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Strong force Lagrangian

ℒ = ෍
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Quark – gluon vertexThree gluon vertex Four gluon vertex

= 𝑖𝑓𝑎𝑏𝑐 = 𝑡𝑎 𝑗
𝑖
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𝑞𝑖 ∈ ത3

𝑞𝑖 ∈ ℂ3 ≡ 3

𝐺𝜇
𝑎 ∈ Adj 𝑆𝑈 3 ≡ 8



Birdtracks
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𝛿 𝑘
𝑗
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Trace bases

= 𝐴 +  𝐵 +  𝐶

𝑐 ∈ ത3⊗ 3⊗ 8⊗ 8 = 𝑡𝑎 𝑗
𝑖 𝑡𝑏

𝑘
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= 𝑇𝑟 𝑡𝑎 ⋅ 𝑡𝑏 𝛿
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×

†
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Multiplet bases

3⊗ ത3 = 1⊕ 8

Decomposition:

4/15/2020 6



Multiplet bases

𝛼1 ∈ 8⊗ 8 = 0⊕ 1⊕ 3⊕ ത3⊕ 8⊕ 8⊕ 11⊕ 27

𝛼2 ∈ 8⊗ 8⊗ 8
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Multiplet bases
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=
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"Any group−theoretical invariant quantity can be
expressed in terms of Wigner 3− and 6−j coefficients"

Predrag Cvitanović. Group Theory. Princeton University Press, feb 2008.

Wigner 3j and 6j coefficients

M. Sjodahl and J. Thorén, Decomposing color structure into multiplet
bases, JHEP 09 (2015) 055
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3j 6j
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Important relations
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෍

𝛼
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𝑎

(1)

(2)
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(4)
10

= ?



Expressing amplitudes in multiplet bases
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All the functions
from the previous
slide
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M. Sjodahl and J. Thorén, Decomposing color structure into multiplet
bases, JHEP 09 (2015) 055



Challenges
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• Arbitrary basis

• Automatization

• Tests

1,8,27 → {𝛼, 𝛽, 𝛾}
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Summary

1. QCD and Birdtracks 2. Trace vs multiplet bases

3. Color structure
decomposition

4. Preliminary results
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Expressing amplitudes in multiplet bases
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Graph[]
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Expressing amplitudes in multiplet bases

×

= /.VertexCorrectionRel =
1

𝑁𝐶 −𝑁𝐶
3
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*
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Expressing amplitudes in multiplet bases

/. ሿInsertCompleteness[i$2, I2, Cyc𝑙 = ෍

𝛼
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/.VertexCorrectionRel
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𝛼

= Const ⋅

M. Sjodahl and J. Thorén, Decomposing color structure into multiplet
bases, JHEP 09 (2015) 055 16
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