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QCD evolution based evidence for the onset of
gluon saturation in exclusive photo-production of
vector mesons
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We investigate photo-production of vector mesons J/Psi and Upsilon measured both at HERA
and LHC, using 2 particular fits of inclusive unintegrated gluon distributions. We find that linear
next-to-leading order evolution can only describe production at highest energies, if perturbative
corrections are increased to unnaturally large values; rendering this corrections to a perturbative
size, the growth with energy is too strong and the description fails. At the same time, the KS gluon,
which we explore both with and without non-linear corrections, requires the latter to achieve an
accurate description of the energy dependence of data. We interpret this observation as a clear
signal for the presence of high gluon densities in the proton, characteristic for the onset of gluon
saturation.
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Signs of gluon saturation at the LHC Martin Hentschinski

1. Introduction

The observed power-like rise of the gluon distribution at small x, with x = M2/s the ratio of
the hard scale M and the center of mass energy

√
s cannot continue forever. Unitarity dictates

that the observed rise in x must eventually slow down and come to hold. This is to be achieved
through the formation of an over occupied system of gluons, which eventually leads to saturation
of gluon densities [1]; finding convincing phenomenological evidence for gluon saturation is one
of the open problems of Quantum Chromodynamics (QCD). The evolution from the low to large
gluon densities is described by a set of nonlinear evolution equations, known as Balitsky-Jalilian-
Marian-Iancu-McLerran-Weigert-Leonidov-Kovner; its frequently used mean field version is given
by the Balitsky Kovchegov (BK) [2] evolution equation.

2. Results

At the Large Hadron Collider, the region of interest, namely very low x and a hard scale close to
the non-perturbative boundary, can be investigated by exclusive photo-production of vector mesons.
For this observable a large amount of data has been collected both for the production of J/Ψ and
ϒ vector mesons. The hard scale is in both cases provided by the heavy quark mass, i.e. the charm
(J/Ψ) and bottom ( ϒ) quark mass. In the case of the J/Ψ one is therefore able to reach very
small x values at a low transverse scale, which allows for the potential observation of saturation
effects. Photo-production of the ϒ provides on the other hand a cross-check of the description
well in the perturbative domain, where such effects are genuinely expected to be absent. In the
following we present our results, comparing both linear next-to-leading order BFKL evolution,
the Hentschinski-Salas-Sabio Vera (HSS)[7] unintegrated gluon and a particular solution to BK-
evolution, with initial conditions fitted to combined HERA data by Kutak-Sapeta (KS) [11]. At
first we find that both linear and non-linear evolution describe data, see Fig. 1, if the hard scale is
identified with the a typical external scale, such as the heavy quark mass. Taking however a closer
look at the dipole cross-section associated with the HSS-gluon one realizes that the perturbative
expansion underlying the particular fit turns out the be unstable for the highest LHC energies, see
[9] for a detailed discussion. This instability is easily cured, if one fixes the hard scale instead to
the inverse transverse separation of the quark-anti-quark dipole. Indeed both for ϒ production and
J/Ψ production in the HERA region, changing the renormalization scale merely leads to a slight
shift of the result, comparable to the order of a typical variation of the renormalization scale, see
e.g. [10]. On the other hand the stabilized linear NLO BFKL evolution overshoots data for the
J/Ψ in the LHC region. At the same time the energy dependence of the data is very well described
by the non-linear KS gluon. To assess the importance of the non-linearities in the solution, we
also compare to the KS-gluon with non-linearities turned off (dashed black line): We observe that
the linear KS-gluon overshoots data. We therefore conclude that non-linear effects are essential to
describe the energy dependence of J/Ψ data in the LHC region. We interpret this as a clear sign
for the onset of saturation effects in this region of phase space.

3. Conclusions

The observed slow-down of the growth with energy is one of the core predictions of gluon
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Figure 1: Energy dependence of the J/Ψ and ϒ photo-production cross-section as provided by the KS and
HSS gluon distribution. The HSS distribution with dipole size scale corresponds to a specific scale setting
for the HSS gluon discussed in Sec. 2. For the J/Ψ we further display photo-production data measured at
HERA by ZEUS and H1 collaborations [3] as well as LHC data obtained from ALICE and LHCb [4]. For
the ϒ cross-section we show HERA data measured by H1 and ZEUS [5] and LHC data by LHCb and CMS
[6].
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saturation, which we find in data, once we ensure stability of the NLO BFKL evolution. It is worth
to note in this context that [12] arrives at a similar conclusion for the process of photo-production
of vector mesons. To further establish the observation made in this contribution it is necessary to
search for different observables which probe the low x gluon in a similar kinematic regime and to
increase further the theoretical accuracy of the underlying framework.
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