Exercises “Modern methods of Quantum Chromodynamics” WS 14/15

Problem 12 (4 Points) Spinor identities
a) Derive the following identities:
[Py [k) = (k[ 7"|p],
PV Ik) = = (k2" |p) -

b) For a set of n light-like momenta ki, ...k, and an arbitrary spinor |¢), show the
so-called eikonal identity:

n—1

Z kkm _ ({kika)
=1

Y (qkiv1)  (k1q) (qkn)

Problem 13 (4 Points) Polarization vectors

The gluon polarization vectors can be defined in terms of reference spinors |¢) and [q] as

[q[* |k) (q] v*|K]
V2kq) V2 (gk)’

with €} = ex. Derive the following properties:

é(k,q) =

E;i(ki? Q) =

a) Normalization:

ex(k,q) - ev(k,q) = —0x -

b) Gauge transformation:

(de) .
kg —elhd) = ﬁ(fz/k) (gk) v

c) Completeness relation

- v K+ gk
> ek q)es (kq) = —g" +
=~ (k- q)

Problem 14 (2 Points) Momentum conservation

For a 2 — 2 scattering process of massless particles with incoming momenta p;/, and
outgoing momenta k; » with momentum conservation, p;+p, = ky+ky, derive the identities

(p1k1) [F1p2] = — (pika) [kapo] ,
(p1p2) [P2kr] = (prka) [kak] .



Spinor formulas

e Notations for Weyl spinors:

pa & ) = |p) pt e =) =),
pi < (p+] = [p| p* & (p—| = (p|

Antisymmetric symbol

€AB=5AB:8AB:€AB:(_1 O).

Raising and lowering indices

p* =g, P =peip
ps =peas, pt =Py,
e Spinor products:
A
(pk) = (p — |k+) = p"ka [kp] = (k + |p—) = k,p
e Properties of Pauli matrices:
Olip = 0" iecn oA = 5AC€BD6M,OD
_ % _ —,AB JAB\x BA

Matrix elements of Pauli matrices:

P Bl = (p+ [yH{k) = [py" [8)
pat k7 = (p— W k=) = (pl 7" [K]

AB_CD 4 _AC_DB | _AD_BC _ ()

Schouten identity: ¢ €

Relations for spinor products:

Ip) (kq) + |k) (ap) + |q) (k) =0,
p] [kq] + k] [ap] + |q] [pk] = 0.

Fierz identity:

(| v*|K] {g| vull] = 2 (pq) [IK] , [Pl k) (gl 1) = 2 [pq] (1K)



