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The study of J/ψ production is considered as a valuable tool for probing the dynamics of the hot and de-confined medium, known as the Quark-Gluon Plasma (QGP), which is 

produced in ultra-relativistic heavy-ion collisions. At LHC energies, a significant contribution to J/ψ production comes from non-prompt J/ψ originated from the decay of beauty-

flavoured hadrons. The separation of such component  allows an indirect measurement of beauty-hadron production in pp collisions, as well as of beauty-quark interaction with the 

QGP in Pb-Pb collisions.  A similar measurement in p-Pb collisions is crucial to shed light on the role played by Cold Nuclear Matter effects in beauty-quark production mechanisms 

and for a correct interpretation of Pb-Pb results. 

 

The inclusive J/ψ yield at the LHC is composed by: 

J/ψ PRODUCTION AT THE LHC 

ALICE allows the reconstruction of J/ψ  at central rapidity, in η  < 0.9, through its di-

electronic decay channel J/ψ  →  𝒆+𝒆−, down to zero 𝑝T, in a complementary momentum 

region with respect to other LHC experiments.  

TPC (Time Projection Chamber):  

main central barrel detector 

dedicated to tracking and charged 

particle identification through 

specific energy loss (dE/dx) 

measurement. 

NON-PROMPT J/ψ MEASUREMENT 

The analysis is carried out using the same data sample employed by ALICE for the 

inclusive J/ψ cross section measurement [3], consisting of about 108 Minimum Bias p-Pb 

events collected in 2013 and corresponding to an integrated luminosity 𝐿int = 52 μb−1. 

ALICE PID capabilities with TPC.  Candidate  𝑒+𝑒− tracks are required 

to be compatible within 3σ with the electron hypothesis, while tracks 

compatible within 3.5σ with the pion or proton hypotheses are excluded. 

The 𝒇𝐁  fraction of non-prompt J/ψ at central rapidity 

was measured by ALICE in pp collisions at 𝑠 = 7 TeV 

[1] and in Pb-Pb collisions at  𝑠NN = 2.76 TeV [2]. 

Left figure shows published  measurements of 𝑓B in 

pp collisions at 𝑠 = 7 TeV as function of J/ψ  

transverse momentum from LHC experiments. This 

analysis will provide the first ALICE  measurement  of 

𝑓𝐵 in p-Pb collisions at 𝑠NN = 5.02 TeV. 

The non-prompt component separation relies on the measurement of the pseudo-proper decay 

length  𝒙 of each candidate, an observable which mimics the proper decay length of the parent 

beauty-hadron starting from the reconstructed J/ψ momentum and the distance 𝐿 between the 

primary interaction vertex and the J/ψ decay vertex. Prompt and non-prompt J/ψ exhibit well-

separated  𝑥 distributions.  Figures on the left show results from dedicated MC simulations. 
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 In order to extract the 𝒇𝐁  fraction of non-prompt J/ψ, an un-binned likelihood fit to the two-dimensional distribution of invariant 

mass 𝑚e+e− and 𝑥 of the candidate di-electron pairs is performed by maximizing the logarithm of the likelihood function  

𝑙𝑛𝓛 =  𝐹(𝑥𝑖 ,𝑁
𝑖=1 𝑚𝑖

e+e−) , with:  

Pseudo-proper decay length distribution of prompt J/ψ 𝐹prompt(𝑥) from MC 

simulations. Being 𝐿 = 0 for an ideal detector, the distribution describes the 

experimental resolution 𝑅(𝑥). 

Non-prompt J/ψ kinematic 𝑥 distribution χB(𝑥) from MC simulation, without  

resolution effects.  
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where the sum is extended over the total number N of candidates, 𝑓sig and 𝑓Bkg represent the fractions of signal and background, 

and the different 𝐹 and 𝑀 terms stand for the probability density functions describing the 𝑥 and 𝑚e+e− distributions for both signal 

and background candidates. The signal distribution 𝐹sig can be written as sum of the prompt 𝐹prompt and  the non-prompt 𝐹B 

components, resulting from the convolution of their kinematic 𝑥 distribution with the experimental resolution function 𝑅 𝑥 : 

𝐹sig 𝑥 = 𝑓B ∙ 𝐹B 𝑥 + (1 − 𝑓B) ∙ 𝐹prompt(𝑥) 

where 𝐹prompt 𝑥 = 𝑅 𝑥  and  𝐹B 𝑥 = χB 𝑥′ ⊗ 𝑅 𝑥 − 𝑥′ , with χB(𝑥) 

being the kinematic distribution of non-prompt J/ψ. Figure on the right 

shows the 𝑥  projection of the overall maximum likelihood function 

obtained  through this procedure, compared with data.  

 

Currently the measurement of the non-prompt J/ψ fraction in different 𝑝T 

intervals is being finalized and studies on the  systematic uncertainties 

due to different probability functions parameterisations are in progress. 

•   J/ψ directly produced in the primary interaction 

• J/ψ produced from decays of higher-mass charmonium states  (e.g. χc , ψ(2S)) 

• J/ψ produced through the decay of beauty-flavoured hadrons 

Unlike the ones resulting from the first two types of 

processes (defined as prompt J/ψ), the non-prompt 

J/ψ resulting from the last process are the product of a 

weak decay,  which takes place at an experimentally 

resolvable distance from the primary vertex. 
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A Large Ion Collider Experiment 

ANALYSIS 

AND RECONSTRUCTION WITH ALICE 

Two main ALICE sub-detectors 

are exploited for the task: 

prompt J/ψ 

ITS (Inner Tracking System): 

made up of 6 cylindrical layers of 

silicon detectors providing 

excellent spatial resolution for 

secondary vertex determination. 

Candidate selection is performed by combining opposite charge tracks within the central 

barrel acceptance. A kinematic cut at 𝑝T > 1 GeV/𝑐 is applied to each track to reduce 

combinatorial background and only track pairs having at least one hit in the innermost  

ITS layer are considered to reduce photon conversion contamination. Electron 

identification is finally performed by requiring each track to have a specific energy loss 

through the TPC gas compatible with that of an electron. Only J/ψ candidates with 

𝑦 < 0.9 and 𝑝T > 1.3 GeV/𝑐 were considered for this analysis.  

Figure on the right shows the electron pairs invariant mass 𝑚e+e− distribution for J/ψ 

candidates and combinatorial background. 
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