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QCD Phase Diagram and QGP
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Slide borrowed from Pengfei Zhuang, Seminar at ICTS@USTC



Probing hot matter with quarkonium
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It is concluded that J/y suppression in nuclear collisions should 

provide an unambiguous signature of quark-gluon plasma formation
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J/y suppression observed in HIC
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Peripheral Central 

200 AGeV O+U collisions

NA38, PLB220, 471 (1989)

1989

13.8±1.7 7.2±0.9



Nuclear absorption 
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Inelastic J/y scattering (dissociation) on primordial target and projectile 

nucleons

 Suppression of J/y before the formation of QGP

 Nothing to do with QGP

 Cold nuclear matter (CNM) effect

C. Gerschel and J. Hufner, PLB 207, 253 (1988)

C. Gerschel and J. Hufner, ZPC 56, 171 (1992)

Observed J/y

suppression 

well described by 

nuclear absorption 

only



Anomalous J/y suppression

QCD Phase Structure III, CCNU, 6/6-9, 2016 6Zebo Tang (USTC)



Evidence of deconfinement?
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NA 50, PLB 477,28 (2000)

cc direct J/y

On the contrary, the behaviour seen in our data follows the stepwise pattern expected 

in case the matter produced in the Pb-Pb collisions undergoes a phase transition into 

a deconfined state of quarks and gluons. Therefore, we must conclude that the J/ψ

suppression pattern observed in our data provides significant evidence for 

deconfinement of quarks and gluons in the Pb-Pb collisions probed by NA50.



pT dependence 
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<pT
2 > vs. centrality J/y suppression vs. pT

NA50, PLB499, 85 (2001) 

Increase and then fatter Less suppression at higher pT



Theoretical calculations
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2001

2003

2003



Describes data well
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Threshold model Comover modelThreshold model with time structure

PLB 2003 PRC 2003

normal

anomalous



RHIC Experiments
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Mid-rapidity: e+e-, |h|<0.35, Df2 x p/2

Forward rapidity: m+m-, 1.2<|h|<2.2, Df2p

Mid-rapidity: e+e-, |h|<1, Df2p full coverage

STAR Detector

Time-Of-Flight (TOF):

China-US detector (MRPC)

Fully installed since 2009-2010

Muon Telescope Detector (MTD):

China-US detector (LMRPC)

Fully installed since 2013-2014



J/y suppression at RHIC
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Mid-rapidity: 

Similar suppression as SPS

Forward rapidity: 

More suppression than in mid-rapidity

EPJC71,1534 (2011)

Mike Leitch, QDM2011

Similar anomalous suppression

Two Puzzles!!

Eur.Phys.J.C71:1534,2011



Color screening vs. (Re)generation
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Color Screening
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Quarkonium melting in QGP Quarkonium (re)generation in QGP
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Braun-Munzinger & Stachel, Thews et al., Rapp et al, Zhuang et al., …



Transport approach
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Xianglei Zhu, Li Yan, Yungpeng Liu, Zhen Qu, Kai Zhou, Baoyi Chen, Zhengyu Chen, 

Nu Xu and Pengfei Zhuang

Review talk

given by Prof. Zhuang

on Quark Matter 2015



Comparison with data
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Z. Qu, Y. Liu, N. Xu, P. Zhuang, NPA830, 335c (2009) X. Zhao, R. Rapp, PRC82, 064905 (2010)



Quarkonium in heavy-ion collisions
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• Hot nuclear matter effects (QGP effects)

− Suppression due to color-screening

− Enhancement due to (re)generation 

A+A

• Cold nuclear matter effects (CNM effects)

− Gluon  (anti-)shadowing

− Absorption 

− Gluon saturation

− Cronin effect

− …

low x

D

Dcc
moversco-

p(d)+A

A+A



Go to high-pT
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Strong suppression at low-pT

200GeV d+Au, 0-100% centrality

PHENIX, PRC 87, 034904 (2013)

No suppression at pT>4 GeV/c



High-pT J/y in 200 GeV Au+Au
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• Suppression seen at high-pT in central Au+Au collisions

• Increase trend from low to high pT can be described by 

theoretical calculations



Centrality dependence
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Yunpeng Liu, Zhen Qu, Nu Xu and Pengfei Zhuang, PLB 678:72 (2009) 

Xingbo Zhao and Ralf Rapp, PRC 82,064905(2010)

STAR: PLB 722, 55 (2013), PRC 90, 024906 (2014)

Consistent with unity in 

peripheral

Significant suppression in 

central 

 May indicate QGP melting

Models including color-

screening and (re)generation 

describe data



High-pT J/y at LHC

QCD Phase Structure III, CCNU, 6/6-9, 2016 20Zebo Tang (USTC)

Significant suppression in central collisions at RHIC and LHC

Stronger suppression at LHC than RHIC 

May explained by stronger shadowing effect at LHC

CMS, JHEP 1205, 063 (2012)

STAR, PLB 722, 55 (2013) ALICE

RpPb x RpPb at LHC



Upsilon at RHIC
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• (Re)generation negligible 

for Upsilon

• Similar suppression from 

d+Au to mid-central Au+Au

• Stronger suppression in 

central collisions

• Agree with model based on 

lattice QCD calculation of 

melting in hot medium



Upsilon at LHC
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CMS, PRL109 (2012) 222301 and HIN-15-001 

STAR, PLB735 (2014) 127 and preliminary U+U
Npart

Significant Upsilon suppression

Feeddown is not enough to explain 

 May indicate QGP melting
Help to constraint potential 

K. Zhou, N. Xu and P. 

Zhuang, NPA931, 654 

(2014)



Low-pT at LHC – (Re)generation
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Less suppression at LHC at low-pT

Different pT dependence

Strong indication of (Re)generation

forward-rapidity

STAR

ALICE



J/y flow

QCD Phase Structure III, CCNU, 6/6-9, 2016 24Zebo Tang (USTC)

Primordial: little or zero v2

Regenerated: inherit v2 from charm quarks

STAR Preliminary

Significant D-meson flow Consistent with no flow at pT>2 GeV/c
Disfavor dominantly produced by 

thermalized charm quark coalescence 



J/y flow at LHC
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ALICE forward rapidity

ALICE, PRL 111, 162301 (2013)

Favors calculation with (Re)generation 

and even B thermalized 

CMS mid-rapidity

Low-pT data still missing

High-pT requires different mechanism



pT nuclear modification factor rAA
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R. Arnaldi, QM2015

New observable 

proposed by 

Pengfei Zhuang

Sensitive to medium properties

Significant energy dependence of the trend 

Decreasing trend at LHC reproduced by transport models



Summary
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Quakronium production in heavy-ion collisions may involves the combination 

of CNM effects, QGP melting and (re)generation 

High-pT J/y and Upsilon:

Significant suppression in central heavy-ion collisions

QGP melting

Low-pT J/y: Significantly less suppression at LHC than at RHIC

J/y elliptic flow: no flow at RHIC, significant flow at LHC

 (Re)generation at LHC 

pT nuclear modification factor rAA:

Sensitive to nuclear modification mechanisms

SPS: CNM effects dominant

RHIC: Competing between (re)generation and suppresion

LHC: (Re)generation dominant

Thank Prof. Pengfei Zhuang!


