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Heavy quarks are produced in the early stages of heavy ion collisions due to their large mass, and
subsequently traverse the entire QCD medium evolution. Open heavy flavors provide profound
insights into the transport properties of the medium and the process by which quarks neutralize
their color charge to form hadrons. In the LHCb experiment, fixed-target collisions cover an
unexplored energy range that lies above that of previous fixed-target experiments but below the
top RHIC energy for AA collisions. In 𝑝Pb collisions, heavy quarks are crucial for studying cold
nuclear matter effects, which include the modification of nuclear parton distribution functions,
energy loss in the nucleus, and other phenomena. These studies provide a baseline for interpreting
PbPb measurements.
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1. Introduction

At hadron colliders, heavy quarks are primarily produced by hard parton-parton interactions
in the initial stages of the collisions, and their production is well described by perturbative QCD
calculations. These calculations are based on the factorization theorem, which states that heavy-
flavor hadron cross-sections depend on the parton distribution functions of the incoming nucleons,
the hard parton-parton scattering cross-section, and the fragmentation functions.

The LHCb detector is a single-arm forward spectrometer that covers a pseudorapidity range of
2 to 5. This unique coverage allows LHCb to probe parton distribution functions at low Bjorken-𝑥
(10−5). On the other hand, the System for Measuring the Overlap with Gas (SMOG) allows noble
gas to be injected in the VErtex LOcator (VELO) to collide with proton or lead beams. This program
has extended the probed kinematic range to high Bjorken-𝑥, corresponding to the anti-shadowing
region.

2. 𝐷0 production in 𝑝Ne collisions at √𝑠NN = 68.5 GeV

𝐷0 meson production in 𝑝Ne collisions is measured using the 2017 dataset, with an integrated
luminosity of 21.7±1.4 nb−1 [1]. Figure 1 shows the 𝐷0 differential cross-sections per target nucleon
as functions of 𝑦∗ and 𝑝T. These results are compared to theoretical models that incorporate various
cold nuclear matter effects. The data points are well matched by alternative predictions, including
those with (Vogt 1% IC) and without (Vogt no IC) intrinsic charm contributions, both of which
account for the shadowing effect [2]. Additionally, predictions (MS) that include 1% intrinsic charm
and 10% recombination contributions also align closely with the LHCb data. Both FONLL [3, 4]
and PHSD [5] calculations fail to reproduce the 𝑝T distribution, while the rapidity distributions are
in better agreement with the data. With more data, distinguishing between models with and without
intrinsic charm will become feasible.
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Figure 1: Differential cross-section for 𝐷0 production as a function of 𝐷0 (left) 𝑦∗ and (right) 𝑝T [1].

3. Λ0
𝑏
/𝐵0 cross-section ratio in high-multiplicity 𝑝𝑝 collisions at

√
𝑠 = 13 TeV

The left plot of Figure 2 presents the Λ0
𝑏
/𝐵0 cross-section ratio as a function of 𝑝T in 𝑝𝑝

collisions at a center-of-mass energy of
√
𝑠 = 13 TeV [6]. The data are compared to previous
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𝑝𝑝 measurements [7] and 𝑝Pb measurements [8], and are generally consistent with them within
uncertainties. Additionally, calculations from the 𝑏 quark statistical hadronization model [9] and
EPOS4HQ [10] are included. The light green dashed curve considers feeddown contributions from
𝑏 baryons collected by the Particle Data Group [11]. The dark green dashed curve accounts for
feeddown contributions from an expanded set of 𝑏 baryons predicted by the Relativistic Quark
Model [12]. By incorporating a coalescence mechanism, the EPOS4HQ model provides a more
accurate description of the data.
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Figure 2: Cross-section ratio 𝜎Λ0
𝑏
/𝜎𝐵0 as a function of (left) 𝑝T and (right) normalized multiplicity [6].

The right plot of Figure 2 presents theΛ0
𝑏
/𝐵0 cross-section ratio as a function of the normalized

multiplicity. The event multiplicity is parametrized by NVELO
tracks . NVELO

tracks denotes the total number of
charged tracks reconstructed in the VELO detector. The plot shows that the Λ0

𝑏
/𝐵0 ratio increases

significantly with multiplicity. In the lowest multiplicity bin, the Λ0
𝑏
/𝐵0 ratio reaches a value

comparable to that observed in 𝑒+𝑒− collisions.

4. 𝐷+ and 𝐷+
𝑠 production in 𝑝Pb collisions

The LHCb experiment measures the prompt production of 𝐷+ and 𝐷+
𝑠 in 𝑝Pb collisions at

√
𝑠NN = 5.02 TeV [13] and√𝑠NN = 8.16 TeV [14]. The measurements are performed in two collision

configurations: forward collisions, where the proton beam is directed towards the LHCb detector,
and backward collisions, where the lead beam is directed towards the LHCb detector.

Figure 3 presents the nuclear modification factor, 𝑅𝑝Pb, for 𝐷 mesons in 𝑝Pb collisions at
√
𝑠NN = 5.02 TeV. The 𝑅𝑝Pb is consistent with nPDFs [15, 16] and CGC [17] calculations in the

forward collisions, while in backward collisions, the 𝑅𝑝Pb for 𝐷+ is observed to be lower than
the theoretical predictions. Figure 4 illustrates the 𝐷+

𝑠/𝐷+ cross-section ratio as a function of
the charged particle density, d𝑁ch/d𝜂, in 𝑝Pb collisions at √𝑠NN = 8.16 TeV [14]. The ratio of
𝐷+

𝑠/𝐷+ increases with d𝑁ch/d𝜂 across all 𝑝T intervals, showing a similar pattern in both forward and
backward collisions, which indicates that this ratio is independent of rapidity and strongly correlated
with charged particle density. Theoretical calculations using EPOS4HQ [10, 18] are included for
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comparison. Although there are some discrepancies with experimental data, EPOS4HQ effectively
captures the multiplicity-dependent trends across all 𝑝T intervals.
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Figure 3: Nuclear modification factor of 𝐷 mesons in 𝑝Pb collisions at √𝑠NN = 5.02 TeV [13] at forward
rapidity (left) and backward rapidity (right)
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Figure 4: The cross-section ratio 𝐷+
𝑠/𝐷+ as a function of d𝑁ch/d𝜂 in 𝑝Pb collisions at √𝑠NN = 8.16 TeV is

studied for different 𝑝T ranges: 2 < 𝑝T < 4 GeV/𝑐 (top left), 4 < 𝑝T < 6 GeV/𝑐 (top right), 6 < 𝑝T < 8 GeV/𝑐
(bottom left), and 8 < 𝑝T < 12 GeV/𝑐 (bottom right) [14].

5. Summary and outlook

These measurements of open heavy-flavor provide new insights into nuclear structure and the
mechanism of heavy-quark hadronization. For Run 3, the fixed-target experiment has been up-
graded with the SMOG2 gas storage cell, which increases local gas pressure by up to two orders of
magnitude and allows for parallel data-taking with collider mode, resulting in an enhanced lumi-
nosity. Additionally, thanks to the upgrade of all tracking detectors in LHCb to higher granularity,
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the centrality of reconstructed PbPb events can be pushed to 30%. Our research will benefit greatly
from these upgrades.

References

[1] LHCb collaboration, Open charm production and asymmetry in pNe collisions at
√
𝑠NN = 68.5 GeV, Eur. Phys. J. C 83 (2023) 541 [2211.11633].

[2] R. Vogt, Limits on Intrinsic Charm Production from the SeaQuest Experiment, Phys. Rev. C
103 (2021) 035204 [2101.02858].

[3] M. Cacciari, M. Greco and P. Nason, The 𝑝𝑇 spectrum in heavy-flavour hadroproduction.,
JHEP 05 (1998) 007 [hep-ph/9803400].

[4] M. Cacciari, P. Nason and R. Vogt, QCD predictions for charm and bottom production at
RHIC, Phys. Rev. Lett. 95 (2005) 122001 [hep-ph/0502203].

[5] T. Song, H. Berrehrah, J.M. Torres-Rincon, L. Tolos, D. Cabrera, W. Cassing et al., Single
electrons from heavy-flavor mesons in relativistic heavy-ion collisions, Phys. Rev. C 96
(2017) 014905 [1605.07887].

[6] LHCb collaboration, Enhanced Production of Λ0
𝑏

Baryons in High-Multiplicity pp Collisions
at

√
𝑠 = 13 TeV, Phys. Rev. Lett. 132 (2024) 081901 [2310.12278].

[7] LHCb collaboration, Measurement of 𝑏 hadron fractions in 13 TeV 𝑝𝑝 collisions, Phys. Rev.
D 100 (2019) 031102 [1902.06794].

[8] LHCb collaboration, Measurement of 𝐵+, 𝐵0 and Λ0
𝑏

production in 𝑝Pb collisions at
√
𝑠NN = 8.16 TeV, Phys. Rev. D 99 (2019) 052011 [1902.05599].

[9] M. He and R. Rapp, Bottom Hadrochemistry in High-Energy Hadronic Collisions, Phys. Rev.
Lett. 131 (2023) 012301 [2209.13419].

[10] J. Zhao, J. Aichelin, P.B. Gossiaux and K. Werner, Heavy flavor as a probe of hot QCD
matter produced in proton-proton collisions, 2310.08684.

[11] Particle Data Group collaboration, Review of Particle Physics, PTEP 2020 (2020)
083C01.

[12] D. Ebert, R.N. Faustov and V.O. Galkin, Spectroscopy and Regge trajectories of heavy
baryons in the relativistic quark-diquark picture, Phys. Rev. D 84 (2011) 014025
[1105.0583].

[13] LHCb collaboration, Measurement of prompt D+ and 𝐷+
𝑠 production in pPb collisions at

√
𝑠𝑁𝑁 = 5.02 TeV, JHEP 01 (2024) 070 [2309.14206].

[14] LHCb collaboration, Observation of strangeness enhancement with charmed mesons in
high-multiplicity 𝑝Pb collisions at √𝑠NN = 8.16 TeV, 2311.08490.

5

https://doi.org/10.1140/epjc/s10052-023-11641-5
https://arxiv.org/abs/2211.11633
https://doi.org/10.1103/PhysRevC.103.035204
https://doi.org/10.1103/PhysRevC.103.035204
https://arxiv.org/abs/2101.02858
https://doi.org/10.1088/1126-6708/1998/05/007
https://arxiv.org/abs/hep-ph/9803400
https://doi.org/10.1103/PhysRevLett.95.122001
https://arxiv.org/abs/hep-ph/0502203
https://doi.org/10.1103/PhysRevC.96.014905
https://doi.org/10.1103/PhysRevC.96.014905
https://arxiv.org/abs/1605.07887
https://doi.org/10.1103/PhysRevLett.132.081901
https://arxiv.org/abs/2310.12278
https://doi.org/10.1103/PhysRevD.100.031102
https://doi.org/10.1103/PhysRevD.100.031102
https://arxiv.org/abs/1902.06794
https://doi.org/10.1103/PhysRevD.99.052011
https://arxiv.org/abs/1902.05599
https://doi.org/10.1103/PhysRevLett.131.012301
https://doi.org/10.1103/PhysRevLett.131.012301
https://arxiv.org/abs/2209.13419
https://arxiv.org/abs/2310.08684
https://doi.org/10.1093/ptep/ptaa104
https://doi.org/10.1093/ptep/ptaa104
https://doi.org/10.1103/PhysRevD.84.014025
https://arxiv.org/abs/1105.0583
https://doi.org/10.1007/JHEP01(2024)070
https://arxiv.org/abs/2309.14206
https://arxiv.org/abs/2311.08490


P
o
S
(
D
I
S
2
0
2
4
)
1
7
4

Recent results on open heavy flavor production (𝑝𝑝, 𝑝Pb, PbPb) from LHCb Chenxi Gu

[15] K.J. Eskola, P. Paakkinen, H. Paukkunen and C.A. Salgado, EPPS16: Nuclear parton
distributions with LHC data, Eur. Phys. J. C 77 (2017) 163 [1612.05741].

[16] K. Kovarik et al., nCTEQ15 - Global analysis of nuclear parton distributions with
uncertainties in the CTEQ framework, Phys. Rev. D 93 (2016) 085037 [1509.00792].

[17] B. Ducloué, T. Lappi and H. Mäntysaari, Forward 𝐽/𝜓 production in proton-nucleus
collisions at high energy, Phys. Rev. D 91 (2015) 114005 [1503.02789].

[18] J. Zhao, J. Aichelin, P.B. Gossiaux, V. Ozvenchuk and K. Werner, Heavy flavour hadron
production in relativistic heavy ion collisions at RHIC and LHC in EPOS4HQ, 2401.17096.

6

https://doi.org/10.1140/epjc/s10052-017-4725-9
https://arxiv.org/abs/1612.05741
https://doi.org/10.1103/PhysRevD.93.085037
https://arxiv.org/abs/1509.00792
https://doi.org/10.1103/PhysRevD.91.114005
https://arxiv.org/abs/1503.02789
https://arxiv.org/abs/2401.17096

	Introduction
	D0 production in pNe collisions at sNN = 68.5 GeV
	b0/B0 cross-section ratio in high-multiplicity pp collisions at s = 13 TeV
	D+ and Ds+ production in pPb collisions
	Summary and outlook

