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Dynamical: real-time approach to equilibrium

redistribution of states over time?

LATTICE QCD based potential description 
Y. Burnier, O. Kaczmarek,  A. R.: Phys. Rev. Lett. 114, 082001 (2015) 
A. R., T. Hatsuda, S. Sasaki:          Phys.Rev.Lett. 108 162001  (2012) 
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  required	
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BELLE , PRL 109, 232002 (2012) 
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(Pseudo)cri4cal	
  temperature:	
  154±9	
  MeV	
  

Successful at T>0: QCD medium properties
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for	
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  direct	
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  et.	
  al.	
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  (2012)	
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IN-MEDIUM HEAVY QUARKONIUM FROM LATTICE QCD SPECTRAL FUNCTIONS 

T>0 QCD with Nf=2+1 HISQ flavors!

Light	
  d.o.f.	
  (gluons,	
  u	
  d	
  s	
  quarks)	
  represented	
  by	
  realis4c	
  HotQCD	
  laJces	
  
A.	
  Bazavov	
  et.	
  al.,	
  Phys. Rev. D 85 (2012) 054503	
  

HotQCD HISQ/tree action 483 ⇥N⌧ mu,d/ms = 0.05 TC = 154(9)MeV
� 6.664 6.700 6.740 6.770 6.800 6.840 6.880

a[fm] 0.1169 0.1130 0.1087 0.1057 0.1027 0.09893 0.09528
Mba 2.759 2.667 2.566 2.495 2.424 2.335 2.249

T/TC(N⌧ = 12) 0.911 0.944 0.980 1.008 1.038 1.078 1.119
� 6.910 6.950 6.990 7.030 7.100 7.150 7.280

a[fm] 0.09264 0.08925 0.086 0.08288 0.07772 0.07426 0.06603
Mba 2.187 2.107 2.030 1.956 1.835 1.753 1.559

T/TC(N⌧ = 12) 1.151 1.194 1.240 1.286 1.371 1.436 1.614
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Give meaning to problem by incorporating prior knowledge: Bayesian approach 
M.	
  Jarrell,	
  J.	
  Guberna]s,	
  Physics	
  Reports	
  269	
  (3)	
  (1996)	
  

Bayes theorem: Regularize the naïve χ2 functional P[D|ρ] through a prior P[ρ|I] 

P[⇢|D, I] / P[D|⇢] P[⇢|I]
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Reconstruction Accuracy: S-wave !
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Spectral Functions At T>0!
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P-wave survival at T=249MeV!

Our strategy: systematic comparison to non-interacting spectra!
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IN-MEDIUM HEAVY QUARKONIUM FROM LATTICE QCD SPECTRAL FUNCTIONS 

P-wave survival at T=249MeV!

Our strategy: systematic comparison to non-interacting spectra!
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P-wave survival at T=249MeV!

Our strategy: systematic comparison to non-interacting spectra!
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Expectation: Presence of wiggly features due to numerical Gibbs ringing 

Numerically:	
  Reconstruct	
  from	
  free	
  NRQCD	
  (Uμ=1)	
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At T=249 MeV: Ground state peak stronger than numerical ringing by factor 3 
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In-medium QQ part II!

QQbar as Open-Quantum System

LATTICE QCD based potential description 

CONCEPTUAL	
  CHALLENGE:	
  How	
  to	
  define	
  
	
  

the	
  poten4al	
  at	
  finite	
  temperature?	
  

Y. Burnier, O. Kaczmarek,  A. R.: Phys. Rev. Lett. 114, 082001 (2015) 
A. R., T. Hatsuda, S. Sasaki:         Phys. Rev. Lett. 108, 162001 (2012) 
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Defining the heavy quark potential!
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On	
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  laJce	
  real-­‐4me	
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  not	
  directly	
  accessible!	
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technical	
  details:	
  Y.Burnier,	
  A.R.	
  Phys.Rev.	
  D86	
  (2012)	
  051503	
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Summary: VQCD from the lattice !
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From	
  laJce	
  QCD	
  correlators	
  to	
  the	
  complex	
  heavy	
  quark	
  poten4al	
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  ω) log[W(R,	
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Peak Fit R0 
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R0 
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R0 R1 R2 

Re[VQCD(R)] 

Im[VQCD(R)] 

Technical	
  detail:	
  	
  Wilson	
  Line	
  correlators	
  in	
  Coulomb	
  gauge	
  instead	
  of	
  Wilson	
  loops	
  	
  
	
  

Prac4cal	
  reason:	
  	
  Absence	
  of	
  cusp	
  divergences,	
  hence less suppression along τ
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VQCD in quenched lattice QCD!
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Re[VQCD]: smooth transition from confining to Debye screened behavior	
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Re[VQCD]: smooth transition from confining to Debye screened behavior	
  
First principles check: Color singlet free energies lie close to Re[VQCD] 	
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Re[VQCD] in full lattice QCD!

Qualitatively similar to quenched case (confinement to Debye screening)
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Conclusions !

New	
  Bayesian	
  spectral	
  reconstruc4on	
  improves	
  their	
  laJce	
  QCD	
  determina4on	
  

Effec4ve	
  field	
  theory	
  based	
  poten4al	
  for	
  sta4c	
  quarks	
  from	
  T>0	
  QCD	
  

New	
  Bayesian	
  method	
  makes	
  quan4ta4ve	
  evalua4on	
  on	
  the	
  laJce	
  possible:	
  
	
  

Re[V]	
  smooth	
  transi4on:	
  confining	
  to	
  Debye	
  screening,	
  Im[V]	
  of	
  same	
  order	
  than	
  HTL	
  

QCD	
  Spectral	
  func4ons	
  provide	
  mul4ple	
  windows	
  to	
  in-­‐medium	
  QQ	
  physics	
  

Bo{omonium	
  in	
  a	
  realis4c	
  thermal	
  medium	
  (HISQ	
  -­‐	
  HotQCD)	
  

A	
  systema4c	
  comparison	
  between	
  free	
  and	
  interac4ng	
  spectra	
  suggests:	
  	
  
	
  	
  S-­‐wave	
  and	
  P-­‐wave	
  ground	
  state	
  survive	
  up	
  to	
  at	
  least	
  T=249MeV	
  

No	
  more	
  need	
  for	
  modeling:	
  QCD	
  derived	
  complex	
  poten4al	
  available	
  

Nτ=12	
  laJces	
  give	
  upper	
  limits	
  on	
  in-­‐medium	
  modifica4on	
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