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We perform a global Bayesian analysis of coherent and incoherent diffractive J/y photoproduction in
vy + p and y + Pb collisions using a color glass condensate (CGC)-based framework and ultraperipheral
collision data from the Large Hadron Collider (LHC), corrected for the expected effect of electromagnetic
dissociation (EMD). Using Gaussian-process emulators of the underlying CGC calculations, we infer model
parameters from a combined set of HERA and LHC measurements. We find that the y + Pb data with EMD
correction substantially reduce the previously observed tension between proton and nuclear datasets,
enabling a consistent simultaneous description of diffractive J/y production in y + p and y + Pb collisions

within the CGC framework.
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Introduction. Understanding the behavior of gluons at
small parton momentum fractions x is critical to under-
stand the fundamental properties of hadrons and nuclei. At
sufficiently small x, the rapid growth of gluon density is
expected to be moderated by nonlinear recombination
effects, leading to the emergence of a saturated state
described by the color glass condensate (CGC) effective
theory [1-7] of quantum chromodynamics (QCD).
Diffractive vector meson production is a sensitive probe
of this regime, because at leading order its cross section
depends on the square of the target gluon density [8]. It
also provides access to the target’s spatial structure and
structure fluctuations [9,10].

CGC-based calculations have successfully described
coherent and incoherent diffractive J/y photoproduction
in y+ p collisions measured at HERA and LHC
[9,11-14], and will play a crucial role in the upcoming
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Electron Ion Collider (EIC) era [15]. Applying this
framework to ultraperipheral heavy-ion collisions
[16,17] enables studies of nuclear gluon distributions,
suppression effects, and nuclear structure [18]. However,
calculations constrained by proton data generally predict a
stronger energy dependence (less suppression at large
photon-nucleus center-of-mass energy W) of diffractive
J/w production in y + Pb collisions than observed exper-
imentally, resulting in a persistent tension between proton
and nuclear measurements [19-22]. Our recent global
Bayesian analysis [23] confirmed this tension. We found
that a reasonable simultaneous description of y + p and
y + Pb data within the considered framework could not be
achieved without introducing an overall K factor in
Eq. (1) that multiplies all cross sections and is signifi-
cantly smaller than unity. This suppression was compen-
sated by a larger saturation scale, which enhanced the
nonlinear dynamics [23], leading to a stronger suppres-
sion of the y + Pb cross section at high collision energy.

Recently, it was demonstrated that electromagnetic
dissociation (EMD) can cause exclusive ultraperipheral
events to fail experimental exclusivity requirements [24]. If
this occurs, it would lead to a systematic underestimation of
the extracted y + Pb cross sections. Correcting for this
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effect substantially modifies the energy dependence of
diffractive J/y production in nuclei.

In this Letter, we revisit the global Bayesian analysis
of coherent and incoherent diffractive J/y production in
y + p and y + Pb collisions using experimental data with
the additional EMD correction applied [24]. Employing the
global analysis framework introduced in our previous work
[23], we perform a new analysis without additional model
assumptions. We find that the corrected data largely remove
the previously observed tension and enable a consistent
simultaneous description of proton and nuclear measure-
ments within the CGC framework. If the LHC experiments
confirm the EMD correction, our result will demonstrate
the consistency of gluon saturation effects predicted by the
CGC with diffractive vector meson production data off
protons and heavy nuclei.

Theoretical framework. We calculate coherent and incoher-
ent diffractive J/yw photoproduction using the same CGC
framework as in Refs. [18,20,21,23,25,26]. The coherent
and incoherent cross sections are obtained from the average
and variance of the diffractive scattering amplitude A over
target configurations Q [10,27,28],
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where K is an overall normalization factor accounting for
uncertainties from the vector meson wave function and
higher-order corrections. It was introduced to test whether
the tensions in the model without a K factor could be
resolved this way [23].

The diffractive scattering amplitude is calculated in the
dipole picture as the convolution of the photon—vector
meson wave-function overlap with the dipole-target scat-
tering amplitude. We employ the boosted Gaussian para-
metrization for the J/y wave function [28].

The dipole amplitude is constructed from Wilson lines
using the McLerran-Venugopalan model at x, = 0.01 and
evolved to smaller x via event-by-event Jalilian-Marian,
lancu, McLerran, Weigert, Leonidov, Kovner (JIMWLK)
evolution [29,30]. Proton shape fluctuations are modeled
using a constituent hot-spot picture, while nuclear con-
figurations are obtained from Woods-Saxon sampled
nucleon positions (with each nucleon constructed using
the same geometric model as the proton). Further details
about the framework can be found in Refs. [20,23].

Following Ref. [23], model parameters are constrained
using a multivariate Gaussian likelihood that includes only
the diagonal part of the experimental covariance matrix and
emulator uncertainties. Model calculations are replaced by
Gaussian-process emulators trained on a large set of full
CGC simulations. In this work, no new emulator training is

required; we directly reuse the validated emulators from
Ref. [23] and update the inference analysis using recently
published EMD-corrected y 4 Pb data. Uniform priors are
adopted for all model parameters, and posterior distribu-
tions are sampled using the pocoMC package [31,32].

The Bayesian analysis constrains the same parameter set
as in Ref. [23]. The most important parameters characterize
the proton geometry and its fluctuations (proton size B, hot
spot size B,, and magnitude of Q fluctuations o), the

overall color charge density through the ratio Q,/(¢g*u), and
infrared regulators controlling the long-distance behavior of
the Wilson lines and JIMWLK evolution (m and mpwix)-
The evolution speed is governed by the effective scale
parameter Agcp, parametrizing the scale at which the
running coupling is evaluated in coordinate space, while
an optional overall normalization factor K accounts for
residual theoretical uncertainties such as those associated
with the vector meson wave function and higher-order
corrections. Explicit expressions including these parameters
are not shown here; we refer the reader to Ref. [23] for
details.

The difference relative to Ref. [23] is the replacement of
the previously used ultraperipheral collision data by the
measurements including the EMD correction. This allows
us to directly quantify the impact of the EMD-based veto
correction of experimental data on the inferred model
parameters and on the simultaneous description of y + p
and y + Pb data.

Specifically, we update the dataset used in the Bayesian
analysis to include the recently published EMD-corrected
integrated y 4+ Pb cross sections from Ref. [24] instead of
the original y + Pb data. As mentioned above, these data
points lie within the kinematic range covered by the
Gaussian-process emulators constructed in Ref. [23], and
no retraining of the emulators is required.

Three integrated cross section data points from the
ALICE Collaboration at W ~ 100 GeV are not explicitly
provided in EMD-corrected form in Ref. [24]. In this case,
we remove the corresponding entries from the emulator-
based prediction vector used in the likelihood. The EMD-
corrected dataset includes an ATLAS point in the same W
region. We include this point in the fit by interpolating the
emulator prediction as a function of W within the corre-
sponding kinematical region.

The |¢|-differential y + Pb measurements from ALICE
[33,34] are not yet available in EMD-corrected form. To
avoid introducing a systematic bias from this inconsistency,
we do not include their absolute normalization in the fit.
Instead, we rescale both the coherent and incoherent |¢|
spectra to match the lowest-|¢f| points using a single
combined scaling factor for the |¢|-differential emulator
predictions for this system. This effectively includes only
|t|-shape information from this dataset in the likelihood.
This procedure ensures that the nuclear data constrain the
t-dependence independently of the overall normalization,
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Posterior distributions from the global analysis with (full) and without (dash-dotted) the normalization factor K. Dotted curves

show results from Ref. [23], where K # 1 and the bimodal posterior reflects tension between proton and nuclear observables. Numbers
above each panel denote the median and 90% credible interval; shown parameter ranges correspond to the prior ranges.

which is fixed by the integrated EMD-corrected cross
sections.

Results. We perform a new global Bayesian analysis of
diffractive J/y production in y + p and y + Pb collisions,
including the datasets discussed in Sec. [23].

We first perform a global Bayesian analysis including
both datasets. To assess whether the additional normaliza-
tion freedom introduced in Ref. [23] remains necessary
when using the nuclear data with EMD correction, we
perform fits both with and without the normalization factor
K. The corresponding posterior distributions for the com-
bined fits are shown in Fig. 1. The results with and without
the K factor are nearly indistinguishable.

For comparison, we also show the corresponding pos-
terior distribution obtained in Ref. [23] using the setup with
the K factor. That analysis included published experimental
data (i.e., no additional EMD correction from [24]), and
found that the parameters related to the JIMWLK evolution
(mymnwik»> Agep) exhibit multimodality, and furthermore a
relatively small K ~ 0.3 was required. These features were
interpreted [23] to originate from the fact that within the
applied setup, there is some tension between the y + p and
y + Pb datasets. These features are not visible anymore
when the data with EMD-correction are used in the fit.
Instead, both my w1k and Agcp are well constrained, and
the additional normalization freedom is not required by the
data anymore (K = 1 is preferred by the Bayesian fit). We
note that this does not mean that there are no model
uncertainties (which K was supposed to represent), but
merely that the model components, such as the vector
meson wave function, are compatible with the data as is.

The corresponding model predictions are shown in Fig. 2
with the uncertainty bands reflecting the standard deviation
from 25 posterior samples. The combined fit provides a
consistent description of both y + p and (EMD-corrected)

y + Pb integrated cross sections. At the same time, the
proton differential spectra are described with the same
quality as in Ref. [23], and the shape of the nuclear
|¢|-distributions is well reproduced. Overall, the inclusion
of the EMD correction in the data resolves the previously
observed tension between proton and nuclear systems
within the present CGC framework. Using the mean and
standard deviation from the 25 posterior samples, we obtain
reduced chi-square values of 2, = 1.68 and 1.78 for the
fits with and without the additional K factor, respectively.

The similarity of the posterior distributions and model
predictions obtained with and without the K factor suggests
that the additional normalization freedom may no longer be
required. To quantify this observation, we perform a
Bayesian model comparison using the Bayes factor, which
compares the evidence of competing models after integrat-
ing over their parameter spaces [43,44]. Unlike a compari-
son based solely on best-fit likelihoods, the Bayes factor
penalizes unnecessary model complexity. To quantify this,
we compute Bayes factors comparing the baseline model
and the extended model:

Byp =5~ (2)

where A denotes the baseline model with fixed K = 1, B
denotes the extended model with free K, and P(yey,|A)
denotes the Bayesian evidence of model A, obtained by
marginalizing the likelihood over the full parameter space.
We find In B,z = 2.57 & 0.01, which indicates moderate
evidence in favor of the baseline model with fixed K = 1.
This shows that, despite a slight improvement in the best-fit
)(fed when introducing the additional normalization param-
eter, the increase in model complexity is not supported by
the data once the full parameter space is taken into account.
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average between coherent and incoherent cross sections.

In contrast to the previous analysis, the inclusion of the
EMD-correction in the y + Pb data removes the need for an
additional normalization freedom within the present CGC
framework.

To understand why the EMD correction leads to a
successful combined fit without requiring an additional
normalization factor, we finally perform separate Bayesian
fits to the y + p and y 4+ Pb (with EMD correction) datasets
without introducing the overall normalization factor K. The
corresponding posterior distributions from the separate fits
are shown in Fig. 3. The proton data constrain the geometric
and fluctuation parameters tightly and reproduce the results
of Ref. [23]. In contrast, the y 4+ Pb data lead to a noticeably
different constraint on the JIMWLK evolution parameters,
in particular for mypwik and Agep, and these parameters
now peak at values consistent with the proton fit. This

differs from the earlier analysis [23], where the nuclear data
preferred values near the boundaries of the prior range.
Proton geometry parameters remain only weakly con-
strained by the y + Pb data. The shift of the preferred
JIMWLK parameters toward values compatible with the
proton fit already indicates that a substantial part of the
previously observed discrepancy originated from the treat-
ment of the y + Pb data rather than from a fundamental
inconsistency of the CGC framework.

The EMD correction increases the energy dependence of
the extracted y + Pb cross section compared to the pre-
viously used measurements. As a consequence, the y + Pb
data no longer require the significantly slower JIMWLK
evolution that was preferred in Ref. [23] and achieved by
having a small K ~ 0.3 compensated by a larger saturation
scale, enhancing nonlinear effects. This naturally moves the
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preferred evolution parameters closer to those favored by
the proton data.

The corresponding predictions for coherent and inco-
herent cross sections from the separate fits are shown in
Fig. 4, again with bands indicating the standard deviation
from 25 posterior samples. The y + p fit provides a good
description of all proton observables and also reproduces
the shape of the y + Pb |¢|-differential spectra. However, it
does not provide a very good description of the energy
dependence of the EMD-corrected integrated y + Pb cross
sections.

Conversely, the y + Pb-only fit describes the EMD-
corrected nuclear energy dependence and the shape of
the |f|-spectra in y + Pb scattering, but leads to a poor
description of the y 4 p data, where the energy dependence
becomes too steep. Overall, we obtain reduced chi-square
values of y2; = 1.16 and 1.27 for the fits to only y + p or
only y + Pb data, respectively.

These results are a reflection of the fact that the y + Pb
data alone cannot sufficiently constrain all features of the
proton structure (see Fig. 3), while the energy evolution in
the dense nuclear system may require additional constraints
beyond those provided by the y 4+ p data. These discrep-
ancies do not mean that there is no good combined fit, as
we have already shown above. Instead, they mean that
fitting using data from one system alone cannot fully
constrain the best parameters for both systems.

Conclusions. We have revisited the global Bayesian analy-
sis of coherent and incoherent diffractive J/y production in
y + p and y + Pb collisions including recently published
corrections to the ultraperipheral Pb + Pb collision data
stemming from considering the occurrence of electromag-
netic dissociation. The EMD-corrected y + Pb measure-
ments lead to posterior distributions more consistent with
proton data and remove the strong preference for an
additional normalization K factor observed in our previous
global analysis. Within the present CGC framework, a
simultaneous description of proton and nuclear diffractive
observables was achieved without additional model free-
dom. A Bayes factor analysis found moderate evidence for
the model without the additional normalization factor.

We note that the modified data points used here are based
on theory-driven corrections [24] and have not yet been
released as official corrected datasets by the experimental
collaborations. Further, the |¢|-differential y + Pb data con-
strain the fit only through their shape, as EMD corrections to
differential measurements are not yet available.

Our results demonstrate that electromagnetic-dissociation
veto corrections in ultraperipheral collisions can substan-
tially impact the extraction of small-x nuclear dynamics. We
have shown that including the proposed EMD corrections in
the y + Pb data resolves the previously observed tensions
between CGC predictions and experiment.
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