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We have developed a model in which we treat photoproduction of charmonia via the color dipole
approach taking into account the quantum fluctuations of the proton structure. These fluctuations
are characterized by hot spots, randomly generated in the transverse plane, whose number grows
with decreasing Bjorken-x. Our model successfully reproduces the F>(x, Q) data from HERA at
the relevant scale, as well as the exclusive and dissociative J /'¥ photoproduction data from H1 and
ALICE. Our model predicts that once the proton is fully populated by hot spots the dissociative
J /¥ cross section reaches a maximum and then decreases steeply with energy. Our prediction

provides a clear signature for gluon saturation at LHC energies.
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1. Introduction

Perturbative QCD predicts that the gluon density in hadrons grows with energy, or equiva-
lently with decreasing Bjorken-x, up to a point where non-linear effects manifest to slow down this
growth, a phenomenon known as gluon saturation; see e.g. [1].

Inclusive data on the proton structure function F>(x,Q?) from deeply inelastic scattering at
HERA [2] show that indeed the gluon density grows steeply at small x. At the same time the
analysis of these data is inconclusive regarding the question of gluon saturation, because the data
can be equally well described without, e.g. [2], or with, e.g. [3], the inclusion of saturation effects.

Exclusive vector meson photoproduction, see left panel of Fig 1, is sensitive to the distribution
of gluons in the impact parameter plane, through the dependence of the cross section on ¢, the
square of the momentum transfer at the target vertex.

In a Good-Walker formalism [4] exclusive diffractive processes are sensitive to the average
over the different configurations of the target, while dissociative processes, where the target gets
excited and produces many particles, measure the variance over the configurations [5].

In this contribution, we report on our studies [6], where we predicted the energy dependence
of exclusive and dissociative J /¥ photoproduction off protons, showing that it provides a clear
signature of gluon saturation at the LHC. Our calculation reproduces correctly the rise with Wy, of
this cross section as measured at HERA [7], and predicts that it reaches a maximum at W, =~ 500
GeV, followed by a steep decrease at higher energies. The LHC can explore a wide range of W,,,
from a few tens of GeV to more than a TeV, making it an ideal place to look for this clear signature
of gluon saturation.

2. The amplitude for photoproduction of vector mesons

Diagrams for the exclusive and dissociative production of vector mesons are shown in Fig. 1
where the photon source is a lead ion. In the dipole colour model [8, 9] the photon fluctuates into a
coherent quark-antiquark pair with the transverse distance 7, then this pair interacts with the target
at impact parameter b with the colour dipole cross section 0Oy, and finally the dipole forms a vector
meson. In this approach the amplitude can be written as follows (see for example [10]),

Kd Gdip
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where Wy is the wave function of the vector meson formed from ¢g state, ¥ is the wave func-
tion of a virtual photon fluctuating into a quark-antiquark colour dipole and z is the fraction of
the longitudinal momentum of the dipole carried by the quark. The subindices 7" and L refer to
the contribution of the transversal and longitudinal degrees of freedom of the quasi-real photon,
respectively. For W we use the definitions and parameter values of [11] and for Wy we use the
boosted gaussian model [12, 13], with the numerical values of the parameters as in [10].

The physics of the interaction is encoded in the dipole-target cross section, which is related,
via the optical theorem, to the imaginary part of the forward dipole-target amplitude N (x, ?,Z) :

d Gdip
db

= 2N(x,7,b) = 6N (x,r)T (). (2.2)



Dissociative charmonia photoproduction as a signal of gluon saturation at LHC Jan Cepila

We use a factorised form for the dipole amplitude (see [6]), where oy is a constant that provides

—

the normalisation and 7'(b) describes the proton profile in the impact parameter plane. We chose
the form of N(x,r) given by the GBW model [11]

NOBW (x, ) — <1 - e_eri(x)/4) 7 03 (x) = Q5(xo /)", Q% = 1GeV?, (2.3)

where A and xq are free parameters.

—

In our model all fluctuations are included in the proton profile 7'(b). Following [6, 14, 15] we
define the proton profile as the sum of Ny (x) regions of high gluon density, so called hot spots,
each of them having a gaussian distribution:

o 1 Nps (x) I oL 1 _(B-bp?
T(b)= Tys(b—b; Tys(b—b;) = Bns 24
( ) Nhs(x) z:zl hS( l), hS( l) 27Bg ‘ v 24

where each b; is obtained from a 2-dimensional gaussian distribution centred at (0,0) and having a
width B,,. The new ingredient in our model is that we introduce an indirect energy dependence of
the proton profile T(B) by making the number of hot spots grow with decreasing x. This implements
the hypothesis that, at a given fixed scale, as energy increases, the number of gluons available for
the interaction increases.

Using the amplitude (2.1), the cross sections are

do(yp—J/¥p) R; ‘< N
— LA, 0% 4)) 25
dt 167[ ('x? Q ) ) 7 ( )
for the exclusive process, and
do(yp—J/¥Y) R; N NEENE
¢ (A, 0% 4 —<A, ,A>‘ , 2.
— = ((Jaw e B ) | (aw.02.4) 2.6)
for dissociative production, where R, is the so-called skewedness correction [16] given by
243 T(Ae +5/2 dIn(A
Ry(Ag) = (A +5/ ), .= IIn(ALr) (2.7)
Vr o T(A;+4) dIn(1/x)

The final cross section is the sum of the 7 and L contributions.

3. Results

The parameters of the model were fixed as follows (see the discussion in [6]). The value of
A is constrained by the energy dependence of exclusive J /¥ photoproduction to A = 0.21. The
parameter B), is constrained by the ¢ distribution of the same data and set to B, = 4.7 GeV 2.
We define oy = 47nB,. The xo parameter is strongly correlated to oy, so once B, is fixed, the
normalisation of the data yields xo = 0.0002. The parameter B, is constrained by the r dependence
of the dissociative process and it is set to By, = 0.8 GeV 2. Finally, as we relate the number of hot
spots with the number of gluons available for the interaction, we parametrise

Nis(x) = pox” (1 + pav/x), (3.1
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Figure 1: Left: Diagram for exclusive and dissociative vector meson photo-production. In the dissociative
case the proton in the final state does not survive and produces a multi-particle final state Y. Right: Compari-
son of the model (solid lines) to data (open bullets) on the 7| distribution of exclusive (blue) and dissociative
(red) photoproduction of J/\¥ as measured by HI [7] at (Wyp> =78 GeV published in [6].

where we set pg = 0.011, p; = —0.58 and p, = 250. Note that the parameters are chosen so
that they describe simultaneously the energy dependence of H1 measurements of exclusive and
dissociative J /W photoproduction.

Although the model is relatively simple and has been developed to describe vector meson
photoproduction, it describes well the F>(x, Q2) data (see [6]). The comparison with H1 data [7]
on the ¢ dependence of J/¥ photoproduction is shown in the right panel of Fig. 1 for the data at
(Wy,) = 78 GeV. Both the exclusive and the dissociative processes are reasonably well described.
The left panel of Fig. 2 shows the energy dependence of the model and compares it to data from
H1 [7] and ALICE [17]. Again, the model describes quite well the data.

Our main result is shown in the right panel of Fig. 2. We show that the model describes
correctly the energy evolution of the dissociative cross section for the available data. We also
show that the model predicts that the cross section will reach a maximum at Wy, ~ 500 GeV and
it will then turn around and decrease for higher energies. This decrease of the dissociative J /¥
photoproduction cross section is significantly large and can be observed in the Wy, energy range
accessible at the LHC.

4. Summary and discussion

We have presented a model for the dissociative J /¥ photoproduction cross section. The model
incorporates a fluctuating hot spot structure of the proton in the impact parameter plane. The new
ingredient of the model is that the number of hot spots grows with decreasing x. The model de-
scribes correctly the behaviour of F>(x, Q) at the relevant scale, as well as the Wy, and ¢ depen-
dence of the exclusive and dissociative J /¥ photoproduction cross section as measured by H1 and
ALICE.

The energy dependence shown in the right panel of Fig. 2 has a geometrical origin reminiscent
of percolation. At some point the number of hot spots is so large that they overlap. When the
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Figure 2: Comparison of the model (solid lines) to data on the W,, dependence of the cross section for
exclusive (left) and dissociative (right) photoproduction of J/¥ as measured by H1 [7] and ALICE [17]
(open and solid bullets, respectively).

overlap is large enough, different configurations look the same and the variance decreases. The
model predicts that the energy dependence of the dissociative process increases from low energies
up to a maximum and then decreases steeply. For the parameters that we have employed in our
study, the maximum at Wy, ~ 500 GeV is reached when some 10 hot spots are present, indicating
a sizeable overlap of hot spots. This behaviour happens within the energy range accessible at the
LHC.

In our model the shape of the ¢ dependence of the cross sections for the dissociative and
exclusive processes does not vary with x. However, if the dissociative J /¥ cross section disappears
at relatively high energies as predicted in our model, it will simplify subtracting the dissociative
background in the measurement of the ¢ distribution of exclusive vector meson photoproduction,
particularly at large || values. This is important since the appearance of diffractive dips in the 7-
distribution at large || has been proposed as a good observable for gluon saturation effects [18, 19].
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