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• Deconfinement and properties of QGP: lattice QCD vs. weak coupling

• Lattice determination of heavy quark diffusion in quenched approximation:
a) electric field correlator method
b) comments current-current correlators

• Charm correlations and fluctuations and charmed hadrons above Tc

• Summary



Current-current correlators and heavy quark diffusion 
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Spatial diffusion constant ~ mean free path (weak coupling)
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For large quark mass the transport peak is very narrow even for strong coupling and its
difficult to reconstruct it accurately from Euclidean correlator calculated on the lattice 
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heavy quark  coefficient ~ width of the peak



Current-current correlators in the heavy quark limit 
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Calculating the electric field strength correlator on the lattice   
Straightforward to discretize by
deforming the path of the Wilson
lines to spatial direction

Challenge : MC noise

multilevel algorithm + link integration (only works for pure glue theory) 
Luscher, Weisz, JHEP 0109 (2010), 010;  First lattice calculation by Banerjee et al, PRD 85 (2012) 014510 

100 150 200
configuration

-40

-20

0

20

40

a4  G
la

t

standard
link
multi
multi + link

T = 2.25 Tc, ` = 7.457, 643 x 24

o T = 0.5

Francis, Kaczmarek, Laine, et al,  arXiv:1109.3941, arXiv:1311.3759,  PRD 92 (2015) 116003
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Extracting the spectral function and the diffusion constant   
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Fit the lattice using a forms of the spectral function constrained by low and high energy
asymptotic behavior + corrections
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Comparison with other lattice approaches   

Determination from vector 
charmonium correlators 
Ding et al, PRD 86 (2012) 014509

The width of the transport peak is dominated by
Systematic effects, it too broad because of limited 
resolution => D is too small

Electric correlator metho with 
multi-level algorigthm but no
continuum limit

Banerjee et al, PRD 85 (2012) 014510 

D is slightly smaller than the
pQCD result



New lattice results in large T  window   

Brambilla, Leino, PP, Vairo, arXiv:1912.00689
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Infinite volume and continuum extrapolations

Brambilla, Leino, PP, Vairo, arXiv:1912.00689
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Temperature dependence of the electric correlator  

Brambilla, Leino, PP, Vairo, arXiv:1912.00689
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Fitting the electric correlator  

Brambilla, Leino, PP, Vairo, arXiv:1912.00689
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Preliminary estimates:



Summary   

• Heavy quark diffusion  coefficient can be determined in quenched approximation

• The T-dependence of the momentum heavy quark diffusion coefficient is

• The NLO correction to the heavy quark diffusion coefficient is large but the 
lattice results re not incompatible with the NLO perturbative result
at high T

• It is not known how to do the calculations of heavy quark diffusion coefficient
in QCD with dynamical quarks



Back-up:

From Kaczmarek


