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Superconductivity 

Order Parameter r 

Order parameter in QCD? 

http://upload.wikimedia.org/wikipedia/commons/0/08/Cvandrhovst.png
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Confinement: L=e-F

Chiral sym: <qq>

EOS:   e , pHeavy quark V(r)

Lattice results for phase transition in QCD  (from Karsch’s review)

Susceptibility  cmq cLQuark number  cq
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QCD phase transition, heavy quark 

system and nuclear matter

K.Morita, SHL:  PRL 100, 022301 (08)

K.Morita, SHL:  PRC 77, 064904 (08) 

SHL, K. Morita: PRD 79, 011501 (09)

Y.Song, SHL, K.Morita: PRC 79, 014907 (09)
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Early work on J/y at finite T (Hashimoto, Miyamura, Hirose, Kanki)
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J/y in Quark-gluon plasma

• Matsui and Satz:   J/y will dissolve at Tc due to color screening

• Lattice MEM :    Asakawa, Hatsuda, Karsch, Petreczky …. 

J/y will survive Tc and dissolve at 2 Tc 

• Potential models (Wong …) : 

Consistent with MEM Wong.

• Refined Potential models with lattice (Mocsy, Petreczky…)

: J/y will dissolve slightly above Tc

• Lattice after zero mode subtraction (WHOT-QCD)

: J/y wave function hardly changes at 2.3 Tc

• AdS/QCD (Kim, Lee, Fukushima ..)  

:    J/y mass change by Y. Kim, J. Lee, SHLee

• Wiki page  …https://wiki.bnl.gov/qpg/index.php/Quarkonia.

• Perturbative approaches:  Blaizot et al…  Imaginary potential

• pNRQCD:  N. Brambial et al. 
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• Kaczmarek, Zantow 05
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• What should one use? F(T,r) =V(T,r) -TS(T,r) 

Lattice result on singlet potential

Kaczmarek , Zantow hep-lat/0510094  V(T,r) at 1.3 Tc

F(T,r) at 1.3 Tc

V(r)  at T=0
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J/y from potential models  

• F(T,r) =V(T,r) -TS(T,r) 

Kaczmarek , Zantow hep-lat/0510094  

• Quarkonium dissociation temperature for different potentials

V(T,r) at 1.3 Tc

F(T,r) at 1.3 Tc

V(r)  at T=0

Using F(T,r)

Using V(T,r) 

Wong 04

Another model independent approach ?

S H Lee: HIM10-02
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• Tc region is important in HIC

Few things to note about J/y near Tc

• Large non-perturbative change at Tc

• Resumed perturbation fails 

Karsch  hep-lat/0106019
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Comparison with experimental data of RHIC (√s=200 GeV at 
midrapidity)

T. Song (preliminary)
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Lattice result for purge gauge (Boyd et al 96)

Lattice data on (e , p) 

p/T4

e/T4

Rescaled pressure (Karsch 01) Karsch  hep-lat/0106019

Sudden increase in e

Slow increase in p
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• At finite temperature:  from 

Local operator related to confinement?    Gluon Operators near Tc
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• Two independent operators

Twist-2 Gluon

Gluon condensate
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W(ST)=

exp(- ST)

Time 

Space

Space
S

W(S-T) = 1- </ E2> (ST)2 +…

W(S-S) = 1- </ B2> (SS)2 +…

OPE for Wilson lines: Shifman NPB73 (80)

<E2>, <B2>   vs   confinement potential

• Local vs non local behavior

W(SS)= 

exp(- SS)

T

• Behavior at T>Tc

W(SS)= exp(- SS)

W(ST)= exp(- g(1/S) S)

</ B2 >T

</ E2 >T
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• Condensate at finite density
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Local operators in Nuclear Medium
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Finite temperature

Lattice calculation 

• Vacuum

Approach based on OPE (K. Morita and S. H. Lee) 

+

     ,2 GDDGG








Finite density

Nucleon expectation value

nnn r     |                    | 

• Medium corrections
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J/y near Tc
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Approaches to Heavy quark 
system in medium

OPE,    QCD Stark Effect, and 

QCD sum rules
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Approach based on OPE  

• In this work,

r,T

nG+

• Separation of scale in this approach


Non perturbative

perturbative

nG

1. J/y mass shift (m) near Tc: QCD 2nd order Stark effect

2. J/y width (G) near Tc : perturbative QCD + lattice

3. check consistency of m ,  G at Tc :QCD sum rules

4. Application to nuclear matter

</ B2 >T

</ E2 >T
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2nd order Stark effect from  pNRQCD

➢ LO Singlet potential from pNRQCD :  Brambilla et al.

S O

➢ Derivation

1/r > Binding > L QCD,

• Take expectation value

• Large Nc limit

• Static condensate

• Energy

• →
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Summary

• Elementary J/y in pert QCD,  LO (Peskin + others) and NLO (Song, Lee 05)  

LO NLO

Thermal width from NLO QCD + confinement model

• Thermal width:  J/y x thermal gluon   (Park, Song, Lee, Wong 08,09)       
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• E,B Condensate 

Confinement model: Schneider, Weise 
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Summary

G =pert QCD + confinement model

GeV

/yJM m  from QCD Stark Effect 

  GeV

/yJG

Mass and width of J/y near Tc (Morita, Lee 08, M, L & Song 09)
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Constraints from QCD sum rules for Heavy quark system 

OPE
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QCD sum rule constraint  (Morita, Lee 08)
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Summary

G =pert QCD + confinement model

GeV

/yJM m  from QCD Stark Effect 

  GeV

/yJG

Mass and width of J/y near Tc (Morita, Lee 08, M, L & Song 09)

G

QCD sum rule limit  with G =0

G =constraint-m (Stark effect)
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SummaryG in NLO QCD + confinement model

• Non perturbative part at Tc: confinement model (mg(T) C(T))

From Tc to 1.05 Tc  mass and width seems to rapidly change by 50 MeV ; to 
probe higher temperature within this region,

1. For mass, need higher dimensional operators

2. For width, Need higher twist contribution

Constraints from 
Borel sum rule

NLO QCD + 

confine-model
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Three places to look

Reconstruction of Imaginary Correlator
and 

RAA from RHIC
and 

Mass shift at Nuclear matter 
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Morita, Lee  (09) arXiv:0908.2856
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2-comp model (Rapp) Comparison with experimental data of RHIC 
(√s=200 GeV at midrapidity)

T. Song, SHLee (preliminary)
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• Effects of width and mass

• At LHC

Mass shift by -100 MeVAssumed recombination 
effect to be the same
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Matching Mn-1/Mn from Phen  to OPE

→ Obtain constraint for mJ/y and G

OPE
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• QCD sum rule constraint 

Mass and width of J/y in nuclear Matter (Morita, Lee 08)
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Quantum 
numbers

QCD 2nd

Stark eff.
Potential 
model

QCD sum 
rules

Effects of 
DD loop

hc
0-+ –8 MeV –5 MeV

(Klingl, 
SHL ,Weise, 

Morita)

No effect

J/y 1-- –8 MeV
(Peskin, Luke)

-10 MeV
(Brodsky et al).

–7 MeV
(Klingl, 

SHL ,Weise, 
Morita)

<2 MeV
(SHL, Ko)

cc
0,1,2++ -20 MeV -15 MeV

(Morita, Lee)

No effect 
on cc1

y(3686) 1-- -100 MeV < 30 MeV

y(3770) 1-- -140 MeV < 30 MeV

Other approaches for mass shift in nuclear matter
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Anti 

proton

4 to 6 GeV/ck =

Heavy nuclei

3 2

1
1.2

0.17 5
fm

fm fm−
=



y

e+

e−

Observation of m through p-A reaction

Expected luminosity at GSI 2x 1032cm-2s-1

Can be done at J-PARC
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1. Finite temperature lattice: Karsch: arXiv:0711.0661, 0711.0656, 

0710.0354,  Kaczmarek et al. PRD 70, 074505

2. Sum rule method at finite T: 
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PRL 100,022301, Mocsy, Petreczky, PRL, 99, 211602 (2007)
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PBM , J. Stachel, PLB490, 196 (2000), Andronic et al. arXiv::nucl-
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th/0310080, 
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