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We present predictions for the dissociative photo- and electroproduction of light and heavy vector
mesons off protons. The computation is based on the energy-dependent hot-spot model which
incorporates geometric fluctuations of the target-proton partonic structure in the impact-parameter
plane. We observe a striking feature of the dissociative cross section as a function of the center-of-
mass energy of the photon-proton system. The cross section presents a maximum, whose position
depends on the mass of the vector meson and the virtuality of the exchanged photon. By using the
positions of these maxima, we define a geometric saturation scale. We find that this scale grows
linearly with energy as a function of the scale of the process and we discuss the possibility to
map this scale experimentally with respect to the kinematical reach of the proposed electron-ion
colliders, JLEIC, eRHIC, and LHeC. This contribution presents results published in Phys. Rev.
D 99, 034025 (2019).
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1. Introduction

Quantum chromodynamics (QCD) predicts a linear evolution of the partonic structure of
hadrons with energy. However at some point, this behavior is predicted to change with the onset of
nonlinear effects and the hadron subsequently enters a so-called saturated regime. The production
of vector mesons has been advocated as a good probe of saturation effects at the LHC [1] and at
planned EIC facilities [2, 3]. In the dissociative process, the incoming electron emits a photon.
This photon, which can be quasi-real or it can have a large virtuality Q2, interacts with the target
proton. Subsequently, a vector meson is produced and the proton is broken into a hadronic system.
This process can be related to the fluctuations of the partonic structure of the proton within the
Good-Walker approach [4, 5]. This approach was followed in [1] and using a so called energy-
dependent hot-spot model, the authors shown that the total dissociative J/ψ photoproduction cross
section presents a maximum as a function of the center-of-mass energy Wγp of the photon-proton
system. The scale dependence of the photo- and electroproduction for various vector mesons has
been studied in [6]. This contribution reviews the predictions of [6] for the geometrical saturation
scale defined by the maxima of dissociative vector meson cross section. The text is organized as
follows. In Sec. 2 we summarize the formalism of the dissociative vector meson production within
the energy-dependent hot-spot model, in Sec. 3, we present some selected predictions of our model
for dissociative vector meson cross sections and compare them with the available experimental
data. In this section, we also discuss the predicted geometrical saturation scale, and in Sec. 4, we
give a brief conclusion.

2. Dissociative production of vector mesons in an energy-dependent hot-spot model

The dissociative cross section to produce a vector meson V is given as a variance over different
target configurations (for details and a full list of references see [6])

dσ γ∗p→VY

d|t|

∣∣∣∣
T,L

=
(RT,L

g )2

16π

(
〈|AT,L|2〉− |〈AT,L〉|2

)
, (2.1)

where AT,L is the photon-proton scattering amplitude which can be expressed as

AT,L(x,Q2,~∆) = i
∫

d~r
1∫

0

dz
4π

∫
d~b|Ψ∗VΨγ∗ |T,L exp

[
−i
(
~b− (1− z)~r

)
~∆
] dσqq̄

d~b
, (2.2)

where x is the momentum fraction of the exchanged pomeron,~r is the transverse size of the color
dipole, and~b is the impact parameter. In the impact-parameter factorized form, the dipole-proton
cross section is dσqq̄

d~b
= σ0N(x,r)Tp(~b), where Tp(~b) is the function which describes the proton

profile in the transverse plane, σ0 is a normalization parameter, and N(x,~r) is the dipole-proton
scattering amplitude with the prescription given by the Golec-Biernat and Wusthoff model [7, 8].

In the energy-dependent hot-spot model [1], the proton is seen as a set of hot spots (regions
with high gluon density). The proton profile function describes the positions of the hot spots in the
impact-parameter plane as

Tp(~b) =
1

Nhs

Nhs

∑
i=1

Ths

(
~b−~bi

)
; Ths(~b−~bi) =

1
2πBhs

e−
(~b−~bi)

2

2Bhs , (2.3)
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where Bp and Bhs are related to the mean square radius of the proton and hot spot, respectively. The
energy-evolution of the proton structure is ensured by the number of hot spots Nhs increasing with
decreasing x. The positions in b and number of hot spots fluctuate event-by-event. For the detailed
description of the model and it’s parameters, see [1, 6, 9].

3. Predictions of the model

3.1 Dissociative production of vector mesons compared with data

We predict an energy Wγp dependence of the dissociative photo- and electroproduction of
vector mesons off the proton target using the above briefly introduced model. In this contribution,
we show the predictions for ρ and J/ψ mesons and compare them with the available experimental
data. The predictions for other vector mesons as well as for the exclusive process are listed in [6].

Figure 1 shows the predictions of the model for the energy Wγp dependence of the dissocia-
tive cross section for ρ (left) and J/ψ (right) vector meson production. Predictions at different
virtualities are compared with HERA data [10, 11, 12] showing a good agreement in all cases.

3.2 Geometrical saturation scale

As it has been observed in [1], the total dissociative cross section at first grows with increasing
energy Wγp. However, this growth stops at some point and when going to even higher energies,
the cross section decreases as a function of Wγp. This phenomenon is clearly present for various
vector mesons (for full list see [6]). We have also observed that the position of this maximum as
a function of Wγp is shifted towards higher energies as the mass of the vector meson and Q2 of the
exchanged photon increases.

This behavior is caused by the form of the cross section in Eq. 2.1. The dissociative process
is sensitive to the variance over different configurations of the fluctuating proton structure. As the
number of hot spots, which have the same size in the transverse plane in our model, grows with
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Figure 1: Comparison of the model predictions (solid lines) with the experimental data for the Wγp depen-
dence of the dissociative photo- and electroproduction cross section of vector mesons. Left: Predictions for
a ρ meson compared with HERA data [10, 11]. Right: Predictions for a J/ψ meson compared with H1 [12]
data. Figures taken from [6].
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increasing Wγp, the proton area is being filled. At some point, the available area of the proton is
filled with overlapping hot spots and all the possible configurations start to look alike which causes
the variance to start decreasing. The maxima of the dissociative cross section are located at a well
defined point in Wγp at a given scale of the process – these points form a scale which we call the
geometric saturation scale. In general, this scale can have different behavior than a saturation scale
Qs(x) [7, 8] and in the following, we discuss its origin and some of its properties studied in [6].

We show this scale in Fig. 2. The points represent the energy WGSS (left plot) and related xGSS

(right plot) at which the maxima are located for each vector meson, defined by its mass M2, and
for each virtuality Q2 of the exchanged photon. The value at the maximum can fluctuate because
the predictions are based on a random process. We take into account these fluctuations by taking a
region containing 1% of the largest cross section values to determine the location of the maximum
and to estimate the associated uncertainty.
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Figure 2: Left: Position of the maxima of the dissociative cross sections (markers) and an estimation of the
related uncertainty (bars) as a function of Q2 +M2. Right: the same data as in the left panel, but translating
WGSS into xGSS. The green lines represent the kinematic reach of some of the proposed future electron-ion
colliders. The red lines in both plots are fits to the extracted maximum position, for details see [6].

We find that the dependence of WGSS on Q2 +M2, which represents the measure of the scale
of the process, presents a linear behavior. This linear behavior is also present in logarithmic 1/xGSS

vs Q2 +M2 plot. In the same figure, we show the kinematic reach of some of the proposed future
electron-ion facilities. It is very interesting to see that this phenomenon could be measured at
all the proposed facilities for various vector mesons. The envisaged capabilities of the proposed
JLEIC and eRHIC detectors could be able to investigate the positions of the maxima for light
vector mesons ρ and φ at relatively low virtualities. To measure this phenomenon for photo-
and electroproduction of J/ψ , one needs the capabilities of LHC and LHeC, while heavier vector
mesons like ϒ(1S) or ϒ(2S) are beyond the reach of the proposed electron-ion colliders.

4. Conclusions

In this contribution, we have presented the predictions for the total dissociative photo- and
electroproduction of vector mesons ρ and J/ψ off protons using the energy-dependent hot-spot
model. We observe a striking behavior of the dissociative cross section as a function of energy
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Wγp – the cross section rises at low energies and at some point, it reaches a maximum and de-
creases afterwards. This phenomenon can be tracked down to the variance over different proton
configurations in the impact parameter plane – when going to low x, the hot spots start to overlap
which causes the possible configurations to look alike and therefore, the variance decreases. We
use these maxima to define the geometric saturation scale which we find to follow a linear behavior
in ln

(
1

xGSS

)
with respect to the logarithmic scale of the process. This phenomenon is caused by

the geometric fluctuations of the proton in the transverse plane and the arising geometric saturation
scale could be mapped at future EIC facilities.
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