AQFT: non-perturbative method
Thursday 4, February 2021, lecture 3

3 Quantum Chromodynamics or QCD

3.1 QCD Lagrangian

QCD is a gauge theory of quark (q)-gluon(g) interaction, with SU(3) color
gauge group. The QCD Lagrangian, with gauge fixing and FP ghost terms,
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Note that ¢. is the color charge, or gauge coupling constant, and 7n is FP
ghost field.

3.2 QCD Feynman rules

Let us determine
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We can rewrite (3.1) in the form
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Feynman rules are applied to these Lagrangian as in the figures (3.1, 3.2).
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Figure 3.1: QCD Feynman rules.
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Figure 3.2: QCD gluon vertices.

3.3 Elements of su(3) algebra

The su(3) generators are t! = %)\“, a = 1,2,...,8, while {\"} is a set of
Gell-Mann matrices. They satisfy the Lie algebra
[t2, %] =i ferete (3.14)

where fe¢ are structure constants of the algebra, i.e. they are totally an-
tisymmetric. The generator t* and structure constant f¢ satisfy Jacobi
identity
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And there are related by
fere = —20Tr [t 1] t¢ (3.17)

Summary of some color algebra always used in quark-gluon scattering
amplitude calculation.
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The representations of the generator t* consist of i) fundamental repre-
sentation (¢*);; in the color triplet 1%, and ii) adjoin representation (¢*)* =
—if% on the color group basis. The basic properties of the generator ¢ are

Trit") =0, Tr[t*t’] = %56“’ (3.21)
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3.4 QCD elementary processes
3.4.1 ¢q — qq scattering

Feynman diagrams
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Figure 3.3: qq — qq scattering diagrams.

The amplitudes are
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Total amplitude, and the amplitude squared are
M = M, + My — |M|? = |M,|* + | M,|* + 2M M, (3.26)

Let us determine
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When averaged overall incoming states ans sum overall outgoing states, we
will have
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Next let us determine
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Since
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When averaged overall incoming states ans sum overall outgoing states, we
will have
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For the massless (energetic) quark, we will have
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3.4.2 qg — qg Compton scattering
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Figure 3.4: gqg — gqg Compton scattering diagrams.

3.4.3 gg — qq pair creation
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Figure 3.5: gg — qq pair creation diagrams.



