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Institut de Physique Nucléaire Orsay, CNRS-IN2P3,
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Introduction Production of charmonia (J/ψ, ψ(2S), χc )

What are charmonia?

Charmonia are bound states of a charm quark-antiquark pair (cc̄), such as J/ψ, ψ(2S), χc , . . .

First observed: J/ψ

I discovered in 1974 simultaneously at AGS by S. Ting’s group (”J”, PRL 33 (1974) 1404) and at SLAC by group of
B. Richter (”ψ”, PRL 33 (1974) 1406)

I observed a very narrow resonance (∼ 70 keV) at M ≈ 3.1GeV/c2

I at the time, only u, d and s quarks→ discovery of charm quark - 1976 Nobel Prize in Physics

In this talk, we will focus on production of J/ψ analysed in the µ+µ− decay channel.
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Introduction Production of charmonia (J/ψ, ψ(2S), χc )

Charmonia production

I cc̄ pair is produced in the initial hard parton-parton scattering - described by pQCD calculations
I hadronizes into J/ψ - non-perturbative, includes both hard and soft scales of QCD

Contributions to the total inclusive J/ψ yield:

I direct - from the original cc̄ (prompt)
cc̄→ J/ψ

I decay from ψ(2S) and χc (prompt)
cc̄→ ψ(2S)→ J/ψ + X

I decay from b-hadrons (non-prompt)
bb̄→ J/ψ + X
τ ∼ 500 µm

Int. J. of Mod. Phys. A, Vol. 28, 1340012 (2013)
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ALICE @ LHC Physics programme

ALICE = A Large Ion Collider Experiment

I ALICE is one of the 4 main LHC experiments, dedicated to heavy ions
I LHC accelerates protons to nominal energy of 7 TeV and Pb beams to 2.76 ATeV
I LHC delivers collisions of pp, p-Pb, Pb-Pb

Main goal

I study the properties of matter created in collisions of ultra-relativistic heavy ions
I predicted transition from hadronic matter to partonic matter - Quark Gluon

Plasma (QGP)
I ∼ 1 month of Pb-Pb or p-Pb beams/year

I no lollygagging during the rest of the year→ pp data

I many nice results in pp

I up to now, pp collisions at 0.9, 2.76, 5.02, 7, 8, 13 TeV
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ALICE @ LHC Physics programme

ALICE physics programme

Collisions of heavy-ion

I map transition from hadronic matter to partonic matter - energy at which it occurs, nature of the transition
I measure the properties of QGP

Collisions of pp

I understand production mechanism of various particles, compare with models to test QCD
I provide reference to Pb-Pb and p-Pb measurements

Collisions of p-Pb

I presence of nuclear matter affects particle production (energy loss, modification of PDFs)
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ALICE @ LHC Experimental setup

ALICE detector

I system of ∼ 17 subdetectors
I Central Barrel surrounding Interaction Point (IP) +

Muon Spectrometer in the forward region
I particle identification (PID) down to pT = 0

Central Barrel
I vertexing detectors, PID detectors, calorimeters
I inside 0.5 T solenoid to bend the tracks
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ALICE @ LHC Experimental setup

ALICE Muon spectrometer

I 2.5 < y < 4, 0 < ϕ < 2π

I 5 Muon CHambers (MCH):
total of 10 Cathode Pad Chambers

I 2 Muon TRigger chambers (MTR):
total of 4 Resistive Plate Chambers

I dipole magnet of 3 T ·m bends the tracks

I front absorber provides background reduction
I dipole magnet + MCH detection and

reconstruction of muon tracks
I MTR shielded by an iron wall and by an absorber

surrounding the beampipe
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Measurement of charmonia production Production cross-section

J/ψ production cross-section

invariant yield Npp
J/ψ

extracted by fitting the invariant mass dimuon spectrum

Minv =
√

2m2
µ + 2Eµ1Eµ2(1−cosϑ12)

Branching Ratio BRJ/ψ→µµ = (5.961±0.033)% (PDG, Chin. Phys. C, 40, 100001 (2016))
correction for acceptance and efficiency represents the ratio of detected particles over all produced, and is extracted

from realistic MC

luminosity represents interaction rate

In µ+µ− channel, ALICE measures inclusive (prompt+non-prompt) J/ψ production.
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Measurement of charmonia production Data analysis

Signal extraction
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this thesis

I construct invariant mass spectra of pairs of muons and
look for a peak in region we are interested in

I fit with combination of signal shape + background shape
I use several combinations of different signal and

background shapes to estimate systematic uncertainty
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Measurement of charmonia production Data analysis

Evaluation of detector effects

I not all produced µ trigger a response in the detector
I extracted raw yields need to be corrected for acceptance and

efficiency A× ε

I done via MC simulations, generated sample NG ’travels’ through
realistic model of the detector

I analyse the output using the same procedure as in analysis of data
→ extract reconstructed sample NR

A× ε =
NR

NG
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Measurement of charmonia production Results

J/ψ cross-section in pp at 5.02 TeV

I measurement up to pT = 12 GeV/c and at rapidity 2.5 < y < 4
I very good state of detector⇒ low uncertainties - precise measurement
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Measurement of charmonia production Results

Data versus interpolation at 5.02 TeV

I p-Pb data at 5.02 TeV in 2013 - no pp data available at the same energy
I available data at

√
s = 2.76, 7 TeV⇒ interpolation done by ALICE+LHCb (ALICE-PUBLIC-2013-002) to be used

as a reference at 5.02 TeV
I pp collisions at

√
s = 5.02 TeV taken in 2015 : good agreement between data and interpolation, data more precise
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Measurement of charmonia production Results

Energy dependence of J/ψ production
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I cross-section increases with energy of the collisions
I hardening of the spectra with increasing

√
s as a

function of pT

I increase in bottom production→ non-prompt J/ψ at
harder pT
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Measurement of charmonia production Results

Comparison to LHCb
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I LHCb covers similar forward rapidity region (2 < y < 4.5) as ALICE (2.5 < y < 4)
I both measure down to pT = 0 GeV/c
I at 7 TeV excellent agreement between ALICE and LHCb, within 1σ

I comparison also done at 8 and 13 TeV
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Measurement of charmonia production Results

Comparison to theory

talk by H. Pereira at SQM2016, arXiv:1609.07277

grey: at high pT sum of prompt and non-propmt to describe
data
NRQCD prompt J/ψ (PRL 106 (2011) 042002) + FONLL
non-prompt (JHEP 1210 (2012) 137)

blue: at low pT PDFs not well known - need to add another
ingredient
NRQCD+CGC prompt J/ψ (PRL 113 (2014) 192301) +
FONLL non-prompt (JHEP 1210 (2012) 137)
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Conclusion

Summary

I ALICE has measured inclusive J/ψ differential cross-section versus pT and y at
√

s = 2.76, 5, 7, 8, 13 TeV
I pp 5.02 TeV crucial refrence for the Pb-Pb and p-Pb data, increased precision w.r.t. interpolation
I good agreement with LHCb measurement at same energies

I production increases with energy of the collisions
I fraction of non-prompt Jpsi over prompt increases with energy - hardening of the spectra

Outlook

I many new measurements to come - e. g. p-Pb data at unprecedent
√

sNN = 8 TeV
I more differential measurements of Run 2 data
I upgrade during the next Long Shutdown - Muon Forward Tracker (MFT) to improve vertexing capabilities of Muon

Spectrometer→ non-prompt separaration
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Back-up
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Non-prompt J/ψ in LHCb

I LHCb measured fraction of non-prompt/prompt J/ψ at
√

s = 13 TeV (LHCb, JHEP 1510 (2015) 172)
I increase with pT , decrease with y

2 / 5



Models describing charmonia production

Three main approaches to describe direct production:

Colour Evaporation Model (CEM) - production cross section of a given charmonium is proportional to the cc̄
cross-section in an invariant mass region 2mQQ̄ < M < 2mDD

Colour Singlet Model (CSM) - cc̄ production with the same quantum numbers (colour singlet) as the final-state meson,
charmonium expressed as cc̄ with zero relative velocity

Non-Relativistic QCD (NRQCD) - both colour singlet and colour octet state of the cc̄ pair are considered. The relative
contribution of the states is parametrized by fitting to a subset of data (e.g. Tevatron)
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Nuclear modification factor RAA

I production/suppression rates studied via Nuclear Modification
factor RAA

RAA =
1
〈TAA〉

d2NAA/dpT dy
d2

σpp/dpT dy

⇒ directly compares behaviour in pp and in A-A

I RAA < 1 suppression due to medium
I RAA > 1 enhancement
I RAA = 1 A-A is just a superposition of Ncoll · pp OR both

previous effects compensate
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RpPb
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