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QQbar potential and the Wilson loop  
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EffecMve	  field	  theory	  guides	  us	  to	  define:	  	   lim
t!1

i@tW⇤(R, t)

W⇤(R, t)
= V0(R)

Make	  real-‐Mme	  dependence	  of	  the	  Wilson	  loop	  explicit	  

W⇤(R, t) =
Z1

-1
d! e-i!t ⇢⇤(R,!) W⇤(R, ⌧) =

Z1

-1
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V0(R) = lim
t!1

R1
-1 d!! e-i!t ⇢⇤(R,!)
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A.R.,	  T.Hatsuda	  &	  S.Sasaki	  	  
PRL	  108	  (2012)	  162001	  	  

Bayesian spectral 
analysis (e.g. MEM) 

W⇤(R, ⌧) =
Z1

-1
d! e-!⌧ ⇢⇤(R,!)

How	  to	  efficiently	  extract	  the	  values	  of	  the	  potenMal	  from	  spectral	  informaMon	  

Only	  need	  the	  lowest	  lying	  spectral	  features	  since	  t-‐>∞	  limit	  

Goal:	  replace	  discrete	  Fourier	  transform	  by	  spectral	  fiYng	  +	  analyMc	  FT	  



Real and Imaginary part from the spectrum 
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Wilson	  Loop	  is	  a	  QCD	  quanMty,	  contains	  all	  scales	  (i.e.	  also	  non-‐potenMal	  physics)	  

Fourier	  transform	  from	  W☐(R,t)	  to	  ρ☐	  (R,ω)	  mixes	  Mme	  scales	  even	  at	  small	  ω:	  

�(R, t) = V(R) + �(R, t)

lim
t!1

�(R, t) = 0

V0(R) = lim
t!1

R1
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= Re[V ](R)- i|Im[V ](R)|

Remnants	  of	  early	  Mme	  physics	  σ∞	  induce	  skewing	  and	  a	  smooth	  background	  

�1(R) =

Z1

0

�(R, t)dt

⇢⇤(R,!) =
1

⇡
eIm[�1](R) |Im[V ](R)|cos[Re[�1](R)]- (Re[V ](R)-!)sin[Re[�1](R)]

Im[V ](R)2 + (Re[V ](R)-!)2

+ 0(R) + 1(R)(Re[V ](R)-!) + 2(R)(Re[V ](R)-!)2 + · · ·

i@tW⇤(R, t) = �(R, t)W⇤(R, t)

Y.	  Burnier,	  A.R.	  	  Phys.Rev.	  D86	  (2012)	  051503	  	  



The strategy for an extraction of V(R) 
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HTL benchmark of the extraction strategy 
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1st	  test:	  	  Extract	  the	  known	  HTL	  potenMal	  from	  HTL	  Wilson	  loop	  spectra	  
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HTL	  Wilson	  loop	  spectrum	  (cutoff	  Λ=5πGeV)	  

Simple	  Lorentzian	  (L)	  overeMmates	  true	  values	  

Skewed	  Lorentzian	  &	  background	  (LSC2)	  spot	  on	  	  
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Y.	  Burnier,	  A.R.	  	  
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Reconstructing ρ(ω) from HTL correlators 

April 23rd, 2013 

NON-PERTURBATIVE DETERMINATION OF THE HEAVY QUARK POTENTIAL AT T>0 

2nd	  test:	  	  Reconstruct	  HTL	  spectra	  from	  the	  Euclidean	  Mme	  HTL	  Wilson	  loop	  

Extremely	  challenging	  with	  standard	  MEM	  

Improved	  Bayesian	  spectral	  analysis	  with	  full	  search	  space	  is	  promising	  

Based	  on	  Nτ=32	  unperturbed	  data	  points	  with	  arMficial	  error	  bars	  (best	  case)	  	  
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Y.	  Burnier,	  A.R.	  In	  prepara\on	  



Reanalysis of quenched lattice data 
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Use	  the	  Nτ=32	  laYce	  data	  Nx=20	  β=7.0	  ξr=4.0	  at	  T=2.33TC	  
Most	  humble	  use	  of	  prior	  funcMon	  m(ω)=const	  	  (W☐(0,R)=1	  fixes	  area	  to	  unity)	  
Require	  the	  LBFGS	  minimizer	  to	  find	  an	  extremum	  up	  to	  tolerance	  Δ=10-‐30	  

A	  large	  frequency	  interval	  is	  chosen	  Iω=[-‐12:14]	  βN=20	  	  Nω=800	  	  	  	  
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Ar\ficial	  rise	  from	  	  
simple	  Loren\an	  fit	  
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Results	  appear	  to	  lie	  closer	  to	  the	  HTL	  result,	  compared	  to	  previous	  studies	  
Debye	  screening	  seems	  to	  be	  visible	  already	  at	  r	  >	  0.3	  fm	  

LaYce	  Im[V]	  is	  of	  comparable	  size	  to	  HTL	  imaginary	  part	  for	  small	  r	  

ΔD=const	  on	  the	  lafce	  
means	  ΔD/D	  degrades	  
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Conclusion & Outlook 
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EffecMve	  Field	  theory	  allows	  deriva\on	  of	  the	  complex	  heavy	  quark	  potenMal	  

Late	  real-‐Mme	  limit	  of	  Wilson	  loop	  encodes	  potenMal	  physics	  

Spectral	  decomposi\on	  allows	  connecMon	  to	  Euclidean	  Mme	  domain	  

Caveat:	  coupling	  of	  Mme-‐scales	  leads	  to	  non-‐trivial	  spectral	  structure:	  skewing	  

An	  HTL	  benchmark	  of	  the	  peak	  fiYng	  procedure	  confirms	  effecMveness	  

Numerical	  challenge:	  ReconstrucMng	  the	  spectra	  from	  imaginary	  Mme	  Wilson	  loops	  

We	  can	  extract	  Re[V]	  and	  Im[V]	  from	  lowest	  lying	  peak	  posiMon	  and	  width	  

Standard	  MEM	  with	  extended	  search	  space	  suffers	  from	  broad	  spectral	  features	  

Work	  in	  progress:	  Improving	  the	  Bayesian	  spectral	  analysis	  with	  full	  search	  space	  

多谢你的关注	�



Matching	  based	  on	  real-‐Mme	  quarkonium	  forward	  correlator	  D>	  
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Underlying goal: reduce complexity 

April 23rd, 2013 

NON-PERTURBATIVE DETERMINATION OF THE HEAVY QUARK POTENTIAL AT T>0 

EffecMve	  field	  theory:	  SystemaMc	  expansion	  in	  mQ
-‐1	  

RelaMvisMc	  thermal	  
field	  theory	  

Quantum	  	  
mechanics	  
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QCD	  
Dirac	  fields	  

NRQCD	  
Pauli	  fields	  

SeparaMon	  of	  scales:	  
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QM	  path	  integrals	  
Heavy	  quark	  propagators	  
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Improved fits on previous MEM spectra 
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New	  fits	  on	  previous	  Maximum	  Entropy	  Method	  spectra	  yield:	  

Unphysical	  rise	  in	  the	  real	  part	  is	  significantly	  reduced	  

Imaginary	  part	  does	  not	  see	  a	  large	  change,	  sMll	  of	  same	  order	  as	  the	  real	  part	  

This	  result	  is	  sMll	  not	  saMsfactory.	  	  Can	  we	  test	  the	  approach	  more	  thoroughly?	  

 0

 1

 2

 3

 4

 5

 6

 7

 0  0.1  0.2  0.3  0.4  0.5  0.6

Im
[V

!
](

r)
 [

G
e

V
]

r[fm]

Im[VL](r)

Im[VSQL](r)

Im[Vβ=7
SQL](r)

 0

 1

 2

 3

 4

 5

 6

 7

 0  0.1  0.2  0.3  0.4  0.5  0.6

R
e

[V
!

](
r)

 [
G

e
V

]

r[fm]

Re[VL](r)

Re[VSQL](r)

Re[Vβ=7
SQL](r)

F1
0.78TC

(r) F1
2.33TC

(r)

Y.	  Burnier,	  A.R.	  	  
Phys.Rev.	  D86	  (2012)	  051503	  	  


