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Exclusive vector meson production at the EIC
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We discuss how vector meson production at the future Electron Ion Collider can be used
to probe non-linear dynamics in heavy nuclei. Additionally, the potential to study the
evolution of proton and nuclear geometries with event-by-event fluctuations is illustrated.

1. Introduction

Exclusive vector meson production is a very powerful tool to probe the internal
structure of protons and nuclei. In these processes no color string between the target
and the produced particle can exist (as it would break and produce many particles).
Thus, there can not be net color transfer to the target, which in perturbative QCD
requires at least two gluons to be exchanged. Consequently, the cross section is
approximatively proportional to the squared gluon distribution®.

Good sensitivity on the small-z gluonic structure makes exclusive processes po-
tentially very powerful in studies of non-linear saturation effects. As the gluon
densities rise towards small  due to the enhanced radiation of soft gluons in QCD,
at some point it is expected that one reaches the limit where non linear effects tame
this growth. As a result, anew state of matter where color fields are as strong as
allowed in the nature is formed. An effective field theory describing QCD in this
regime is known as the Color Glass Condensate?.

Additionally, in exclusive process the total momentum transfer can be measured
by reconstructing the momentum of the produced particle and that of the outgoing
lepton. As the transverse momentum transfer is the Fourier conjugate to the impact
parameter, these processes at high energies provide access to the spatial distribution
of small Bjorken-z gluons in the target wave function, as well as to the event-by-
event geometry fluctuations as discussed below.

2. Proton structure

At high energies, the cross section for the exclusive production of the vector meson
Vecan be written as®

Al P—>VP /d2 /d2 / (U Ty )7 (@21, 2)e P02 AN (r b, 2p),
(1)

where U* WUy, is the overlap between the virtual photon wave function (computed
from QED) and the vector meson wave function (modelled), and the dipole ampli-
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Fig. 1. Total cross

section for J/¥photoproduction as a function Fig. 2. Incoherent-to-coherent cross section

of collision energy from3 ratio as a function of W from*.

tude IV describes the scattering of a dipole with size roff the target, with the impact
parameter b. Here T'and L refer to the photon polarization.
When the target remains intact, we talk about coherent diffraction and the cross

. 2
dg¥ ' P2Ve g Y*p—Vp .
do = = [(A}F )| . Here the avarage ()is taken

over the possible configurations of the target, and consequently the cross section

section can be written as

is sensitive on the average bdependence of the dipole-target interaction. On the
other hand, if one subtracts the coherent contribution from the total diffractive
cross section, the incoherent contribution where the target is required to break up

remains: W = 16% (<|A7*’HV’”2> — |<A7*p%Vp>|2> . As this cross section

is a variance, it measures the amount of event-by-event fluctuations in the impact
parameter dependence of N, and thus the amount of density fluctuations.

The Bjorken-zevolution of the dipole amplitude Ncan be computed perturba-
tively (see e.g.®) However, the initial condition for the evolution is non-perturbative
and is usually obtained by fitting the HERA structure function data. When con-
sidering exclusive processes additional complications arise as one has to describe
also the geometry evolution, which is sensitive to infrared dynamics. For example
in Ref.4 the geometry evolution from JIMWLK evolution equation was included in
the analysis of the HERA data. An alternative approach is to parametrize the z
dependence and geometry as e.g. in the IPsat model.

Different experiments at HERA and at the LHC have measured J/¥production
in photon-proton interaction at different center-of-mass energies W. As this cross
section is generally expected to be sensitive to saturation effects, in Ref.? the IPsat
model parametrization for the dipole-proton interaction, and its linearized version
(IPnonsat), were fitted to the HERA structure function data. In both cases, equally
good description of the total cross section data was obtained. Then, the vector
meson production as a function of Wwas calculated and compared with the available
data. The results are shown in Fig. 1, where it is seen that the non-linear effects
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Fig. 3. Nuclear suppression factor for coherent  Fig. 4. J/¥production cross section as a func-
vector meson production from3. tion of squared momentum transfer from?.

are small in the currently available energy range with proton targets.

The geometry evolution in Ref.? makes it possible to study how the event-
by-event fluctuations evolve towards small . As discussed in Refs.”8, the event-
by-event fluctuating proton shape can be constrained by requiring a simultaneous
description of the coherent and incoherent J/¥production ¢ spectra from HERA.
This analysis shows that at x ~ 1073 the fluctuations are significant. Then, one
can perform a JIMWLK evolution down to small . What is found in Ref.? is
that the evolution makes protons smoother at long distance scales. This causes the
incoherent cross section to grow more slowly than the coherent cross section (note
that in the black disk limit the incoherent cross section is suppressed as it gets
contributions only from the edges of the target). This observation is compatible
with the HERA measurements as shown in Fig. 2. In the IPsat model, on the other
hand, there is no geometry evolution and the cross section ratio is constant.

3. From protons to heavy nuclei

As gluon densities at given transverse point are enhanced by roughly A'/3, vector
meson production off nuclei is a promising process to look for saturation effects'C.

The size rof the interacting dipole is set by the vector meson mass My, such that
|r| ~ 1/My. Very small dipoles have vanishing interaction probability due to the
color transparency. Similarly, larger dipoles interact more strongly and as such are
more sensitive to saturation effects. In Fig. 3 the cross section for exclusive vector
meson production off gold nucleus is shown, divided by the same cross section off
protons normalized such that in the absence of non-linear effects the ratio would be
unity. This indeed is the case when the linear IPnonsat model is used to calculate
dipole-nucleus interaction.

In the IPsat parametrization which includes saturation, the suppression factor
is found to depend strongly on the meson mass, the light p and ¢mesons being more
heavily suppressed than J/W¥. In Fig. 3 the suppression is shown as a function of
photon virtuality @2, which also controls the dipole size. At large virtualities the
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dipoles are in general smaller and suppression vanishes. However, this transition
is relatively slow, due to the significant contribution from the large dipoles to the
transverse cross section even at large Q?, see Ref.? for more details.

Finally in Fig. 4 the coherent and incoherent J/¥ photoproduction cross section
off lead are shown in the LHC kinematics. The results are shown in two cases:
with proton shape and normalization (Qs) fluctuations, and with nucleons having
no substructure (dashed lines). As the substructure has little effect on average
geometry, the coherent cross sections are compatible. The incoherent cross sections,
on the other hand, are very different at |t| > 0.2 GeV?, which corresponds to the
distance scale of the hot spots in nucleons.

4. Outlook

New nuclear DIS data at high energies, both from the ultra peripheral heavy ion
collisions at the LHC and from the future EIC, will provide us a new window for the
studies of non-linear dynamics in the dense QCD matter. In addition to saturation
effects, it will also be possible to study the evolution of the fluctuating transverse
geometry, which is fundamentally interesting and provides crucial input for the
modelling of Quark Gluon Plasma production.
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