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Studies of nucleon structure at LHCb
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Abstract. The LHCb detector’s forward geometry provides unprecedented ac-
cess to the very low regions of Bjorken-x inside the nucleon. With full particle
identification and a fast DAQ, LHCb can fully reconstruct charged particles and
neutral mesons. The new measurements presented in this contribution provide
unique constraints on nuclear parton distribution functions and saturation mod-
els.

1 Introduction

Decades of studies have revealed that nucleons are more complex than a system of three
quarks bound by gluons. Instead, it consists of a dynamic interplay of valence quarks, sea
quarks, and gluons (known as partons) interacting through the principles of QCD. In high-
energy collisions, the partonic structure can be described through parton distribution func-
tions (PDFs). The two degrees of freedom of PDFs are the exchanged momentum between
partons, Q> ~ m?* + p7., and the momentum fraction of the parton with respect to the nu-
low-x, 1078 < x < 107, and high-x, 107 < x < 107!, regions, which are complementary
to the other experiments. For nuclei, the partonic structure can be described by analogous
distributions called nuclear PDF (nPDF), also parametrised as a function of the number of
nucleons.

cleon, x ~ e™1. As can be observed in Fig.1, the LHCb experiment can access the

2 The LHCb experiment

The LHCD experiment is a fully instrumented detector in the forward region, 2.0 < < 5.0, as
shown in Fig.1 [1]. It has a momentum resolution of Ap/p € [0.5, 1]% and a primary vertex
resolution of [10,35] um. Thanks to the complete particle identification capabilities, the
LHCb experiment can detect p, «, K, e, u, and y. Due to its asymmetric geometry, in proton-
lead collisions, pPb, the Bjorken-x region covered by the experiment differs depending on
whether the proton is moving toward the detector (forward configuration) or the nuclei are
moving toward the detector (backward configuration).

3 Recent LHCb measurements
3.1 ¥(25) production in pPb collisions at +/syy = 8.16 TeV

The production of ¥(25) mesons in pPb collisions at a centre-of-mass energy per nucleon
pair of 4/syy = 8.16 TeV has been measured using the data sample with an integrated lumi-

*e-mail: imanol.corredoira.fernandez@cern.ch

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).



EPJ Web of Conferences 364, 09001 (2026) https://doi.org/10.1051/epjconf/202636409001
Quark Matter 2025

N LHCh (pPb)  EEE PHENIX (pAu)
BN LHCh (Pbp) EEE PHENIX (Aup)
CMs BRAHMS
m— ATLAS N L opr>15GeV/e
1 = ALICE

Figure 1. (left) LHCb display during Run2 from [1]. (right) (Q?, x) diagram for LHC and
RHIC experiments.

nosity of 34 nb~! [2]. The prompt and non-prompt components are separated by a pseudo-
proper time, 7., fit as seen in Fig.2. Results are provided as functions of the meson’s trans-
verse momentum and rapidity in the nucleon—nucleon centre-of-mass frame. Additionally,
forward-to-backward production ratios and nuclear modification factors are determined. The
results show that prompt ¥(2S') production is suppressed in pPb collisions by 25% compared
to prompt J/¥ production as shown in Fig.2. This indicates a factorisation breaking with
respect to the final state. The Comover model [3] reproduces the data as well as CGC+ICEM
[4]. The suppression levels for non-prompt W(25) and J/'¥ mesons are comparable.
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Figure 1. (left) Pseudo proper-time fit distribution of W(2S) candidates overlaid with a fit
to separate prompt and non-prompt contributions. (right) Nuclear modification factor, R, p,
ratio as a function of rapidity compared with the CGC and Comovers model.

3.2 D! and D" production in pPb collisions at +/syy = 8.16 TeV

The LHCDb experiment measured the production of prompt D* and DY mesons in pPb
collisions at +/syy = 8.16 TeV, in both the forward (1.5 < y* < 4.0) and backward
(-5.0 < y* < -2.5) rapidity regions [5]. The nuclear modification factors for both meson
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species are determined as functions of transverse momentum and rapidity. The D* and D}
nuclear modification factors are compatible with each other and with the D° result in the
forward region. Moreover, the nCTEQ15 and EPPS16, and CGC predictions are compatible
with the data. However, in the backward region, the DY result is higher than the other D
mesons. Additionally, the nPDFs slightly overestimate the D" data while being compatible
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Figure 3. (left) Invariant mass spectra of the K “ntnt final state. (right) Nuclear modification
factor for D°, D* and D} as a function of rapidity compared with CGC and nPDFs models.

3.3 7/ production in pp and pPb collisions at /syy = 8.16 TeV

The production of  and 1 mesons is measured in proton-proton, pp, and pPb collisions
at 4/syy = 8.16 TeV. Measurements are performed in the centre-of-mass rapidity inter-
vals 2.5 < y* < 3.5 and —4.0 < y* < -3.0, defined relative to the proton beam direction.
Production cross-sections are measured as functions of transverse momentum, in the ranges
1.5 < pr < 10 GeV for n mesons and 3 < py < 10 GeV for 7 mesons. These cross-
sections are used to derive nuclear modification factors, which are found to be consistent for
both mesons at forward and backward rapidities 4. These results indicate no significant mass
dependence of light meson production. Additionally,  and " nuclear modification factors
are compared with that for the 7° showing agreement within uncertainties.

3.4 Exclusive J/¥ and ¥(25) production in pp collisions at /s = 13 TeV

Measurements of the cross-sections for J/¥ and W(25) central exclusive production in pp
collisions at v/s = 13 TeV are presented [6]. Additionally, the ratio of the ¥(2S) to J/¥
cross-sections is measured at an average photon—proton centre-of-mass energy of 1 TeV.
These processes probe the gluonic PDF at the scale of the charm quark mass. The contribution
from elastic production is separated from the inelastic contribution by fitting the p%(]ﬁ, u)
distribution. For the first time in proton—proton collisions, the dependence of the J/'¥ and
Y(2S) cross-sections on the total momentum transfer, p% ~ At, is measured and found to be
consistent with observations in electron—proton collisions as presented in Fig.5.
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Figure 4. (left) Invariant mass fit to extract the n” signal. (right) Nuclear modification factor,
Rypp, of 17,17" and 79 mesons in the forward region.
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Figure 5. (left) Di-muon transverse momentum distribution overlaid with a fit to extract the
elastic component. (right) Cross-section as a function of the photon-proton centre-of-mass
energy, W,
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