy, are defined by

v v Z v ag
(=20 0= 0" =" = 1" = = e Y

a) Show the relations
{(7°r=0, (1) =1

Calculate the explicit form of 5 in the chiral representation of the Dirac matrices.
What is the meaning of the matrices wy = (1 +75)?

b) Derive the following traces:
Te[y"], e[y 7).
c) Prove the following trace relations:
Trlys] = Trly*y"s] = 0, Tr[y*y"yP7 5] = —4ie™,
Tr[yH . ykentt] = Te[y o2t =0, n=0,1,....
d) Reduce the number of Dirac matrices in the following contractions:

TY*Yaur YV Ya, YV Y

Exercise 9.2 Lorentz covariants from Dirac spinors (1.5 points)
a) Prove the following relations:
S(A) T S(A) = A0, S(A) o = 10S(A)
b) Using a), show that the quantities
s(z) = P(x)y ()

= scalar,
x)y5¢(x) = pseudo-scalar,

plx) = ¥(z)
i (x) = Y(x)y"h(x) = vector,
jt(x) = Y(x)y"ys5¢(x) = pseudo-vector,
T (x) = (x)y"y"(z) = rank-2 tensor,
)

= Y(z)y"y"v5¢(x) = rank-2 pseudo-tensor.

transform under proper, orthochronous Lorentz transformations 2/ = A* z¥ as indi-
cated, if the Dirac spinor ¢ (z) transforms according to ¢ (x) — ¢/(z") = S(A)Y(z).

¢) Determine the transformation properties of the quantities defined in b) under the
parity operation P, where

o= (2" —x) = (Ap)", 2", S(Ap) =10 = (2 é)

in the chiral representation of the Dirac matrices.



