
Ab Initio Cal
ulation of Finite Temperature

Charmonium Potentials

P. Wynne M. Evans

1
,

Chris Allton

1
, Pietro Giudi
e

1,2
and Jon-Ivar Skullerud

3

1
Swansea University

2
Münster University

3
University of Maynooth

Progress made on arXiv:1303.5331

August 2, 2013

Latti
e XXXI Mainz



J/ψ Suppression

At large 
olor 
harge density, inter-quark potential is

modi�ed.
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Lo
al-Extended Charmonium Correlators
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De�ne general 
harmonium interpolator,

JΓ(x; r) = c̄(x)ΓU(x, x+ r)c(x+ r)

then 
orrelation fun
tions 
an be written,
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Convolving Propagators (in Coulomb Gauge)
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HAL QCD Approa
h

HAL QCD Collaboration 2012

Consider only forward moving 
ontribution of CΓ(r, τ),
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Di�erentiate w.r.t. τ ,
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S -Waves

The S-wave potential 
an be expressed as:

VΓ(r) = VC(r) + s1 · s2VS(r).

s1 · s2 = −3/4, 1/4 for the pseudos
alar and ve
tor respe
tively.

Hen
e,

VC(r) =
1

4
VPS(r) +

3

4
VV (r)

and

VS(r) = VV (r)− VPS(r)



Simulation Details

Ns Nτ T (MeV) T/Tc Ncfg

24 40 140 0.76 500

24 36 156 0.84 500

24 32 175 0.95 1000

24 28 201 1.08 1000

24 24 232 1.26 1000

Ensembles

Two-Plaquette Symanzik gauge a
tion, Nf = 2 + 1 dynami
al sea quarks,

Anisotropi
 Clover fermion a
tion with stout-link smearing,

Anistropy: as/aτ = 3.5.

Measurement

Anisotropi
 Clover fermion a
tion for stout-link smearing,

Pseudos
alar e�e
tive mass tuned to experimental ηc mass,

Gaussian-smeared sour
es.

QDP++/Chroma: Edwards and Joó



Results
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Charmonium Time Sli
e Potentials
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Spin-Independent Charmonium Time Sli
e Potentials
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O. Ka
zmarek, F. Zantow, Phys. Rev. D71, 114510 (2005)

Y. Burnier, A. Rothkopf, Phys. Rev. D86, 051503 (2012)
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Con
lusions

A temperature dependen
e 
onsistent with de
on�nement is

observed with the HAL QCD approa
h

To investigate the highest temperatures require 
on�gurations

with many points in temporal dimension

Next step is to 
al
ulate Sommer's rI to obtain potential at

more values of r


