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E. Scomparin (INFN -Torino)

Ç A short introduction
Ą 30 years ago at Quark Matter

Ç RHIC and LHC at work
Ą New discoveries, better understanding

Ç Open points and prospects
Ą Where do we stand ? Is the future bright ?

Quarkonium production 
in AA ( pA) collisions
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The beginningé
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Quark Matter 87

Ç NA38, O -U collisions
at the CERN SPS

Ç 200 GeV/nucleon 
(lab system! ÕsNN=19.4 GeV )

First evidence for J/ ysuppression 
in nuclear collisions!

ÇñIf high-energy heavy ion collisions lead to the formation of a quark -gluon 
plasma, then color screening prevents cc binding in the deconfined
interior of the interaction regionò (Matsui, Satz , 1986) 
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éand the feedback of
the audienceé.
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From the QM87 summary talk

Ç Competing sources of J/ ydissociation involving hadronic interactions 
(with cold nuclear matter and/or hadronic medium) can reproduce the 
observations if sdiss~1 -2 mb

A signature of deconfinemen t , 
or just a generic signature for dense matter formation?
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Where do we stand,
after 30 years ?

4

Ç A wealth of high -quality data have been accumulated,
at various facilities (SPS, RHIC, LHC)  for various collision 
systems

Ç Do experimental results allow us to 
1) Understand the phenomenology of quarkonium in HI ?
2) Extract quantitative/detailed information on the QGP 

features ?

Ç In this talk
ĄThe ñpushò from experiments is  very strong
Letôs discuss lots of high quality new data 

Ç As for all observables in HI, interaction with theory
is mandatory Ą see next talk
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J/yin AA collisions
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Color Screening

cc

lD

Quarkonium melting 
Ą QGP thermometer

From 
color

screening

Tc
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J/yin AA collisions
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Color Screening

cc

Quarkonium melting 
Ą QGP thermometer

From 
color

screening

lD

Tc
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J/yin AA collisions
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Color Screening

cc

Quarkonium melting 
Ą QGP thermometer

From 
color

screening

lD

Tc

to 
quark
(re)

combination

Central AA 
collisions

SPS 
20 GeV

RHIC 
200 GeV

LHC
5 TeV

Nccbar /event ~0.2 ~10 ~115

Quarkonium (re)generation
Ą Heavy quark dynamics in QGP
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Disclaimer
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Ç Although the ñscreening+recombination ò picture is conceptually simple
and attractive, a realistic description implies a sophisticate treatment

Ç Some examples
Ç At high -energy the QGP thermalization times can be very short 
Ą I n - medium formation of quarkonium rather than suppression of 

already formed states
Ą Heavy quark diffusion is relevant for quarkonium production

Ç Need 
Ç TD , M Ǹ(T), ũǸ(T) from QCD calculations

(using spectral functions from EFT/LQCD )
Ç Fireball evolution from microscopic calculations
Ç Precise determination of the total open charm cross section

Impressive advances on theory side but the availability of data for
various colliding systems and energy remains a must!
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Low -pT J/y: ALICE (vs PHENIX) B. Abelev et al., ALICE
PLB 734 (2014) 314
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forward y

Ç Systematically larger R AA values for central events at LHC
Ç RAA increases at low p T at LHC
Ç Precise results at ÕsNN =5.02 TeV , compatible with ÕsNN=2.76 TeV

Ç Results vs centrality dominated by low -pT J/y

Possible interpretation: 
RHIC energy Ą suppression effects dominate
LHC energy Ą suppression + regeneration 
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Low -pT J/y: ALICE (vs PHENIX)
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forward y
forward y

J.Adam et al, ALICE
PLB766(2017) 212

Ç Systematically larger R AA values for central events at LHC
Ç RAA increases at low p T at LHC
Ç Precise results at ÕsNN =5.02 TeV , compatible with ÕsNN=2.76 TeV

Ç Results vs centrality dominated by low -pT J/y

Possible interpretation: 
RHIC energy Ą suppression effects dominate
LHC energy Ą suppression + regeneration 
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Low -pT J/y: central vs forward -y
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central y

Ç Central Pb-Pb: hints for a weaker suppression at y~0 with respect to 
forward -y results at ÕsNN=5.02 TeV
Ą expected in a (re)generation scenario (fluctuation cannot be excluded)

Ç No significant ÕsNN - dependence of R AA (5.02 vs 2.76 TeV), confirming 
forward -y observations 
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Low -pT J/y: central vs forward -y
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Ç Central Pb-Pb: hints for a weaker suppression at y~0 with respect to 
forward -y results at ÕsNN=5.02 TeV
Ą expected in a (re)generation scenario (fluctuation cannot be excluded)

Ç No significant ÕsNN - dependence of R AA (5.02 vs 2.76 TeV), confirming 
forward -y observations 

Ç Transport and statistical models have large uncertainties 
(shadowing+open charm cross section)
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New J/ yv2 results
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p T

(GeV/c)
0 - 2 2 - 4 4 - 6 6 - 8 8 - 12

Dh=1.1 2.2s 6.3s 7.4s 5.0s 2.8s

Dh=5.3 1.4s 6.2s 5.0s 3.3s 1.3s

Ç A significant fraction of observed J/ ycomes from charm 
quarks which thermalized in the QGP

Ç From hint to evidence for a 
non - zero v 2 signal , maximum for 
4< pT<6 GeV/c, 20 -40% centrality

Ç The contribution of J/yfrom 
(re)combination could lead to an
elliptic flow  signal at LHC 
Ą hints observed in run -1 results
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New J/ yv2 results
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p T

(GeV/c)
0 - 2 2 - 4 4 - 6 6 - 8 8 - 12

Dh=1.1 2.2s 6.3s 7.4s 5.0s 2.8s

Dh=5.3 1.4s 6.2s 5.0s 3.3s 1.3s

Ç A significant fraction of observed J/ ycomes from charm 
quarks which thermalized in the QGP

Ç From hint to evidence for a 
non - zero v 2 signal , maximum for 
4< pT<6 GeV/c, 20 -40% centrality

Ç The contribution of J/yfrom 
(re)combination could lead to an
elliptic flow  signal at LHC
Ą hints observed in run -1 results

Ç Agreement, within uncertainties,
with run -1 results
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New J/ yv2 results
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Ç From hint to evidence for a 
non - zero v 2 signal , maximum for 
4< pT<6 GeV/c, 20 -40% centrality

p T

(GeV/c)
0 - 2 2 - 4 4 - 6 6 - 8 8 - 12

Dh=1.1 2.2s 6.3s 7.4s 5.0s 2.8s

Dh=5.3 1.4s 6.2s 5.0s 3.3s 1.3s

Ç The contribution of J/yfrom 
(re)combination could lead to an
elliptic flow  signal at LHC 
Ą hints observed in run -1 results

Ç Agreement, within uncertainties,
with run -1 results

Ç A significant fraction of observed J/ ycomes from charm 
quarks which thermalized in the QGP

Ç Comparison closed vs open charm
Ą Learn about light vs heavy

quark flow
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High -pT J/y
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Ç Striking difference with respect 
to low -pT J/y

Ç Suppression increases with 
centrality at high pT , down    
to R AA ~0.3

V. Khachatryan et al. 
(CMS), arXiv:1610.00613 ATLAS-CONF-2016 -109

Ç RAA increases for
p T > 20 GeV/c

Ç Related to energy loss
effects, rather than
dissociation ?
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J/y- RHIC energy
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Ç Recent highlights by STAR
Ç Low vs high p T J/ ysuppression

Ç Low p T J/ y, RAA
LHC >R AA

RHIC   
ă strong regeneration

Ç High p T J/ y, R AA
LHC <R AA

RHIC   
ă weak (or no) regeneration



E. Scomparin, Quarkonium production in AA collisions, QM2017, Chicago, February 2017

y(2S) in Pb -Pb
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Ç Binding energy ~(2m D-my) Ą y(2S) ~ 60 MeV, J/ y~ 640 MeV

lD

J/y

y(2S)

Ç Expect much stronger dissociation effects
for the weakly bound y(2S) state

Ç Effect of re -combination on y(2S) more subtle
Ą important when the system is more diluted

(even hadronic?)

c c
c c

t

Important test
for models!

J/y

y(2S)
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Double ratios y(2S)/J/ y
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Ç (y(2S )/J/ y) PbPb/ (y(2S)/J/ y) pp Ą << 1 in a dissociation scenario 
Ç CMS (intermediate pT ) , enhancement to suppression for increasing ÕsNN

Ç ALICE extends down to pT=0, suppression is seen

Ç Proposed mechanism (Rapp) for enhancement: y(2S) regeneration 
mainly occurring later , when radial flow is already built -up

Intermediate pT

5.02TeV
2.76TeV

V. Khachatryan et al. (CMS),
arXiv:1611.01438
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Double ratios y(2S)/J/ y
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Ç (y(2S )/J/ y) PbPb/ (y(2S)/J/ y) pp Ą << 1 in a dissociation scenario 
Ç CMS (intermediate pT ) , enhancement to suppression for increasing ÕsNN

Ç ALICE extends down to pT=0, suppression is seen
Ç Good compatibility at ÕsNN=5.02 TeV in the common pT range

Ç Proposed mechanism (Rapp) for enhancement: y(2S) regeneration 
mainly occurring later , when radial flow is already built -up

Intermediate pT

5.02TeV
2.76TeV

V. Khachatryan et al. (CMS),
arXiv:1611.01438
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p-A results and CNM effects
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Low - energy collisions
cc pair may form inside nucleus
Ą can be dissociated
Ą low hadronic multiplicity 
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p-A results and CNM effects
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Low - energy collisions
cc pair may form inside nucleus
Ą can be dissociated
Ą low hadronic multiplicity 
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p-A results and CNM effects
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High - energy collisions
cc pair forms outside nucleus
Ą not dissociated in the nucleus
ĄMay interact with ñmediumò

Low - energy collisions
cc pair may form inside nucleus
Ą can be dissociated
Ą low hadronic multiplicity 
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p-A results and CNM effects
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Low - energy collisions
cc pair may form inside nucleus
Ą can be dissociated
Ą low hadronic multiplicity 

High - energy collisions
cc pair forms outside nucleus
Ą not dissociated in the nucleus
ĄMay interact with ñmediumò
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p-A results and CNM effects
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High - energy collisions
cc pair forms outside nucleus
Ą not dissociated in the nucleus
ĄMay interact with ñmediumò

Low - energy collisions
cc pair may form inside nucleus
Ą can be dissociated
Ą low hadronic multiplicity 

Ç Important ingredient for the interpretation of A -A results
Ç Study of various QCD -related mechanisms

(shadowing, coherent parton energy loss, CGC, é)
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ALICE results from the recent p -Pb LHC run 
(ÕsNN=8.16 TeV)
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Ç Extend kinematic coverage ( pT=20 GeV/c)
Ç Different (higher) energy 
Ą slightly different x - region

Ç Results at ÕsNN =5.02 and 8.16 TeV
compatible

ÕsNN=8.16 TeV, pT=0 J/ y
1.1Ö10 -5<x<5 Ö10 -5 (p -going)
7.3Ö10 -3<x<3.3 Ö10 -2 (Pb-going)

5.02 TeV
8.16 TeV

CERN-ALICE-PUBLIC-2017 -001


