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Physics motivations 4

WHAT

WHY

Study the quarkonium production in heavy-ion collisions at the LHC energy scale (TeV) 

QQ pairs are produced via hard scattering processes (large Q2) at the initial stage of the collision

HOW

WHEN

Antoine Lardeux (UiO) Recent results on J/ψ at mid-rapidity from ALICE PQG France 2017 — Etretat

sensitive to the full evolution of the Quark-Gluon Plasma (QGP).
- Probe in-medium QCD force (de-confinement)
- Transport coefficients
- Probe QGP properties at varying resolution

In-medium quarkonium mechanisms: 
Color screening induced by the high density of color charges
Sequential suppression (feed-down)

- Nuclear modification factor RAA and RpPb (request a baseline: pp collisions)
- Elliptic flow v2

Regeneration of quarkonia

Measurement of the hot and cold nuclear matter effects:

Recent results from LHC run 2 data: Pb-Pb at 5.02 TeV, p-Pb at 8.16 TeV and pp at 13 TeV

Production mechanism 
Role of MPI



ALICE apparatus 5

V0, T0, ZDC:
MB trigger, centrality, 
event plane, luminosity

V0, T0

IP
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ALICE apparatus 6

V0, T0, ZDC:
MB trigger, centrality, 
event plane, luminosity

Forward rapidity  -4 < 𝞰 < -2.5:
- MUON: trigger, tracking, PID

- J/ψ, ψ(2S) → 𝜇 + 𝜇-

- ϒ(1S), ϒ(2S), ϒ(3S) → 𝜇 + 𝜇-

V0, T0

IP

MUON
spectrometer
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ALICE apparatus 7

V0, T0, ZDC:
MB trigger, centrality, 
event plane, luminosity

Mid-rapidity  |𝞰| < 0.9:
- ITS, TPC, TOF: vertexing, tracking, PID
- EMCAL: electron trigger, PID

V0, T0

EMCAL

TPC

ITS

TOF
IP

- J/ψ → e+ e-

- B → J/ψ → e+ e-
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Signal extraction 9
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Two EMCAL trigger thresholds: 
- EG1 (E>7 GeV)
- EG2 (E>5 GeV)

NJ/ψ ≈ 370
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Multiplicity dependence 10

- Faster than linear increase

- No visible √s dependence for J/ψ

normalized yields

- pp data at √s =13 TeV allow us to 
extend the J/ψ measurement to higher 
multiplicity (x2) 

J/ψ 13 TeV
J/ψ  7 TeV
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[PLB 712 (2012) 165]

http://www.sciencedirect.com/science/article/pii/S0370269312004674


Multiplicity dependence 11
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=13 TeV, Preliminarys
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p|<0.5, 2<yD, |
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[PLB 712 (2012) 165]

[JHEP 09 (2015) 148] - Faster than linear increase

- Similar behavior for D and J/ψ
    (caveat: different pT and η regions)

→ acts on the HQ production  
     (rather than hadronisation) 

- No visible √s dependence for J/ψ

normalized yields

- pp data at √s =13 TeV allow us to 
extend the J/ψ measurement to higher 
multiplicity (x2) 

J/ψ 13 TeV
J/ψ  7 TeV
  D   7 TeV
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http://www.sciencedirect.com/science/article/pii/S0370269312004674
https://link.springer.com/article/10.1007%2FJHEP09%282015%29148


Multiplicity dependence 12

Percolation Model 
[Phys.Rev. C86 (2012) 034903; arXiv:1501.03381 (2015)] 

Mimic MPI via interactions of color 
sources with finite spatial extension 

EPOS 3 for D (with Hydro)
[Phys.Rept. 350 (2001) 93–289; Phys.Rev. C89 (2014) 064903] 

Parton based Gribov-Regge formalism, 
MPI proportional to multiplicity  

PYTHIA 8
[Comput.Phys.Commun. 178 (2008) 852–867] 

Hard processes in MPI
(new w.r.t. PYTHIA6) 

Kopeliovich et al.
[Phys. Rev. D 88, 116002 (2013)] 

High multiplicities reached by 
contributions of higher Fock states  

Models reproduce the data at low multiplicity while deviate at high multiplicity

Important role of MPI at high multiplicity in hadronic collisions 
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Charmonium production from hard initial processes 
       no strong correlation with event activity expected 
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Multiplicity dependence 14
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Higher pT bins available from EMCAL triggered analysis 

Indication of a steeper slope at higher transverse momentum 



Multiplicity dependence 15
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Qualitatively expected from PYTHIA8 
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Higher pT bins available from EMCAL triggered analysis 

Indication of a steeper slope at higher transverse momentum 



p-Pb



TRD trigger 17
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Two p-Pb datasets recorded last winter at √sNN = 5 and 8 TeV: 

Minimum Bias events: ~ 0.03 nb-1             
~ 500 measured J/ψ



TRD trigger 18
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Two p-Pb datasets recorded last winter at √sNN = 5 and 8 TeV: 

Minimum Bias events: ~ 0.03 nb-1             TRD triggered events: ~ 0.81 nb-1             
~ 500 measured J/ψ ~ 2000 measured J/ψ

Stay tuned
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Signal extraction 20
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Rejection of pile-up from out-of-bunch collisions



J/ψ RAA 21
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Smaller suppression at higher energy for the most central collisions 
In agreement with the regeneration scenario
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J/ψ RAA v.s. model calculations 22

Theoretical calculations with large uncertainties (mostly from 𝝈cc and CNM effects)

All the models reproduce the data for the most central collisions
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J/ψ RAA 23
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Higher RAA at low-pT at mid-rapidity than forward

In agreement with the regeneration scenario

Decreasing RAA toward forward rapidity

No strong y-dependence of shadowing
Energy loss effect?
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J/ψ RAA v.s. model calculations 24
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Transport model reproduce rather well the pT dependence of the data,  
in particular for the most central collisions
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Low pT J/ψ excess 25
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An excess of J/ψ has been observed at very low-pT in peripheral collisions
Looks like coherently photo-produced J/ψ characterized by <pT> ~ 60 MeV/c

A suppression of the coherent J/ψ photo-production in hadronic collisions could be a 
direct probe of the color screening mechanism (not mimicked by regenerated J/ψ)
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https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevLett%252E116%252E222301&v=42786a6a
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An excess of J/ψ is observed at mid-rapidity at very low-pT in peripheral collisions
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An excess of J/ψ is observed at mid-rapidity at very low-pT in peripheral collisions

Very similar to the coherently photo-produced J/ψ measured in the UPC (scaled)

Cross section measurement assuming a J/ψ photo-production on going
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Indication of non zero v2

At low-pT J/ψ might be formed by flowing charm quarks (regeneration)

ar
Xi

v:
17

09
.0

52
60

Antoine Lardeux (UiO) Recent results on J/ψ at mid-rapidity from ALICE PQG France 2017 — Etretat

ALI-PREL-118208



J/ψ v2 30

At low-pT J/ψ might be formed by flowing charm quarks (regeneration)
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Similar v2 for open and hidden charm
Indication for charm thermalization

Indication of non zero v2
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At low-pT J/ψ might be formed by flowing charm quarks (regeneration)
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Similar v2 for open and hidden charm
Indication for charm thermalization
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Indication of non zero v2
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Data fairly well described by transport models including regeneration
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Hot nuclear matter effects:

ALICE has measured J/ψ production at mid-rapidity in pp, p-Pb and Pb-Pb collisions at LHC.

Cold nuclear matter effects:

- J/ψ measurements favor a suppression + regeneration scenario at the LHC
- 5 TeV results are compatible with those at 2.76 TeV and allow a better precision

- Indication/evidence for J/ψ v2 at 5.02 TeV            
- J/ψ excess at very low-pT             coherent photo-production in hadronic collisions?

- J/ψ RpPb analysis on going at mid-rapidity  (TRD triggered events)  

pp collisions: multiplicity dependence:

- Increase of J/ψ production with event multiplicity in pp collisions at √s = 13 TeV 
- Dependence steepens with transverse momentum 
- Qualitatively well described by models with different underlying assumptions 
  (increased production, saturation) 
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