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1. Introduction

The LHCDb experiment, initially designed for precision measurements in the b- and c-quark
sectors, serves as a general purpose detector in the forward rapidity region. The LHCb detector is a
single-arm forward spectrometer, fully instrumented within the pseudorapidity range 2 < n < 5 [1].
It features a high-precision tracking system that provides excellent vertex and momentum resolution,
two ring-imaging Cherenkov detectors for charged particle identification, a calorimeter system for
photon, electron, and hadron identification, and a dedicated muon system. Its unique forward
rapidity coverage provides access to the Bjorken-x ranging from 1076 to 1 [2], complementing
other major LHC experiments. This capability is crucial for constraining nuclear parton distribution
functions (nPDFs), studying quark-gluon plasma (QGP), and probing saturation and shadowing
effects within the nucleus.

2. Open heavy flavor productions in small systems

LHCb’s unique capabilities in the charm and bottom quark sectors allow probing hadronization
using ¢ and b hadron production. LHCb has recently studied charm quark hadronization by
measuring D} /D* production ratio as a function of charged particle density (dN.,/dn) in pPb
collisions at 4/syny = 8.16 TeV [3]. As shown in Fig. 1, the D/D" ratio increases with dN.j,/dn
across all pr intervals and exhibits a similar trend in both forward (pPb) and backward (Pbp)
collisions. These results are consistent with previous findings from both the LHCb and ALICE
experiments. Comparing data with theoretical calculations, EPOS4HQ+coalescence depicts the
multiplicity-dependent trend across all pr intervals, though no single model provides an accurate
description of the data over the entire kinematic range [4]. The strangeness enhancement feature is
more pronounced at low-p7 region and qualitatively compatible with the coalescence mechanism.

Likewise, LHCb has also explored bottom quark hadronization in p p collisions. The production
ratio of BY/B° was measured at LHCb in pp collisions at /s = 13 TeV [5], observing an apparent
increase of B yield compared to By as multiplicity increases, most notably in the low-p7 region. In
addition, the Ag /B® production ratio as a function of multiplicity in pp collisions at /s = 13 TeV
has been measured by the LHCb experiment [6]. The results demonstrate a strong dependence of
b quark hadronizing into baryons on collision multiplicity. Notably, as the multiplicity approaches
zero, the fragmentation fraction converges to the value seen in e*e™ collisions, as shown in Fig. 2.

These parallel behaviors observed in both charm and bottom quark hadronization highlight
the potential role of the coalescence picture as an additional hadronization mechanism in high-
multiplicity collisions.

3. Charmonium suppression in small systems

In QGP, different charmonium states are predicted to melt at different dissociation temperatures,
according to their binding energies, which leads to a sequential suppression pattern used as a QGP
thermometer. Studying the suppression of various charmonium states provides valuable insights
into QGP properties.

LHCb has measured ¢ (25)/J /¥ production ratio in pp collisions at 4/s = 13 TeV as a function
of multiplicity [8]. Asshown inin Fig. 3 (left), the results indicate a suppression at high multiplicity
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Figure 1: Cross section ratio of D} /D* versus the charged particles density per unit of pseudorapidity in
e*e™, pp, pPb, PbPb collisions in different pr intervals. The calculations from PYTHIAS, EPOS4HQ, and
EPOS4HQ without coalescence mechanism are compared to the data.
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Figure 2: Cross section ratio of Ag/ BY versus the normalized track multiplicity measured in the VELO
detector is shown in blue. The purple point indicates the measurement in e*e~ collisions at the Large
Electron—Positron Collider (LEP) [7].

for prompt production, but no suppression for particles from b hadron decays. The results are in
good agreement with the co-mover model, which suggests that the charmonium disassociates by
interacting with co-moving hadrons.

Extending this measurement to heavy-ion collisions, LHCb has measured the  (2S) /J /y ratio
in pPb collisions [9]. These results, consistent with the LHCb 5 TeV results [10] with much higher
precision, show suppression of prompt productions in pPb compared to pp collisions, with similar
behavior observed in both the forward (pPb) and backward (Pbp) regions. The results are also
well-explained by the co-mover model, as shown in Fig. 3 (right).

To fully understand the sequential suppression of J/i, it is crucial to account for the higher
charmonium states that contribute to J/¢ yields through feed-down components. Due to the
significant fraction of the inclusive prompt J /iy cross-section from the y. states, it is important to
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Figure 3: The left plot represents the ¢ (2S)/J /¥ production ratio in pp collisions at 4/s = 13 TeV. The
ratio is shown as a function of the multiplicity of tracks originating from a collision point normalized to the
mean value in minimum bias pp collisions. The right plot shows prompt cross-section ratios Rzlgg) IS
a function of y*, compared with a CGC soft gluon interaction model with a scale (green) A = 10 MeV and
(blue) A = 20 MeV and a (red) co-mover model. Horizontal error bars are the bin widths, vertical error bars

the statistical and total uncertainties.

0.4

2 &
W LHCb pPb /syy =8.16 TeV @LHCb Pb snv =8.16 TeV/ & LHCb C 7
LHCb ;’p f.;:‘/TTev PV “&’ L 5 \ Occ Opy
Il ' xe 7(28) 7(15)
03 + ‘ _ © I T(18) B JR
3 A 1 L}if) i Q Lﬁ’
SN + _ i D
7|2 02 * . ras)
& 3 %ga’zga%i 05 o ;?’ 7(15)
o1 ’ °l s
0 0 02 04 06 08 1 1.2
1 2 3 4 5 7 10 20 T
pr,1/0 (GeV/e) Binding energy [GeV |

Figure 4: The left plot represents the fraction of prompt J/¢ mesons produced from y. decays in pp and
pPb collisions at forward and backward rapidity, also compared to the result from pp collisions. The right
plot shows the production ratio in pPb to pp collisions, with particle species shown in the data point labels.
The QGP freeze-out temperature is shown as the dashed line.

measure the y. production in heavy-ion collisions. LHCb has performed the first measurement of
the fraction of y. (including y.; and y.») in prompt J /¢ production in heavy-ion collisons at the
LHC [11]. As shown in Fig. 4 (left), the results show more consistency between pp, pPb and Pbp
collisions at higher pr. More interestingly, looking at the double ratio of the quarkonium state yield
relative to pPb and pp collisions shown in Fig. 4 (right), ¢ (2S) shows significant suppression with
binding energy below the QGP freeze-out temperature. The Y (3S), which has a similar binding
energy to the y., breaks up while y. does not. One possible explanation is that the heavier mass of
Y (3S5) makes it favor its dissociation by its interaction with co-moving particles. Additionally, the
feed-down contribution from y;, (3P) is another possibility for the Y (3S) suppression. Since around
40% of Y (3S) come from the y,(3P) feed-down whose binding energy is similar to that of the
W (2S), the suppression of the Y (3S) is consistent with the contribution from y,,(3P) decays [12].
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Figure 5: Nuclear modification factor of y.;(3872) and (2S) mesons in pp, pPb and PbPb collisions. The
statistical uncertainties are shown as error bars, while the systematic uncertainties are shown as boxes.

4. Exotic hadrons production

Thanks to the capabilities of excellent vertex reconstruction and particle identification from
the LHCD detector, the nature of the y.;(3872) state has been studied in pp and the first time in
pPb collisions [13, 14]. The production of y.;(3872) is compared with (2S) production, with
both decaying into J/yr*n~. Fig. 5 shows that the cross-section ratio of y.1(3872) over y(2S5)
increases as the system size increases. This result supports the idea that the enhancing effects of
quark coalescence play a dominant role in y.;(3872) production, over the suppressing effects of
breakup in pPb collisions.

5. Summary and outlook

The LHCD experiment offers an unique approach to studying the heavy-ion physics, thanks to its
outstanding detector performance and unique kinematic coverage. LHCb enables novel and precise
measurements of heavy flavours, quarkonia and exotic states across various heavy-ion collision
systems (pp, pPb, PbPb), with plenty of results still coming out from Run 2 datasets. With the
recent Upgrade, the significantly increased statistics of heavy-ion data in Run 3 will allow for more
precision measurements and open the possibilities for many new measurements [15]. LHCb has
already reconstructed PbPb collisions down to 30% centrality during Upgrade I, and aims to cover
the entire centrality region (0-100%) during Updgrade I1[16], enabling more comprehensive studies
of the QGP with the LHCb detector. Overall, LHCb is playing a major role in advancing the field
of the heavy-ion physics.
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