A COLLECTION OF FORMULAS

Appendices

A Collection of formulas

Dirac algebra in 4 Dimensions

Traces with even number of y-matrices
Tr{1} =4
Tr{vm} = 49
Tr{vunav8} = 49w ap + Gusdva — Guadus]

Traces with odd number of y-matrices

Te{Vp - Yo} =0, k=0,1,2,...

Traces including a ys-matrix

Tr{y} =0
Tr{v, s} = 0
Tr{'Yu'YV'Ya'Y,B'YS} = 4i€ul/a,6’

Tr{’)/,ul . '7#2k+175} = 07 k = 07 1727 e

Useful identities for products of y-matrices

'7;[7# =4
'Yu’Va’Y'u = =2
VYY" = 4gap

VYo Y8V = —2%pV8Ya

YuVYaYv = GauVv + oYy — GuvVa + ieual/ﬁ’)ﬂ"’)’)/ﬁ

Useful identities for products of e-tensors

eaﬂweaﬂ“" = —-24
Eaﬁ,ul/epﬂwj = _693
Eaﬁpyepauy = _2[9595 - gggg}

€a1a2a3a4€ﬁlﬁ26364 = —det (gglf)

1 .
56()‘[3#”0—#’/ = 10ap75
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1! We use definitions from Bjorken and Drell:

v =07y, eors = 1

Be careful, some other (equally famous) books use different definitions:

5 = i 1723 (0123 _

—€o123 = +1 Itzykson, Zuber
¥ = ivony2ys = =iy 1% = —egia3 = +1 Okun
This ambiguity is a standard source of sign errors!

Identities involving Dirac spinors

@ (p) u¥ (p) = 2mdry
M p) vV (p) = —2mbxy

a*(p)v

> [ @)Ee) - v2)Tm)| = 2mbas = 2m(Das
A=%1/2

A=£1/2
> va)(p) = (p — m)ag
A=£1/2

Hermitian and Charge conjugation

Yoyin® =,

C = in?y, 0_17#02—75, C—=_Ccle_ot—_cT
Integration in the 4 dimensional Euclidean space
Definitions:
ko — iky
d*k = dkod*k = id*kp

K = k- K= — (k] + k3 + k3 + k) = —k}
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Integration:
[Pkesi) = [dop [ akerd o) (A.31)
0
D
m2 g 1 9
= o / akg (K2) 1 02) (A.32)
7
0
Dimensional Regularization (D = 4 — 2¢)
Definitions:

/d4k: — /de: (A.33)

eo — egp’ -3 (A.34)

Dirac algebra in D Dimensions

Defining the e-tensor and =5 in D dimensions involves subtleties that would require a detailed
explanation; we will leave out the corresponding formulas.

Wt =D (A.35)
YYo= (2= D)va (A.36)
YuYa YY" = 49ap + (D — 4)V57a (A.37)
VuVa V8V = —27p78% + (4 — D)Va¥8%p (A.38)
Feynman parameter integrals for products of propagators:
i 1
_ A.39
A B / [zA+ (1 —z)B)? ( )
a)I'(b) i r b
( = /dx dyz® Yy 161 —z — y)(a—+)+b
: / [xA + yB]"
r
= /dx DT ) L (a+)) = (A.40)
/ [zA+ (1 —2)B]"
This representation can be generalized to an arbitrary number of the denominators, e.g.,
1
L'(a)L'(b)I(c) / 1, b=1_c—1 I'la+b+c)
—————~ = [dxdydzz® 2Tl —x—y—2z A4l
A Bb.Ce Y Y ( y=2) [tA+yB + ZC]‘H'HC ( )
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/de

Loop integrals in D Dimensions

I'(a)

k2= A—id®

/de E(a) :

&

A —ie]®

I'(«)

kuk

nhy

D
/d x(—aﬂ—cﬂ—i—ie)a -

/de (—a2 E(CLO;)_~_ ic)e

TpLy = —inP/? (

2

. D G F(a-1-7%)
in® (22
[

A

inD/? I'(a —D/2)

[—a? + ie]o—D/2

./

I(a—DJ/2—1)

2 ) [—a? + ie]o—D/2-1

Fourier integrals in D Dimensions

/deeiqx[ ['(a)

—a? + ie]®

/ qu e—iqz [

()
7q2 _ Z'E]a

= +im

D/29D—2a

—Z‘7TD/22D72OC F(D/z — Oé)

[_q2 _ iG]D/Z_a

I'D/2 - «)

[—x2 + i€)P/2-
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