Appendix A

Conventions, spinors, and currents

A.1 Conventions

The space-time coordinates (¢, x, y, z) = (¢, X) are denoted by a contravariant four-vector
(c and 7 are set equal to 1):

=0 2 ) =@, x, y, 2). (A.1)
The metric tensor is
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Momentum four-vectors are similarly defined,

p" =(E, px, Py, p2), (A4)
and the inner product
pi-p2=piupy = (E\Ey — Py py). (A.5)

We frequently meet products of the totally antisymmetric tensor &g, (note g, =8,
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A.2 Dirac matrices and spinors

A.2 Dirac matrices and spinors

Anticommutation of y-matrices:
sy =viy" vyt =28,
v’ =ir’y'yi oyl =0.
The o -matrix:
i
oV = —[y*, v"].
2[1/ vl
Reduction of the product of three y-matrices:
yiyPyt =St iy s,
with
SHPV — ghPyV 4 gVl _ gV P

A familiar representation of y-matrices is

o 1 0

ot o]
i 0 01
= =[_U '(ﬂ V5=V5=[1 0

where

is the 2 x 2 unit matrix.
The spinors u and v satisfy the Dirac equation,

(P —mu(p,s) =0,
(P +mu(p,s) =0.
The normalization of spinors is
u(p, s)u(p,s) = 2m,
v(p, s)v(p,s) = —2m,

and the completeness relation is

> ulp, )ia(p,s) = p+m,

N

> u(p.s)p(p.s) = p—m.
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A.3 Currents
Vector:
Ju() = ¥y, Y(x) = W)y, W (x). (A.23)
Axial:
Jus(x) = W)y s ¥ (x). (A.24)

Decompositions of the currents or products of them are very useful. Let £, = p, + p,,
and g, = p,, — py. then

-7 1 — : )
a(pHy" u(p) = %M(P Y +io" g, )u(p), (A.25)
1
u(py"ysu(p) = %ﬁ(p’)(ysq“ +iysa*e,)u(p), (A.26)
a(phic™,u(p) = —a(p"g"u(p), (A.27)
u(pHic™q,u(p) = a(pH2my" — *)u(p). (A.28)

Additional identities can be found in Appendix A of the article by M. Nowakowski, E.
Paschos and J. M. Rodriguez (Eur. J. Phys. 26, 545-560, 2005) and in Appendix C of this
book.
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