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Useful Formulae

—~ < Q3+ 8T
J S

F=658%10 " GeVsec=1
he=0.197GeVEF =1

(1 Gev) ™% = 0.389 mb

A
s T 1
x" = (1.x) h:ﬂnmEHAW \ﬂvﬂrﬁ,
e L) ’ ﬁu_.w‘
prx=FE—-p-x me{__nmulmuzm
{1+ mHe =0, (iy*d, — m)y = 0.

In an electromagnetic field, id* — id" + ed” {charge —e)

JU (¢ — "), Jt= ey

v-Matrices

%-J\. n 4_‘.,.\: — Mh_,:.. .1—._. — .«:%:4‘3.

Y=yt ¥ =r M=y Y= -n k=123
ey, oy Y =00 vy =y

{Trace theorems on pages 123 and 261)

Standard representation:

popely ) veme(2 ) e
S R A S

Spinors

(p--mju=20 a=uly"
i(p-—m)y=0 F=rpr"

—

—
(=
——

wl Myt =28, iV u =2ms,, Y ouEtt =g+ = 2mAy,
s=12

L - yHu=u,. MU+ yHu=u,

If m =0 or E > n, thek u, has helicity A = — Lughash = + L.

m nemanes

Loreniz invanant phase space (P —p, 4+ -

dQ = (2n )8 (P - p, -
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cattering: o PP ?_ T
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TABLE 6.2
Feynman Rules for —i9M

e

Multiplicative
Factor

e External Lines
Spin 0 boson (or antiboson)

s (/)
//
Va4
v

e Internal Lines— Propagators (need + ie prescription)

Spin 5 fermion (in, out)

antifermion (in, out)

Spin 1 photon (in, out)

¢

e
[

Spin 0 boson

Spin 3 fermion

*- —
- Massive spin 1 boson [ —
Massless spin 1 photon Ll e e
(Feynman gauge)
# ® Vertex Factors P >

Photon—spin 0 (charge —¢)

Photon—spin 3 (charge —e)

lated y-matrices
denticai Fermions:

4

¢

/‘g

—1 between diagrams which differ only in e e~

p—t

o, v

i(p+m)
P —m’

—i( g, = pup./M?)
pl _ ‘M?_

—ig,,
2

p?

ie(p+pH*

iey"”

Loops: fd*k/(2m)* over loop momentum; include —1 if fermion loop and take the trace of
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F.1.3 Vertices

Spin-O |
'}
P 4 “
7 8 N
| 74 d \¥-J
“\H‘w"!v
)', \\
p” N
Spin-
¥

= iC(P +P').
(for charge +e¢)

2iety,,

—iey,
(for charge +e)




F.2 Qco: rules for tree graphs

r.2.1 External particles

‘Quarks. The SU(3) colour degree of freedom is not written explicitly: the
spinors have 3(colour) x 4(Dirac) components

ingoing: u(p, s) or v(p,3)
outgoing: #@(p', &) or v(p, ¥)

as for QED.

Gluons. Besides the spin-1 polarisation vector, external gluons also have a
‘colour polarisation’ vector g*(x =1, 2,..., 8) specifying the particular
‘colour state involved: é'a.

ingoing:  ¢,(k, )% 7
outgoing  &5(k', X)a*s,

F.2.2 Propagaiors

Quark

Gluon
TP = 3.7( —g" +(1 —c)"—;‘;’—)ad

for a general & gauge. In Feynman gauge this reduces to
i
S 1I1A11 1N -;,—(-—a")é"

which is usually the most convenient form.

[+ IR -1 '(,.Q { &6 - |
A = ('010\; /?Oo) (g? \i‘__()"__{/

l)3 DOD:)‘.DO&:J

E 7273 Voeortirse




-gp’:"’ [g;u(kl —kl)l + grl(kl *kJ)p
+ g&;(kl -kl)-v]

X, Ay I)\d'AP J=2i 2 'Dtogfga- )\E

~igl UsaSrn(8u8., — 9,,9.1)
+SeinSsra 8,91, — 0 ,u8.,)

u.ha o.K.0 +fn¢f6u(9yﬂu - ﬂ..-gi,)]

Itis important to remember that the rules given above are only adequate for
tree diagram calculations in Qcp (see Chapter u;.,q-)

F.3 The standard model of electroweak interactions: rules for tree graghs,

- F.J.1 External particles

Leptons and quarks

Ingoing = u(p, s) or v(p, 3)
Outgoing f(p', ¥) or o(p, s)

Vector bosons

Ingoing  e,(k, ) <A
Outgoing:  &3(k’, 1)

’
-'bc

Z
ﬁ A
take R #2 |, A=l 5, = 3(LFc0,1,2,0)
F.3.2 Propagators = -
pagater A= t= (I, 0,0 E)/M
Leptons and quarks
- i p+m
— = =13




Vector mesons (U gauge) =

i
Wt, 29 A Annn -—T———}-(—ﬂ"'+k"k'/M2) 2 *
k""‘My N ‘M’"""_\:" —g\lgv’-‘b’;ﬁlli

where the mass M, of the charged W >osons is given by

v

= - M +1ST7
G ¢ ”v
21/3 - SMZ

with g sin 6y = e (where, in our convention, e > 0) so that

M'J(l-hd\"}e(me) (373 )GcV/c J?t+£ﬂ’)

234Gl sinBy, — \sinby,

The mass of the neutral Z boson is related to that of the charged W bosons
by

Mz = M,/cosy.

Higgs scalar
i
=P
p-u
F.3.3 Vertices
Charged current weak interactions
W, /
1- ¢y
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W.4
. g+ l—vy
..;~2—|-72—(-—smﬂc)y, > 3
¢ t
L - $

Neutral current weak interactions

Massless neutrinos

ol |
- ie 1 l -.?5
g sinf,cosf,2 Ve 2
| J | v

Massive fermions

y o)
"‘ie l-'}'s l+?5
/\ sinB.costy"(% 2 +c_§ 2
' ' Y

where Ck/g_ Cp /2 & hetations /n H/H .
¢, = —}+sin?d,, cy = sin? Oy, fore”, u”
= +4—¢sin?o,, cy = —¢sin’ @y, foru, ¢
o= —k+{sin 6y, cg = §sinl by, ford,s

(massless neutrinos haveq/= {cp = 0)
2

Vector boson couplings. (a) TIrnilinear couplings

sW*W "~ vertex
| L

ic[:g,l(k, - k;), + giy(kz - kr)'
+ g'u(ky - kl )1]




z‘.k,.vé . €COS Oy

Y [g.ilky — k), + @i (kg = ky),
u-..,..f“‘w....»

sin Ow +2,.(ky—k{),]
(b) Quadrlinear couplings

W Wy
>< T iez (29"gl' ~Gansr '-.g"gll)
1A

'y Wy
— ie’ cot 0.,(29.;9,. - gle';I - gtvglp)
1.5 ’ z.-p
S
W Wy

_'__iel COtz ew(zgalg.{} —g;pgﬁv —gc;gﬂl') o

s 0
W, w.v
jed
. sin.’ a' (2g:ug-l ~GupGav -guv‘g#’
v'.e w.p

Higgs couplings. (a) Trilinear couplings

o
oW *W - vertex ]

S-Mye,
w'k.y‘ﬂrﬂ‘!"‘“- S 'mg"
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Trilinear self-coupling :
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(b) Quadrilinear couplings
ooW*W " vertex

oo0ZZ vertex
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