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• Euclidean correlators, spectral functions and Maximum Entropy Method 

• Quarkkonium correlators an spectral functions in lattice QCD and

potential models

• Light meson correlators and spectral functions 
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Meson correlators and spectral functions

µµ γγγγ ⋅=Γ 5,,5,1H

)(),( ττ iDTG −= >

Imaginary time      Real time   

∫
∞ −

=
0 ))2/(sinh(

))2/(1(cosh(
),(),(

T

T
TdTG

ω

τω
ωωστ

)()(Im
1

2

)()(
ωσω

ππ

ωω
==

− <>

RD
DD

Spectral ( dynamic structure ) function Example : virtual photon

quenched approximation

is used !

What are the excitations (dof) of the system ?



Reconstruction of the spectral functions : MEM 

data  and                   degrees of freedom to reconstruct

Bayesian techniques: find                 which maximizes   

data
Prior knowledge

Maximum Entropy Method  (MEM)

Asakawa, Hatsuda, Nakahara, PRD 60 (99) 091503, Prog. Part. Nucl. Phys. 46 (01) 459

Likelihood function Shannon-Janes entropy:

- default model -perturbation theory



Charmonia spectral functions at T=0  

Jakovác, P.P.,  Petrov, Velytsky, PRD 75 (07) 014506

For                          the spectral function is sensitive to lattice cut-off ;

Strong default model dependence in the continuum region



Quarkonium spectral functions at T>0 

E.g. free theory : 

P.P., Teaney, PRD 73 (2006) 014508

see also Aarts, Martinez-Resco

interactions : 

quark number susceptibility

+



Temperature dependence of quarkonium

Datta, Karsch, P.P , Wetzorke, PRD 69 (2004) 094507

study the T-dependence of : 



Charmonia spectral functions in PS channel at T>0  

ground state peak is shifted, excited

states are not resolved when 

become small 

no temperature dependence in the

PS spectral functions within errors

Jakovác, P.P.,  Petrov, Velytsky, PRD 75 (07) 014506



Charmonia spectral functions at T>0 (cont’d) 



Screening of static color charges in  QCD

preliminary 

preliminary 



Can 1S charmonia state survive deconfinement ?

•resonance-like structures disappear already by 1.2Tc 

•strong threshold enhancement 

•contradicts lattice results ?   

•resonance-like structures disappear already by 1.2Tc 

•strong threshold enhancement 

•contradicts lattice results ?   

�higher excited states gone

�continuum shifted

�1S becomes a threshold 
enhancement

ηc

What about color screening ? )'(),',()(
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No !

Mócsy, P.P, PRD 77 (2008) 014501 

PRL 99 (2007) 211602

similar  conclusions:

Burnier, Laine, Vepsalainen

JHEP 0801 (2008) 04,

Laine et al, 

JHEP 0703 (2007) 054



Temperature dependence of quarkonium

In agreement with potential models  Mócsy, P.P, PRD 77 (2008) 014501

zero mode contribution is not present in the time derivative of the correlator
Umeda, PRD 75 (2007) 094502



Temperature dependence of quarkonium

In agreement with potential models  Mócsy, P.P, PRD 77 (2008) 014501

zero mode contribution is not present in the time derivative of the correlator
Umeda, PRD 75 (2007) 094502



Quarkonium correlators in Euclidean time



Estimating the zero mode contribution

vector axial-vector



Temporal component of the vector correlator



Temporal component of the vector correlator



Zero mode contribution in the vector and axial-vector correlator



Vector correlators in the light quark sector

constraints on the spectral functions at small energies 

Lattice spacing dependence is small !



Pseudo-scalar correlators in the light quark sector

constraints on the spectral functions at small energies 

Lattice spacing dependence is small !



Spectral function and thermal dilepton rate 

suppression of low mass dileptons

in sharp contradiction with perturbative expectations 
Braaten, Pisarski, Yuan, PRL 64 (90) 2242

Moore, Robert, hep-ph/0607172

Karsch, Laermann, Petreczky, 

Stickan, Wetzorke, PLB 530 (02) 147



Conclusions 

• Euclidean correlators contain information about  different parts of the spectral 

functions but it is very difficult to resolve the details with MEM

• Broadening-melting of heavy quark bound states is not reflected in large

change in the Euclidean correlators, lattice data are consistent with

potential model predictions ( melting of quarkonia states )

• The zero mode contribution can be identified in the lattice correlators and

is the dominant source of the T-dependence of the Euclidean correlators

• The zero mode contribution depends on the effective mass of the heavy

quarks in units of the  temperature and is well described by the free gas limit

• In the light quark sector the vector correlation functions are close to the free

case, while the vector correlation functions shows significant deviation from

the free case

• The vector spectral functions extracted from MEM show significant suppression 

compared to the free spectral functions (problems with MEM ? strong residual

interactions between quarks ? )



Back-up slide

 2.4

 2.6

 2.8

 3

 3.2

 3.4

 3.6

 3.8

 4

 4.2

 4.4

 4.6

 0  0.2  0.4  0.6  0.8  1  1.2  1.4  1.6  1.8  2

F(r,T)/T

rT

T/Tc=2.68

PLC Singlet  
PLC Average

CWL sm=0
CWL sm=2
CWL sm=4



Bottomonium correlators

Jakovác, P.P.,  Petrov, Velytsky, PRD 75 (07) 014506


