Quantum Field Theory III
HS 10, Exercise Sheet 1

Due date: 29.09.2010

Exercise 1:
Show that for two 2-components spinors ¢ and Y, we have

Yoty = —xotp = (xohy)* = —(Yoty)*
Yol x = xolatp = (xo¥ o) = (Yator x)*

Exercise 2:
Prove the Fierz rearrangement identity:

Xa(€n) = —&a(nx) — na(x§)-

Exercise 3:
Prove the following reduction identities:

a) ,u —ﬁﬂ — 25/355
b) agdauﬂﬁ = 2€aB€45

c) 5“‘5‘0‘@[35 — 9B

d) [o*a” 4+ o¥a"], B = opsh

e) [ola” +a a“] = 277“"65

f) Gho’oP = nhvaP + nPat — nhrsY + iehPAay
g) ohg¥al = nt ol 4 P Pot — ntPa? — jelVPAay,

where e#’P* is the totally antisymmetric tensor with €?1?3 = 1.

Exercise 4:

In this exercise we will learn how 2-components spinors are connected to the Dirac spinors
we used in QFT 1.

A Dirac spinor transforms in the reducibel representation (1/2,0) @ (0,1/2). It can be built
from the dotted and undotted spinors as

wD:<%>.
X

The Dirac gamma matrices are given by

0 ot 1 0
- — i~A01.2.3 2x2



The Dirac spinor is formed by a left- and a right-handed Weyl spinor:

1
o= e ()

(%)

From the 2-components spinors we can also form a Majorana spinor
- (3)

a) Show that the Lagrangian for a Dirac fermion

1—
Ppip = V5

by setting x = .

Lp=i¥py"0,¥p— MIp¥p
written in 2-components notation up to a total divergence is
Lp = ip5" 01 +iX5"Fpx — M (x + ¥x).
Note that Up = (x® g).

b) Prove the following identities:
ViPLW; = Xit;

¢) W;PrV; = 1Y

d) Uiyt PLV; = 5y,
) Uiyl PRrV; = xioty;
) Sh

f ow that the Lagrangian for Majorana fermions

1= 1. -
EM = §\I/M7“8M\I/M - iM\I/M\I/M
written in 2-components notation up to a total divergence is

M= #0010, — S MY+ 59)



