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Feynman rules

µ1 a1

p1

µ2
a2µ3

a3 p2

p3
= ifa1a2a3 × ig0V

µ1µ2µ3(p1, p2, p3)

V µ1µ2µ3(p1, p2, p3) =

(p3 − p2)
µ1gµ2µ3 + (p1 − p3)

µ2gµ3µ1 + (p2 − p1)
µ3gµ1µ2



Feynman rules

⇒ + +
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ν
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SU(Nc)

Fundamental representation: qi

q → Uq or qi → U i
jq

j

Conjugated fundamental representation: q+
i = (qi)∗

q+ → q+U+ or q+
i → q+

j (U+)j
i where (U+)j

i =
(
U i

j

)∗
The scalar product is invariant: q+q′ → q+U+Uq′ = q+q′

(mesons)

δi
j → δk

l U
i
k(U

+)l
j = U i

k(U
+)k

j = δi
j

εi1...iNc and εi1...iNc
are also invariant (baryons)

εi1...iNc → εj1...jNc U i1
j1 · · ·U iNc

jNc
= det U · εi1...iNc = εi1...iNc
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U = 1 + iαata
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Adjoint representation

Aa = q+taq′ Aa → q+U+taUq′ = UabAb

U+taU = Uabtb Uab =
1
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Tr U+taUtb

(ta)i
j — fixed numbers (invariant tensor)

(ta)i
j → UabU i

k(t
b)k

l(U
+)l

j = (ta)i
j

Infinitesimal transformations

Aa → q+(1− iαctc)ta(1 + iαctc)q′ = q+(ta + iαcifacbtb)q′

Uab = δab + iαc(tc)ab (tc)ab = ifacb

Commutation relation

(ta)dc(tb)ce − (tb)dc(ta)ce = ifabc(tc)de

follows from the Jacobi identity

[ta, [tb, td]] + [tb, [td, ta]] + [td, [ta, tb]] = 0
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Graphical form

= Nc = 0 = TF

Tr 1 = Nc Tr ta = 0 Tr tatb = TF δab

TF =
1

2



Cvitanović algorithm 1

Invariant tensor — via δi
j

(ta)i
j(t

a)k
l = a

[
δi
lδ

k
j − bδi

jδ
k
l

]
= a

[
− b

]



Cvitanović algorithm 2

Multiply by δj
i

(ta)i
i(t

a)k
l = 0 = a

[
δk
l − bNcδ

k
l

]

= a

 − b

 = 0

b =
1

Nc



Cvitanović algorithm 3

Multiply by (tb)j
i

(tb)j
i(t

a)i
j(t

a)k
l = TF (tb)k

l = a

[
(tb)k

l −
1

Nc

(tb)i
iδ

k
l

]
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Nc

 = TF

a = TF



Cvitanović algorithm
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]
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TF

[
+

1

Nc

]

q′iq+
j =

1

TF

[
(q+taq′)(ta)i

j +
1

Nc

(q+q′)δi
j

]
The product of the fundamental representation and its
conjugate is the sum of the adjoint representation and the
trivial one. The state of a quark–antiquark pair with some
fixed colours is a superposition of the colour-singlet and the
colour-adjoint states.



Cvitanović algorithm
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Counting gluons

Ng = =
1
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1
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= − 1
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= N2
c − 1
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CA

=
2

T 2
F

[
−

]

=
2

TF

 − 1

Nc

− +
1
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CA

=
2

TF

 −


= 2

[
− 1

Nc

− +
1

Nc

]
= 2TF Nc



CA

= CA

ifacdif bdc = CAδab CA = 2TF Nc



Example 1

= TF

 − 1

Nc


= −TF

Nc

tatbta = −TF

Nc

tb − TF

Nc

= CF −
CA

2



Example 2

=
1

TF

 −



= − 1

Nc

− +
1

Nc

= −



Example 2

= TF

[
− 1

Nc

− +
1

Nc

]

= TF Nc

ifabctbta =
CA

2
tc



Shorter solution

=
1

2

 −



=
1

2
=

CA

2



Example 3

=
CA

2

ifadf if bedif cfe =
CA

2
ifabc
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