
Ab Initio Calulation of Finite Temperature

Charmonium Potentials

P. Wynne M. Evans

Swansea University

with Chris Allton and Jon-Ivar Skullerud

arXiV:1303.5331

ECT*

April 4, 2013



Motivation Finite Temperature Time-Dependent Approah S-Waves Simulation Details Results

QCD Phase Diagram
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Quarkonia Suppression - Color-Debye Sreening

At large olor harge density, inter-quark potential is

modi�ed.
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Υ Suppression at the LHC

Proton-Proton Lead-Lead

CMS Collaboration 2012
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Lattie QCD Approah

〈O〉 =
1

Z

∫

D[ψ, ψ̄, A]e−SQCD [ψ,ψ̄,A]O[ψ, ψ̄, A],
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N
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Finite Temperature

Compare the partition funtion of statistial mehanis,

Z =
∑

s

e−βEs ,

with that of LQCD in a suggestive form,

Z =
∑

j

e−NτaτEj ,

to relate T to Nτ ,

Nτaτ ∝
1

T
.
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Loal-Extended Meson Correlators
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De�ne general harmonium interpolator,

JΓ(x; r) = c̄(x)ΓU(x, x+ r)c(x+ r)

then orrelation funtions an be written,

CΓ(r, τ) =
∑

x

〈JΓ(x, τ ; r)J
†
Γ(0;0)〉

=
∑

j

ψ∗
j (0)ψj(r)

2Ej

(

e−Ejτ + e−Ej(Nτ−τ)
)
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Time-Dependent Potential

HALQCD Collaboration 2012

Consider only forward moving ontribution of CΓ(r, τ),

CΓ(r, τ) =
∑

j

ψ∗
j (0)ψj(r)

2Ej
e−Ejτ

=
∑

j

Ψj(r)e
−Ejτ

Di�erentiate w.r.t. τ ,

∂

∂τ
CΓ(r, τ) = −

∑

j

EjΨj(r)e
−Ejτ

Now onsider Shrödinger equation for Ψj(r),
(

−
∇2

2µ
+ VΓ(r)

)

Ψj(r) = EjΨj(r)
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∂

∂τ
CΓ(r, τ) =

∑

j

(
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2µ
− VΓ(r)

)

Ψj(r)e
−Ejτ

=

(

∇2

2µ
− VΓ(r)

)

∑

j

Ψj(r)e
−Ejτ

=

(

∇2

2µ
− VΓ(r)

)

C(r, τ)

=⇒ VΓ(r) =

(

∇2CΓ(r, τ)

2µ
−
∂CΓ(r, τ)

∂τ

)

1
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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 pseudosalar and vetor respetively.

Hene,

VC(r) =
1

4
VPS(r) +

3

4
VV (r)

and

VS(r) = VV (r)− VPS(r)
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Simulation Details

Ns Nτ T (MeV) T/Tc Ncfg

12 80 90 0.42 250

12 32 230 1.05 1000

12 28 263 1.20 1000

12 24 306 1.40 500

12 20 368 1.68 1000

Ensembles

Two-Plaquette Symanzik gauge ation, Nf = 2 dynamial sea quarks,

Hamber-Wu fermion ation with stout-link smearing,

Anistropi lattie spaing: as/aτ = 6.

Measurement

Wilson Clover ation,

Pseudosalar e�etive mass tuned to experimental ηc mass,

Gaussian smear soures.

Chroma: Edwards and Joó
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Results
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Conlusion

Time-dependent method produes sensible inter-quark potential.

Temperature dependene of potential is onsistent with

deon�nement.

Rough agreement with previous studies, but boldy onlude

disrepanies are to be expeted sine this is the �rst dynamial,

�nite temperature study of the harmonium potential.

Coming soon... harmonium potential from 2+1 �avour,

Ns = 323 on�gurations, at all possible values of r, not just
on-axes values.
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