25. Quantum chromodynamics 195

25. QUANTUM CHROMODYNAMICS

25.1. The QCD Lagrangian Prepared January 1994 by I. Hinchliffe.

Quantum Chromodynamics (QCD), the gauge field theory which describes the strong interactions of colored quarks and gluons, is one of the components of the SU(3)×SU(2)×U(1) Standard Model.

The principle of “asymptotic freedom” determines that the renormalized QCD coupling is small only at high energies, and it is only in this domain that high-precision tests—similar to those in QED—can be performed using perturbation theory. Nonetheless, there has been in recent years much progress in understanding and quantifying the predictions of QCD in the nonperturbative domain, for example in soft hadronic processes and on the lattice [2]. This short review will concentrate on QCD at short distances (large momentum transfers), where perturbation theory is the standard tool.

There is one fundamental constant of QCD that must be determined from experiment. The most sensible choice for this constant is the value of αs at a fixed-reference scale μ_0, but it is more conventional to introduce the dimensional parameter Λ since this provides a parametrization of the μ dependence of αs. The definition of Λ is arbitrary. One way to define it (adopted here) is

αs(μ) = 4π β_0 ln (μ^2/Λ^2) [ 1 − 2β_1 β^2_0 ln [ ln (μ^2/Λ^2) ] ln (μ^2/Λ^2) + 4β^2_1 β^4_0 ln^2(μ^2/Λ^2) × (( ln [ ln (μ^2/Λ^2) ] − 1 2 )_2 + β_2β_0 8β^2_1 − 5 4 )] (25.5a)

This solution illustrates the asymptotic freedom property: αs → 0 as μ → ∞. Alternative definitions of Λ are possible.

In the above discussion we have ignored quark-mass effects, i.e., we have assumed an idealized situation where quarks of mass greater than μ are neglected completely. In this picture, the β-function coefficients in the expression for αs change by discrete amounts as flavor thresholds are crossed when integrating the differential equation for αs. It follows that, for a relationship such as Eq. (25.5) to remain valid for all values of μ, crossed. Hence Λ must also change as flavor thresholds are crossed. This leads to the concept of a different Λ for each range of μ corresponding to an effective number of massless quarks: Λ → Λ^(n^{f )}. There is some arbitrariness in how this relationship is set up.

See the full edition of this Review for more details. 25.3. QCD in deep-inelastic scattering

The original and still one of the most powerful quantitative tests of perturbative QCD is the breaking of Bjorken scaling in deep-inelastic