Appendix B

Cross sections and traces

B.1 Cross sections

The matrix element M appearing in cross sections and decay rates is Lorentz-invariant
and dimensionless. The expression for the cross section is
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do

The flux factor is frequently computed in the laboratory frame or the center-of-mass
frame. In general,

1 . mM (B.2)
B =02l [(py - po)? — m2m?]'* '
The factor s is
1
S = F (B'3)

if there are k; identical particles of species i in the final state.
The decay width for a particle moving with energy E is

dr = | MPEys? ik Chi Pk (B.4)
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B.2 Contraction identities and traces

db =2a-b— g, (B.5)
Yy =4, (B.6)
vty = =2y, (B.7)
YRy v = 4g", (B.8)
VY P = =2y yyh, (B.9)
VY YPYTr = 2000y Yy + vty Ry ), (B.10)
yra 'y, =0, (B.11)
yratyPy, = 2yPat. (B.12)
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The trace of an odd product of y*-matrices vanishes:

Tr(y°) =0 (B.13)

Tr(y"y") = 4g" (B.14)
Tr(c"") = 0 (B.15)
Te(y"y"y™) =0 (B.16)
Tr(y"y"y y?) = 4(g""g"" — g""g" + g"7¢") (B.17)
Tr(y yry yPy®) = —4igh"?° = 4igvp0 (B.18)
Tr(@ s - - - #,) = Tr(dy, - . o)) (B.19)
Tr(dy iy ... dy,) = @y - @y Tr(dy . . . go,) — ay - a3 Tr(dyy . . . dy,) + -+ (B.20)

+ar-an Te(d, ... dou_y)
=4Ze(a,~] caj)...(a, - aj,).

¢ is the signature of the permuatation iy j; ... i, j, and the sum runs over the (2n)!/(2"n!)
different pairings satisfying | =i; < iy < ---ip, ix < Ji-

B.3 Some Feynman rules

In the text we gave Feynman rules for several vertices. We present here additional rules for
vertices of gauge bosons:

A, (k)
—ie[(k1 — k2)agu + (k2 — k3)ugun + (ks — k1)ugagl
Wi (k2) Wy (k3)
Zy (k1)
—ig cos Oy [(kl - kQ)AQW + (/Vz - /473)ugm + (]'73 - /ﬁ)pgm]
Wi (k2) Wy (k3)

https://doi.org/10.1017/9781009402378.021 Published online by Cambridge University Press


https://doi.org/10.1017/9781009402378.021

W W+
192 Hyi 00
W~ Wy

Wlth H,uv,)np = 2gy,vg)\p -

entering info the vertices.

B.3 Some Feynman rules

A, A, Zy Zy
—.I(EQH/JV?)\/)
Wi W Wi A

8118vp — &up&vi- In graphs all momenta are taken to be

https://doi.org/10.1017/9781009402378.021 Published online by Cambridge University Press

241

2 e
—g° cosOw H,y 5y


https://doi.org/10.1017/9781009402378.021



