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Outline

In this presentation :

Pb-Pb collisions : J/ ψ polarization

Future projects…

p-Pb collisions : ψ(2S) vs pT,y and centrality

Introduction

My PhD activity
❑ ALICE collaboration

❑ Research field : heavy-ion collisions (p-A & A-A)

❑ Focus on quarkonium production
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Quark-Gluon Plasma (QGP) : a state of matter in which quark and gluons are free and no 

more confined into hadrons (energy density ε ≥ 1 GeV/fm3)

Quarkonia : heavy quark-antiquark bound state 

(charm or bottom)

QGP properties can be studied in heavy-ion collisions

where high energy density is reached

LHC energies
Quarkonia experience the complete 

QGP evolution

Quarkonium represents an important probe to 

investigate QGP properties

Quark-gluon plasma & Quarkonia

❑ High temperature

❑ Low baryon density

Critical 

point?
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Thermometer: different quarkonium states dissociate at different temperature

J/ψ ψ(2S) χC

Mass (GeV) 3.10 3.68 3.53

EB (MeV) ∼640 ∼60 ∼200

1
∼0.9

∼0.6

∼0

J/
ψ
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.) Sequential suppression

EB
ψ 2S

< EB
ΤJ ψ

→ ψ(2S) less bound and more 

suppressed than ΤJ ψ

ψ(2S) more sensitive probe to 

nuclear effects

Sequential suppression:

progressive disappearance of some resonances

as the temperature rises

T

Quarkonium suppression
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J/ψ prompt yield

J/ψ non-prompt yield

60% - J/ψ direct

30% - χc →J/ψ + γ

10% - ψ(2S) → J/ψ + X

10% - B-decays (at low-pT)



Pb-Pb

Two different systems are under study

p-Pb

Important for the study of

Cold Nuclear Matter effects
(CNM)

𝑅𝑥Pb =
σ𝑥Pb

𝑁𝑐𝑜𝑙𝑙 ⋅ σpp

Nuclear Modification Factor : quantifies the effect due to the formation of cold/hot nuclear matter

Key observable

Important for the study of

Hot Nuclear Matter effects
(QGP)

𝑥 = p for p-Pb

𝑥 = Pb for Pb-Pb

❑ 𝑅𝑥Pb = 1

❑ 𝑅𝑥Pb ≠ 1

Heavy-ion collisions : key observable

No medium effect

Medium effect (?)
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The ALICE experiment

The ALICE experiment at LHC is designed for the study of heavy ion collisions
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The ALICE experiment

The ALICE experiment at LHC is designed for the study of heavy ion collisions

𝒆+

𝒆−

Central barrel :

❑ 𝑄 ത𝑄 decay mode : 𝑒+𝑒−

❑ Rapidity coverage : 𝑦 < 0.9
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The ALICE experiment

The ALICE experiment at LHC is designed for the study of heavy ion collisions

Muon spectrometer:

❑ 𝑄 ത𝑄 decay mode : 𝜇+𝜇−

❑ Rapidity coverage : 2.5 < y < 4

Central barrel :

❑ 𝑄 ത𝑄 decay mode : 𝑒+𝑒−

❑ Rapidity coverage : 𝑦 < 0.9

❑ In this analysis quarkonium is studied

decaying to a muon pair

Focus on the muon spectrometer:

Front absorber

Tracking system

Dipole magnet

Trigger system
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p-Pb collisions

▪ ψ(2S) vs pT,y and centrality
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The ALICE muon spectrometer allows to :

Shadowing Anti-shadowing

𝑅𝑔
𝑃𝑏 =

PDF in bound Pb nucleus

PDF in free nucleon

p-Pb/Pb-p collisions

access low-𝑝T J/ψ (down to zero 𝑝T)

explore forward/backward rapidities

Hypotesis : no QGP formation in pA collisions

Cold Nuclear matter effects
❑ Energy loss in a cold nuclear matter : modification of the 

charmonium 𝑝T spectrum in p-A collisions via small-

angle gluon emission

❑ Parton shadowing : modification of nucleon PDF inside 

nuclei w.r.t. free nucleons

Analysis motivations

pPb – ψ(2S) vs pT, y and centrality



The number of ψ 2S is

evaluated through the fit of 

the 𝜇+𝜇− invariant mass 

distribution

𝝈𝐩𝐩
𝛙 𝟐𝐒

is obtained from the study of ψ(2S) cross sections in 

proton-proton collisions at 𝑠 = 5.02 and 8.16 TeV

𝑨 × 𝝐 is obtained via MC 

simulation using as input shapes

the 𝑝T and 𝑦 distributions tuned

on data

Signal extraction

Acceptance × efficiency

pp reference

𝑹𝐩𝐏𝐛
𝛙 𝟐𝐒

=
𝑵𝐩𝐏𝐛
𝛙 𝟐𝐒

𝑨 × 𝝐 𝝈𝐩𝐩
𝛙 𝟐𝐒

⋅ 𝑁𝑀𝐵⋅ 𝐵𝑅 ⋅𝑇pPb ⋅
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Analysis procedure
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ψ(2S) production vs y and pT

𝑅pPb(𝑦, 𝑝T) =
𝑑σpPb/𝑑𝑝T𝑑𝑦

𝑁coll ⋅ 𝑑σpp/𝑑𝑝T𝑑𝑦

𝑅pPb
J/ψ

𝑦 compatible with CNM effects
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ψ(2S) production vs y and pT

𝑅pPb(𝑦, 𝑝T) =
𝑑σpPb/𝑑𝑝T𝑑𝑦

𝑁coll ⋅ 𝑑σpp/𝑑𝑝T𝑑𝑦

ψ 2S more suppressed than ΤJ ψ
especially at backward rapidity
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𝑅pPb
J/ψ

𝑦 compatible with CNM effects
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ψ(2S) production vs y and pT

𝑅pPb(𝑦, 𝑝T) =
𝑑σpPb/𝑑𝑝T𝑑𝑦

𝑁coll ⋅ 𝑑σpp/𝑑𝑝T𝑑𝑦

ψ 2S more suppressed than ΤJ ψ
especially at backward rapidity

Consistent behaviour vs 𝑝T
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𝑅pPb
J/ψ

𝑦 compatible with CNM effects
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ψ(2S) production vs y and pT

𝑅pPb(𝑦, 𝑝T) =
𝑑σpPb/𝑑𝑝T𝑑𝑦

𝑁coll ⋅ 𝑑σpp/𝑑𝑝T𝑑𝑦

ψ 2S more suppressed than ΤJ ψ
especially at backward rapidity

Consistent behaviour vs 𝑝T

Agreement between data and theoretical models

Luca Micheletti
7

20/09/19

𝑅pPb
J/ψ

𝑦 compatible with CNM effects

pPb – ψ(2S) vs pT, y and centrality



ψ(2S) production vs y and pT : theory models
Comparison of ΤJ ψ and ψ(2S) results with shadowing and energy loss models

shadowing and energy loss

enough to explain data

shadowing and energy loss not

enough to explain data

Luca Micheletti
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The model refers to J/psi production but the 

mechanisms considered should act in the 

same way for ΤJ ψ and ψ(2S)

ψ(2S)

J/ψ

pPb – ψ(2S) vs pT, y and centrality



ψ(2S) production vs y and pT : theory models
Comparison of ΤJ ψ and ψ(2S) results with shadowing and energy loss models

shadowing and energy loss

enough to explain data

shadowing and energy loss not

enough to explain data
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The model refers to J/psi production but the 

mechanisms considered should act in the 

same way for ΤJ ψ and ψ(2S)

ψ(2S)

J/ψ

❑ "CGC + iCEM, Ma et al." : soft color 

exchanges between 𝑐 ҧ𝑐 hadronizing

pair and comoving partons

❑ "Comovers, Ferreiro"  : final-state 

interactions with the comoving medium

Comovers
Particles produced in the interaction

which move with the hadronizing 𝑐 ҧ𝑐 pair

Final-state effect can explain the difference ΤJ ψ − ψ(2S)

*First paper draft now under review in ALICE

pPb – ψ(2S) vs pT, y and centrality



𝑄pPb is equivalent to the 𝑅pPb as a function of centrality (𝑁coll)

Final-state effects are necessary to 

explain ψ 2S behaviour vs centrality

There are still some discrepancies

between data and models

ψ(2S) production vs centrality : theory models

Luca Micheletti
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*Paper in preparation…

Centrality : observable that measures the 

degree of overlap between the 

nucleus and the proton (nucleus)

Central Periferal

Comparison of ΤJ ψ and ψ(2S) results with 

shadowing, energy loss models

pPb – ψ(2S) vs pT, y and centrality



Pb-Pb collisions

▪ J/ ψ polarization



Analysis motivations
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The production of a strongly interacting medium can modify

quarkonium production

Pb-Pb collisions

Hypotesis : QGP formation in A-A collisions

Hot Nuclear matter effects
❑ Quarkonium suppression : dissociation of quarkonium

states via color screening mechanism

❑ Statistical recombination : the great number of cതc pairs 

produced at LHC energies may determine a regeneration

effect for quarkonia

Medium effect on quarkonium polarization

PbPb - J/ψ polarization
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J/ψ polarization: basic concepts

20/09/19

𝑊 𝑐𝑜𝑠𝜃, 𝜑 ∝
1

3 + 𝜆𝜃
⋅ (1 + 𝜆𝜃 cos

2 𝜃 + 𝜆𝜑 sin
2 𝜃 𝑐𝑜𝑠2𝜑 + 𝜆𝜃𝜑𝑠𝑖𝑛2𝜃𝑐𝑜𝑠𝜑)

Polarization axis :

❑ Helicity (HX): direction of ΤJ ψ in the collision center of mass frame

❑ Collins-Soper (CS): the bisector of the angle between the beam

and the opposite of the other beam, in the ΤJ ψ rest frame

Polarization measures the degree to which the spin of a particle is aligned with respect to a chosen axis

𝑏0 = 1; 𝑏+1,−1 = 0

𝑏0 = 0; 𝑏+1,−1 = Τ1 2

Longitudinal polarization

Transverse polarization

Experimentally the observable angular distribution is studied :

𝜆𝜃 , 𝜆𝜑, 𝜆𝜃𝜑 = 0,0,0

𝜆𝜃 , 𝜆𝜑, 𝜆𝜃𝜑 = −1,0,0

𝜆𝜃 , 𝜆𝜑, 𝜆𝜃𝜑 = +1,0,0 Pure transverse polarization

Pure longitudinal polarization

No polarization

Polarization can be measured in different reference frames

ΤJ ψ ( 𝐽PC = 1−−) → ห ۧ𝐽, 𝐽𝑍 = 𝑏−1ȁ ۧ1, −1 + 𝑏0ȁ ۧ1, 0 + 𝑏+1ȁ ۧ1, +1

PbPb - J/ψ polarization
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J/ψ polarization: from pp to AA collisions

Crucial for the understanding of the J/ψ production mechanism

❑ LO NRQCD predicted transverse polarization for high-𝑝T J/ψ
❑ NLO color singlet model predicted longitudinal polarization

Polarization in pp collisions

20/09/19 PbPb - J/ψ polarization

Measuring polarization it is possible to distinguish between the 

two production mechanisms
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J/ψ polarization: from pp to AA collisions

Crucial for the understanding of the J/ψ production mechanism

Polarization in AA collisions

Polarization in pp collisions

"Dense parton matter may then screen out of the existence a large part of 

quarkonia . . . but those of them that survive will carry the information 

about the mechanism of their formation throughout the collision"

❑ QGP is produced at LHC energies

❑ The suppression mechanism induced by the strongly

interacting medium produced in heavy ion collisions affects

differently the various quarkonium states

❑ May change the J/ψ polarization with respect to pp because

the feed-down fractions change

Ioffe & Kharzeev, Phys. Rev. C68 (2003) 061902

20/09/19 PbPb - J/ψ polarization

❑ LO NRQCD predicted transverse polarization for high-𝑝T J/ψ
❑ NLO color singlet model predicted longitudinal polarization

No measurement of J/ψ polarization

in AA collisions at LHC energies

Measuring polarization it is possible to distinguish between the 

two production mechanisms
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Analysis procedure

I. Signal extraction

II. Acceptance× efficiency correction

Number of ΤJ ψ obtained fitting the 𝜇+𝜇− invariant mass distribution

as a function of 𝑐𝑜𝑠𝜃 and 𝜑

Number of ΤJ ψ corrected with the 𝐴 × 𝜀 obtained in with a MC simulation

III. Polarization parameters extraction

Fit to the ΤJ ψ 𝐴 × 𝜀-corrected distribution with:

𝑊 𝑐𝑜𝑠𝜃, 𝜑 ∝
1

3 + 𝜆𝜃
⋅ (1 + 𝜆𝜃 cos

2 𝜃 + 𝜆𝜑 sin
2 𝜃 𝑐𝑜𝑠2𝜑 + 𝜆𝜃𝜑𝑠𝑖𝑛2𝜃𝑐𝑜𝑠𝜑)

ANALYSIS PROCEDURE

GOAL
𝜆𝜃 , 𝜆𝜑, 𝜆𝜃𝜑
evaluation

In this analysis ΤJ ψ is studied using the Pb-Pb collision dataset collected at

𝑠NN = 5.02 TeV in 2015 (𝐿int ∼ 0.2 𝑛𝑏−1)

20/09/19 PbPb - J/ψ polarization
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Signal extraction

❑ 𝜇+𝜇− angular distribution as a function of 𝑐𝑜𝑠𝜃
and 𝜑 for 2 < 𝑚μμ < 5 ΤGeV 𝑐2

20/09/19 PbPb - J/ψ polarization
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Signal extraction

❑ Creation of a 2D grid for signal extraction

❑ 𝜇+𝜇− angular distribution as a function of 𝑐𝑜𝑠𝜃
and 𝜑 for 2 < 𝑚μμ < 5 ΤGeV 𝑐2

Angular binning tuned according to the

statistical significance of the signal

20/09/19 PbPb - J/ψ polarization



Luca Micheletti
14

Signal extraction

❑ Creation of a 2D grid for signal extraction

❑ 𝜇+𝜇− angular distribution as a function of 𝑐𝑜𝑠𝜃
and 𝜑 for 2 < 𝑚μμ < 5 ΤGeV 𝑐2

Angular binning tuned according to the

statistical significance of the signal

❑ Fit to the 𝜇+𝜇− invariant mass distribution with various

signal and background shapes

20/09/19 PbPb - J/ψ polarization
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Extraction of the polarization parameters

❑ Polarization parameters are obtained

fitting the ΤJ ψ angular distribution

corrected for 𝐴 × 𝜀

𝑊 𝑐𝑜𝑠𝜃, 𝜑

∝
1

3 + 𝜆𝜃
⋅ (1 + 𝜆𝜃 cos

2 𝜃 + 𝜆𝜑 sin
2 𝜃 𝑐𝑜𝑠2𝜑

+ 𝜆𝜃𝜑𝑠𝑖𝑛2𝜃𝑐𝑜𝑠𝜑)

20/09/19 PbPb - J/ψ polarization
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Extraction of the polarization parameters

❑ Polarization parameters are obtained

fitting the ΤJ ψ angular distribution

corrected for 𝐴 × 𝜀

𝑊 𝑐𝑜𝑠𝜃, 𝜑

∝
1

3 + 𝜆𝜃
⋅ (1 + 𝜆𝜃 cos

2 𝜃 + 𝜆𝜑 sin
2 𝜃 𝑐𝑜𝑠2𝜑

+ 𝜆𝜃𝜑𝑠𝑖𝑛2𝜃𝑐𝑜𝑠𝜑)

න𝑊 𝑐𝑜𝑠𝜃, 𝜑 𝑑𝜑 𝑊 𝑐𝑜𝑠𝜃 ∝
1

3 + 𝜆𝜃
⋅ (1 + 𝜆𝜃 cos

2 𝜃)

𝑊 𝜑 ∝ +
2𝜆𝜑

3 + 𝜆𝜃
⋅ 𝑐𝑜𝑠2𝜑න𝑊 𝑐𝑜𝑠𝜃, 𝜑 𝑑𝑐𝑜𝑠𝜃

Check of the fit projecting the distribution along 𝑐𝑜𝑠𝜃 and 𝜑

20/09/19 PbPb - J/ψ polarization



Preliminary results
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20/09/19 PbPb - J/ψ polarization

Polarization parameters as a function of 𝑝T in 

the Helicity and Collins-Soper reference frames

𝜆𝜃 , 𝜆𝜑, 𝜆𝜃𝜑 compatible with zero

This first measurement suggests weak or no 
ΤJ ψ polarization also in heavy-ion collisions



Preliminary results
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20/09/19 PbPb - J/ψ polarization

No significant difference between 𝜆𝜃 , 𝜆𝜑, 𝜆𝜃𝜑
obtained in Pb-Pb and pp collisions

Polarization parameters as a function of 𝑝T in 

the Helicity and Collins-Soper reference frames

𝜆𝜃 , 𝜆𝜑, 𝜆𝜃𝜑 compatible with zero

This first measurement suggests weak or no 
ΤJ ψ polarization also in heavy-ion collisions

Comparison with ALICE results at 𝑠 = 7 and 

8 TeV in pp collisions



Preliminary results

Comparison with NA60 (preliminary) results 

in In-In collisions at 𝑠NN = 17 GeV

No significant difference between 𝜆𝜃 , 𝜆𝜑, 𝜆𝜃𝜑
obtained in Pb-Pb and pp collisions

Polarization parameters as a function of 𝑝T in 

the Helicity and Collins-Soper reference frames

𝜆𝜃 , 𝜆𝜑, 𝜆𝜃𝜑 compatible with zero

Similar behaviour in Pb-Pb and In-In collisions

at two very different energies

This first measurement suggests weak or no 
ΤJ ψ polarization also in heavy-ion collisions

Comparison with ALICE results at 𝑠 = 7 and 

8 TeV in pp collisions
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*Paper in preparation…

Relults released by ALICE in May 2019 and shown for the first 

time at the 13° international workshop on heavy quarkonium
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Future projects

The high-statistics data sample collected in 

2018 allows to be "more differential" in 𝑝T

Possibility to study J/ψ polarization

as a function of :

❑ Centrality

❑ Event-plane

The very first comparison between 2015 

and 2018 results shows a good agreement

Luca Micheletti
17

20/09/19 Future projects…



Future projects

The high-statistics data sample collected in 

2018 allows to be "more differential" in 𝑝T

Possibility to study J/ψ polarization

as a function of :

❑ Centrality

❑ Event-plane

The very first comparison between 2015 

and 2018 results shows a good agreement

The statistics collected in 2015 and 2018 allows

to study Υ(1𝑆) polarization Pb-Pb collisions

Is it possible to have more bins in 𝑝𝑇? 

Few check are still on going …
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