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 Correlation function 
 
 

 OPE part 
In the large Q2(= −q2) region, we can expand the product of two 
current operator to single local operator. 

 
 
In heavy quark system, 
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 Phenomenological part 
By dispersion relation, Π(𝑞𝑞) is related to its imaginary part and 
imaginary part is related to spectral density. 

 
 

 
 QCD sum rules in heavy quark system 
 
 
 
We get information about properties of hadrons in terms of QCD 
variables and condensates. 
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(resonance) (continuum) 



 Charmonium 
mesons formed by a bound state of a charm quark and a charm anti-quark 

 
 
 

 
 Sum rule in Vacuum(Shifman, Reinders et al) 
Mass of charmonium is very well described by QCD sum rule including dim4 
gluon condensates. 
 Sum rule at Finite T 
Using Lattice results of dim4 gluon condensates, temperature dependences of 
some charmoniums are calculated using QCD sum rule.  
 
 Sequential dissociation scenario 
Lattice QCD expects that the charmonium ground state(S-wave) J/Ψ can survive 
in a QGP up to 1.2Tc while the excited states(P-wave) χc and Ψ′ are dissociated 
just above Tc. 
 

 
 
 
 
 

 

P ηc(1S) 2980.3±1.2 MeV 

V J/ψ(1S) 3096.916±0.011 MeV 

S χc0(1P) 3414.75±0.31 MeV 

A χc1(1P) 3556.20±0.09 MeV 
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 Goals 
 

 1. Calculate all Wilson coefficients of gluon operators upto dim6. 
 

 2. Estimate the temperature dependence of dim6 gluon condensates. 
 

 3. Investigate temperature behavior of charmonium near Tc. 
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Dim 6 gluon operators can be made up of  
    
 
 
Among them, 2-scalar*, 3-twist4, and 1-twist2 are independent by 
index symmetry and Bianchi identity. ( twist#, #=dimension-spin ) 
 
 
 
 

 
 
 
 
 

 

symmetric and traceless 
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Especially, in the heavy quark system(charmonium) 
    
 
 
 
 
 

 
where, 

 
 
 

 
 
 
 
 

 

Heavy quark system 
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 dimension 4 
There are two independent dim 4 gluon operators and they can be 
represented by color E and B fields, 

 
 
 

                                                                                             cf ) 
  
                                                                                            
 
 
 

 dimension 6 
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We know the T dependence of 
𝛼𝛼𝑠𝑠
𝜋𝜋
𝐸𝐸2

𝑇𝑇
 and 𝛼𝛼𝑠𝑠

𝜋𝜋
𝐵𝐵2

𝑇𝑇
 from 

lattice calculations.** 

**Phys. Rev. D79, 011501(2009) S.H.Lee and K.Morita 

 Assumption 
We assume that fields are isotropic and their angular correlations can be neglected. 
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 Assumption 
We estimate order of ratio between G2 and G4 using gluon 
distribution function 𝐺𝐺(𝑥𝑥, 𝜇𝜇)*** and thermal gluon mass 𝑚𝑚𝐺𝐺(𝑇𝑇)****. 
 
 
Assume temperature behavior of G4 as, 
 
 
where 

 
 
 

 ***   P.R.L. 82 (1999) F.Klingl, S.S.Kim, S.H.Lee, P.Morath, and W.Weise 
****  Phys.Rev. C57 1879 (1998) P.Levai and U.W.Heinz 
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 Try1 : Moment sum rule (SVZ/RRY) 
 Try2 : Perturbed Borel sum rule(Bertlmann) for simple calculation 

 Try3 : Borel sum rule 
 
 
 
 
 

1S0 ηc 𝑗𝑗𝑃𝑃 = 𝑐𝑐̅𝑖𝑖𝛾𝛾5𝑐𝑐 2980.3±1.2 MeV 

3S1 J/ψ 𝑗𝑗𝑉𝑉 = 𝑐𝑐̅𝛾𝛾𝜇𝜇𝑐𝑐 3096.916±0.011 MeV 

3P0 χc0 𝑗𝑗𝑆𝑆 = 𝑐𝑐̅𝑐𝑐 3414.75±0.31 MeV 

3P1 χc1 𝑗𝑗𝐴𝐴 = 𝑐𝑐̅(𝑞𝑞𝜇𝜇𝑞𝑞𝜈𝜈/𝑞𝑞2 − 𝑔𝑔𝜇𝜇𝜈𝜈)𝛾𝛾𝜈𝜈𝛾𝛾5𝑐𝑐 3510.66±0.07 MeV 
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Dim6 Twist operators’ Wilson coefficients 



 
 

 
 
 
 
 

 

*****  Phys.Rept. 127 (1985) Reinders, Rubinstein, Yazaki 

 Moments 𝑴𝑴𝒏𝒏(𝑸𝑸𝟐𝟐) 
To pick out the lowest lying resonance, we define moments 𝑀𝑀𝑛𝑛. 

 
 
 
 
 

 Parameters**** 
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ηc (P) 2.98 GeV 

J/ψ (V) 3.09 GeV 

χc0 (S) 3.41 GeV 

χc1 (A) 3.51 GeV 
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At low n, the whole spectrum(res+cont) contributes and 
condensate corrections are too small. 
At large n, the ground state dominant but condensate 
correction become very large. 

 𝑛𝑛𝑚𝑚𝑚𝑚𝑛𝑛 : 
 

 
 

 𝑛𝑛𝑚𝑚𝑎𝑎𝑎𝑎 : 
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𝐧𝐧𝐦𝐦𝐦𝐦𝐦𝐦 𝐧𝐧𝐦𝐦𝐦𝐦𝐦𝐦 

𝐧𝐧𝐦𝐦𝐦𝐦𝐦𝐦 𝐧𝐧𝐦𝐦𝐦𝐦𝐦𝐦 

ηc (P) 2.98 GeV 

J/ψ (V) 3.09 GeV 

χc0 (S) 3.41 GeV 

χc1 (A) 3.51 GeV 
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Psuedo Vector Scalar Axial 

dim4 1.03 Tc 1.04 Tc 1.04 Tc 1.04 Tc 

dim6 1.03 Tc 1.05 Tc 1.04 Tc 1.04 Tc 



 
 

 
 
 
 
 

 

 Exponential Moments 𝑴𝑴(𝝈𝝈) (Borel transformed moments) 
 

 
 

 
 
 Advantages of Borel sum rule 
OPE side : convergence of the OPE  
Phenomenological side : lowest resonance’s contribution 
 parameters 
For both S and P states, we use same parameters and less than Moment SR. 
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ηc (P) 2.98 GeV 

J/ψ (V) 3.09 GeV 

χc0 (S) 3.41 GeV 

χc1 (A) 3.51 GeV 
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ηc (P) 2.98 GeV 

J/ψ (V) 3.09 GeV 

χc0 (S) 3.41 GeV 

χc1 (A) 3.51 GeV 

20 

Psuedo Vector Scalar Axial 

𝑚𝑚0.8𝑇𝑇𝑐𝑐 3.0 GeV 3.08 GeV 3.39 GeV 3.50 GeV 



ηc (P) 2.98 GeV 

J/ψ (V) 3.09 GeV 

χc0 (S) 3.41 GeV 

χc1 (A) 3.51 GeV 
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𝝈𝝈𝐦𝐦𝐦𝐦𝐦𝐦 𝝈𝝈𝐦𝐦𝐦𝐦𝐦𝐦 

𝝈𝝈𝐦𝐦𝐦𝐦𝐦𝐦 𝝈𝝈𝐦𝐦𝐦𝐦𝐦𝐦 

Psuedo Vector Scalar Axial 

dim6 1.04 Tc 1.05 Tc 1.04 Tc 1.04 Tc 



 We calculated and completed OPE for heavy quark S, P, V, and A 
currents upto dimension 6 with nonzero spin operators. 

 
 We estimate temperature dependence of dimension 6 gluon 

condensates based on the temperature dependence of dimension 4 E 
and B condensates extracted from lattice gauge theory. 
 

 We improved the previous QCD sumrules for charmonium near Tc 
based on dimension 4 operators, by including contribution of  
dimension 6 operators. 
 

 All sum rule method well describe mass of charmonium at vacuum. 
 

 Moment sumrule improved vector current’s stability upto 1.05 Tc but 
pseudo scalar current looks too unstable in this sum rule. 
 

 Perturbed borel sumrule is not good to investigate T dependence. 
 

 We found an enhanced stability from Borel sumrule at T=1.05Tc for the 
vector current and T=1.04Tc for others. We could not find remarkable 
difference between S and P states. 
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Thank you for your listening!! 
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