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Abstract. Measurements of quarkonia production in peripheral and ultrape-
ripheral heavy-ion collisions are sensitive to photon-photon and photon-nucleus
interactions, the partonic structure of nuclei, and the mechanisms of vector-
meson production. In this contribution, quarkonium measurements with the
highest precision currently accessible will be compared with the latest theoret-
ical models. Additionally, new studies of ρ(770) and ϕ(1020) vector meson
production at forward rapidity will be presented and contrasted with other ex-
perimental results. Future UPC measurements with the upgraded LHCb detec-
tor in Run 3 will also be discussed.

1 Introduction

Vector meson production can be understood as an interaction between a virtual photon γ⋆

and two gluons (or a pomeron IP). Vector mesons, such as the J/ψ, ϕ(1020), and ρ(770)
mesons, have the same quantum numbers as the photon (JP = 1−). Coherent interactions,
when the photon interacts with the whole nucleus, are characterized by no additional particle
production. Incoherent interactions are also possible, where gluon radiation occurs, and the
target or projectile nuclei dissociate from the γ-IP interaction. In ultraperipheral collisions
(UPC), γ-γ and IP-IP interactions can also take place, which are all examples of interactions
with small momentum transfer (Q2). Soft processes can probe small Björken-x values, as
shown by the Q2 vs. x diagram in Fig. 1. Small x values imply higher gluon densities,
where gluons are expected to radiate and recombine at equal rates [1]. UPC could provide
an environment with high levels of self-interaction and access to exotic phenomena, such as
glueballs or color glass condensate, or tetraquarks.

2 Data Set & Experimental Setup

The data samples used in the following analyses were recorded during the LHC Run 2 period
(2015-2018). The PbPb data sample was recorded at a center of mass energy √sNN=5.02
TeV, while the pp data sample was recorded at

√
s=13 TeV. The corresponding integrated

luminosity for each sample is 228 µb−1 and 5 fb−1, respectively. The LHCb experiment was
designed for searches of new physics in beauty and charm hadron decays. The detector covers
the forward rapidity region and can measure particles from pT > 0 GeV/c for pseudorapidity
2 < η < 5. The LHCb detector configuration for Run 2 is described in more detail in Ref. [2].
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3 Centrally Produced, Peripheral, and UPC Results

Figure 1. The Q2 vs x reach for HERA and the four ma-
jor LHC experiments. The LHCb collider (fixed target)
mode is shown by the red (orange) curve.

The results from hard probes in ul-
traperipheral collisions at the LHCb
experiment are shown in Figs. 2-
6 and organized into the following:
proton-proton (pp) collisions, pe-
ripheral collisions, and ultraperiph-
eral collision results.

3.1 Centrally Produced
and Peripheral Collision Results

In central diffractive collisions from
pp collisions at

√
s = 13 TeV, the

exotic states χc0 (4500) and χc1 (4274)
were observed in the J/ψϕ invariant
mass spectrum (Fig. 2) with greater
than 4σ significance [3]. In addition to these potential tetraquark states, the signals χc1 (4140),
χc1 (4685), and χc1 (4700) also appear in the spectrum, confirming previous LHCb results in
hadronic collisions [4]. With the use of the HeRSCheL detector [5], it was determined that
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Figure 2. Centrally produced J/ψϕ invariant mass
spectrum in pp collisions at

√
s = 13 TeV [3].

more than two-thirds of the candidates in
the spectrum are produced in events in
which one or both protons dissociate.

In results from peripheral PbPb col-
lisions, the number of J/ψ events as a
function of ln(p2

T ) is used to discriminate
between J/ψ hadronic production at the
high ln(p2

T ) and J/ψ photoproduction in
the lower region, as two distinct peaks are
formed in the distribution (figure not in-
cluded). In Fig 3-a, the invariant yield as
a function of pT is shown for the J/ψ pho-
toproduction candidates, where the mean
of the distribution was found to be ⟨pT ⟩ =
64.9 ± 2.4 MeV/c, consistent with coher-

ent vector meson photoproduction. These results confirm earlier measurements of excess J/ψ
yield observed in peripheral PbPb collisions by the ALICE [6] and STAR [7] experiments.

3.2 Ultraperipheral Collision Results

The first measurement of the ψ(2S ) meson in UPC at forward rapidity is shown in Fig. 3-b.
The differential cross section for J/ψ (Fig. 4) and ψ(2S ) mesons as a function of rapidity is
compared to various pQCD and color glass condensate predictions.

The ψ(2S ) data is described reasonably well by pQCD calculations, particularly at large
rapidity. With its smaller statistical uncertainties, the J/ψ cross section measurement can
discriminate between different predictions.
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Figure 3. Left: The invariant yield as a function of pT for J/ψ photoproduction candidates [8]. Right:
The differential cross section vs rapidity for ψ(2S ) mesons in UPC at √sNN = 5.02 TeV [9].
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Figure 4. The differential cross section vs rapidity for
J/ψ mesons in UPC at √sNN = 5.02 TeV [9].

Fig. 5 shows the full π+π− [10]
(left) and low K+K− [11] invariant
mass distributions in ultraperipheral
PbPb collisions at √sNN = 5.02 TeV
for pT < 100 MeV/c. The π+π−

distribution corresponds to approxi-
mately 20 million candidates and can
be compared to previous measure-
ments at midrapidity by ALICE [12].
Both experiments observe an excess
of events near 1.7 GeV/c2, where
the LHCb collaboration determined
the structure is consistent with the
ρ(1450) and ρ(1700) mesons. In the
K+K− distribution, the first observa-

tion of the ϕ(1020) meson in UPC at forward rapidity is shown, with significance greater than
5σ (see also [13]). The broader structure at higher invariant mass is interpreted as misidenti-
fied pions from ρ(770)0 → π+π− decays.

In Fig. 6, the full K+K− spectrum is shown, where several peaking structures are seen
at higher invariant mass, including J/ψ→ K+K− signal and misidentified protons from J/ψ
→ pp̄. The K+K− distribution differs from ALICE midrapidity results [14], showing a rich
spectrum in the forward region and a more detailed study is needed to quantify these results.

4 Conclusion

In conclusion, the LHCb collaboration has presented results in centrally produced, periph-
eral, and ultraperipheral collisions. In pp collisions, the χc0 (4500) and χc1 (4272) states were
observed with > 4σ significance in diffractive processes estimated to contain ∼69% inelastic
production. Possible future studies for Run 3 include searches for resonances in PbPb colli-
sions through the γγ production channel. LHCb has also observed the ϕ(1020)→ K+K− sig-
nal in UPC events at √sNN = 5.02 TeV with > 5σ significance. The π+π− invariant mass spec-
trum appears similar at both mid and forward rapidities, and an excess of events is seen near
∼1.7 GeV/c2 consistent with the ρ(1450) and ρ(1700) mesons. However, the K+K− spectrum
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Figure 5. The full π+π− [10] (left) and the low K+K− [11] (right) invariant mass distributions in ultra-
peripheral PbPb collisions at √sNN = 5.02 TeV for pT < 100 MeV/c.
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Figure 6. The full K+K− invariant mass distri-
bution in UPC at √sNN = 5.02 TeV [11]. The
ϕ(1020) → K+K− signal at the lower end of the
spectrum was observed with > 5σ significance.

differs between mid and forward rapidity,
with a rich spectrum seen only in the for-
ward region. During Long Shutdown II,
LHCb tracking was fully upgraded with
a new Vertex Locator, Upstream Tracker
(UT), and Scintillating Fiber (SciFi) de-
tectors. A new fixed target System for
Measuring Overlap with Gas (SMOG2)
was also installed, in addition to other
upgrades for Run 3 (2022-2025) data tak-
ing [15]. Future LHCb Run 3 studies
via the high luminosity fixed target mode
with SMOG2 are possible, as well as
opportunities to explore photoproduction
with the upgraded photon trigger.
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