
QCD in the limit of the large number of colors Nc.2 Generalization of Eq. (1.3) beyond the
large-Nc limit is accomplished by the Jalilian-Marian–Iancu–McLerran–Weigert–Leonidov–
Kovner (JIMWLK) [62, 64, 65, 68, 69] evolution equation, which is a functional differential
equation.

The physical impact of the quadratic term on the right of Eq. (1.3) is clear: it slows down
the small-x evolution, leading to parton saturation, when the number density of partons
stops growing with decreasing x. The corresponding total cross sections satisfy the black
disk limit of Eq. (1.2). The effect of gluon mergers becomes important when the quadratic
term in Eq. (1.3) becomes comparable to the linear term on the right-hand-side. This gives
rise to the saturation scale Qs, which grows as Q2

s ∼ (1/x)λ with decreasing x [55, 61,96].

1.1.2 Classical Gluon Fields and the Nuclear “Oomph” Factor

We have argued above that parton saturation is a universal phenomenon, valid both for
scattering on a proton or a nucleus. Here we demonstrate that nuclei provide an extra
enhancement of the saturation phenomenon, making it easier to observe and study experi-
mentally.

Imagine a large nucleus (a heavy ion), which was boosted to some ultrarelativistic ve-
locity, as shown in Fig. 1.4. We are interested in the dynamics of small-x gluons in the
wave function of this relativistic nucleus. One can show that due to the Heisenberg un-
certainly principle the small-x gluons interact with the whole nucleus coherently in the
longitudinal (beam) direction: therefore, only the transverse plane distribution of nucleons

Boost

Figure 1.4: Large nucleus before and after an ultrarelativistic boost.

is important for the small-x wave function. As one can see from Fig. 1.4, after the boost,
the nucleons, as “seen” by the small-x gluons with large longitudinal wavelength, appear
to overlap with each other in the transverse plane, leading to high parton density. Large
occupation number of color charges (partons) leads to classical gluon field dominating the
small-x wave function of the nucleus. This is the essence of the McLerran-Venugopalan
(MV) model [94]. According to the MV model, the dominant gluon field is given by the
solution of the classical Yang-Mills equations, which are the QCD analogue of Maxwell
equations of electrodynamics.

2An equation of this type was originally suggested by Gribov, Levin and Ryskin in [55] and by Mueller
and Qiu in [97], though at the time it was assumed that the quadratic term was only the first non-linear
correction with higher order terms expected to be present as well: in [28,78] the exact form of the equation
was found, and it was shown that in the large-Nc limit Eq. (1.3) does not have any higher-order terms in N .
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