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bosons carry the charge of the interaction, colour in case of QCD, and thus are
able to couple directly to themselves. The fermionic part of the Lagrangian is
a sum over all quark flavours, again featuring a free field term and a term for
the quark–gluon coupling. The triple-gluon and the quark–gluon coupling are
proportional to the gauge coupling gs, the four-gluon coupling is proportional to
g2

s . In addition the amplitudes associated with the individual couplings depend
on the detailed structure of the underlying symmetry group. Quark colours are
indexed by i, j = 1, 2, 3, gluon colours by a, b, c, d, e = 1, . . . , 8. The three-gluon
coupling between gluons of colour states a,b and c is proportional to the struc-
ture constant fabc, and the coupling between two quarks of colours i and j to a
gluon of type a is proportional to the matrix element T a

ij .
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Fig. 2.9. Pictorial respresentation of the QCD Lagrangian. Figure from
Schmelling(1995a).

The physics content of the QCD Lagrangian is further discussed in the follow-
ing chapter and in the problems Ex. (2-2) and Ex. (2-3) given below. It is shown
explicitly, that there is a full symmetry in all colours with respect to physics,
which is maybe not entirely obvious from the representation of the Gell-Mann
matrices or the numerical values of the structure constants. One finds that the
probability for gluon emission is the same for all quark colours, that the prob-
ability for gluon splitting into quark pairs is the same for all gluon states as is
the probability of a gluon splitting into secondary gluons. Denoting the relative
strengths of the splitting probabilities with CF , CA and TF for gluon radiation
off a quark, gluon splitting into two gluons and gluon splitting into two quarks,
respectively, QCD predicts

CF =
4
3
, CA = 3 and TF =

1
2

. (2.40)


