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Motivation: Probe for hot nuclear matter effects
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J. Phys. G32 (2006) R25

Phys. Lett. B754 (2016) 235
T0~ 385-740 MeV

➢ The quarkonium states would dissociate in the hot and dense medium 

produced in heavy-ion collisions according to their different binding energies.

➢ Stronger dissociation expected for 𝜓 2𝑆 w.r.t. 𝐽/𝜓 since lower 

binding energy.
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➢ Relative charmonium yield expected to 

change with different temperatures 

achieved in different centrality regions.

https://iopscience.iop.org/article/10.1088/0954-3899/32/3/R01
https://www.sciencedirect.com/science/article/pii/S0370269316000320?via%3Dihub
https://iopscience.iop.org/article/10.1088/1748-0221/17/05/P05009


Motivation: Charmonium production

• Suppression and re-combination
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Nature 448 (2007) 302

𝑅𝐴𝐴
𝑆𝑃𝑆 < 𝑅𝐴𝐴

𝑅𝐻𝐼𝐶 < 𝑅𝐴𝐴
𝐿𝐻𝐶

Eur.Phys.J.C 84 (2024) 8, 813

• Suppression of the charmonium is due to colour screening.

• Regeneration contribution to the charmonium is significantly 

higher than at RHIC or SPS.

https://www.nature.com/articles/nature06080
https://link.springer.com/article/10.1140/epjc/s10052-024-12935-y


LHCb detector
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𝛿𝑥 ~40𝜇𝑚

Kaon,𝜋,proton 

1<p<60 GeV/c

K,𝜋,p 

15<p<100 

GeV/c

𝛿𝑝

𝑝
: (0.5 − 1.0)%

Converts stopping 

hadron energy in 

scintillating signal.

J. of Instr.,3(08):S08005, 2008



Analysis strategy

• 𝐽/𝜓 𝜓 2𝑆 → 𝜇+𝜇− channel 

• Dataset

• The production ratio is defined as

ℬ 𝜓(2𝑆) → 𝜇+𝜇− × 𝜎 𝜓 2𝑆

ℬ 𝐽/𝜓 → 𝜇+𝜇− × 𝜎 𝐽/𝜓
=
𝑁 𝜓 2𝑆 × 𝜀 𝐽/𝜓

𝑁 𝐽/𝜓 × 𝜀 𝜓 2𝑆
,

where 𝑁 is the signal yield and 𝜀 is the total efficiency.

• The event activity is represented by centrality or 𝑁𝑝𝑎𝑟𝑡 .
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ℬ 𝐽/𝜓 → 𝜇+𝜇− = 5.961 ± 0.033 %
ℬ 𝜓(2𝑆) → 𝜇+𝜇− = 0.80 ± 0.06 %

Particle Data Group (lbl.gov)

centrality(%) 100 - 90 90 - 80 80 - 70 70 – 60

𝑁𝑝𝑎𝑟𝑡 2.4 – 5.5 5.5 – 13 13 – 26.5 26.5 – 48

JINST 17 (2022) 05, P05009

Year luminosity (𝜇𝑏−1) center-of-mass energy

2018 228 ± 10 5.02 TeV

https://pdg.lbl.gov/
https://iopscience.iop.org/article/10.1088/1748-0221/17/05/P05009


Analysis strategy

• Signal extraction

• An unbinned extended max-likelihood fit is performed in each centrality bins.
Signal 𝐽/𝜓: Crystal ball function, 
Signal 𝜓(2𝑆) : Gaussian function,
Background: exponential distribution.
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Few 𝜓(2𝑆)! 

LHCb-PAPER-2024-041 LHCb-PAPER-2024-041

LHCb-PAPER-2024-041

LHCb-PAPER-2024-041



Analysis strategy

• Efficiency determination

• Simulated sample with EPOS event generator.

• The total efficiency is separated into 4 parts: acceptance, reconstruction & 
selection, muon identification and trigger.

• The muon identification efficiency is evaluated using calibration sample.

• An extrapolation of multiplicity for 𝑝𝑝 calibration sample is used due to the PbPb
calibration is unavailable.

• The simulated sample are reweighted to match the data when calculating 
efficiency.

• Kinematic and multiplicity distribution.

• The estimation of efficiency is also performed in each centrality bins.
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Phys. Rev. C92 (2015) 034906

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.92.034906


Analysis strategy

• Systematic uncertainty
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Source Uncertainty(%)

Signal fit model 0.5 – 2.2

Background fit model 0.5 – 6.3

Reweighting procedure 0.1 – 0.2

Muon identification efficiency 0.1 – 2.8

Simulation sample size 0.5 – 1.0

Trigger efficiency < 0.1

The total systematic uncertainty is 

computed as the sum in quadrature 

of each contribution.

LHCb-PAPER-2024-041



New results

• The production ratios as a function of event activity
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ALICE results: Phys. Rev. Lett. 132 (2024) 042301

LHCb 𝑝Pb results:  JHEP 04 (2024) 111

LHCb 𝑝𝑝 results:  JHEP 05 (2024) 243

• An flat centrality dependence in agreement with ALICE results within the uncertainties.

LHCb-PAPER-2024-041
LHCb-PAPER-2024-041

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.042301
https://link.springer.com/article/10.1007/JHEP04(2024)111
https://link.springer.com/article/10.1007/JHEP05(2024)243


New results

• The production ratios as a function of 𝑁𝑝𝑎𝑟𝑡
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The TAMU model predictions are in better 

agreement with the experimental result, 

especially in the lower multiplicity intervals.

The SHMc tends to slightly underestimate the 

data although showing a flat ratio trend as a 

function of the centrality.

TAMU: NPA 943 (2015) 147

SHMc: Nature 561 no. 7723 (2018) 32

Regeneration prefer to be occurred during the 

medium evolution (TAMU) than the freeze-out 

(SHMc).

LHCb-PAPER-2024-041



Summary and outlook

• It is the first measurement of prompt charmonium production in large 
systems at LHCb.

• The production ratio as a function of centrality shows a flat trend and is in 
agreement with ALICE results.

• The production ratio also compares with 2 theoretical predictions, where 
TAMU model is in a better agreement while SHMc model has a slightly 
underestimation.

• The nuclear modification factor ratios are in progress.

• The run3 data would reach the semi-central collisions with higher statistics.
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Thanks for listening!
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Backup
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