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m > T : non-relativistic description using a static potential
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1 x — . :
V(R) =" —%mg [I.‘VL(T, R)] =58 [<L(R)L' (0))] QQ is transient state
We propose a GAUGE-INVARIANT and NON-PERTURBATIVE definition
of the proper potential based on the spectral function
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Outline

= Motivation: Heavy Quark Potential

= Proper Potential from the Wilson Loop

= |dea and formulation

First numerical results for Re[V(R,T)]

= Conclusion and Outlook
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Formulation

Starting point is the QQbar correlator and its spectral function:

QQbar mesic operator: ]W(:L“, y) — I,/_)(ZE) I U(ZU, y)q’)(y)
QQbar forward correlator: D~ (t,R) = (]\,{R(t)]\.-f;fz(O))

Spectral function at finite T:

o, B) = - 3 [(nM(O) )2 (75 — 05 )§(Br — By — )

n,n’ Antisymmetry

In the spectral function we find three mutually exclusive cases:

= Case | = Case |l = Case lll
. . . . / . . !/
Pure medium in ‘ﬂ) Pure medium in In’) Q or Qbar +mediumin |1)
QQbar + medium in |n') QQbar + medium in |1) Qbar or Q +medium in |72
\ redundant No interaction: irrelevant
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Formulation Il

Preparations for a consistent m — oo limit: frequency shift

Non-interacting case, two delta peaks /\

Retain positive w peak: case | \/

w=w—2m

Physics of the interaction lies in the relative position of the peak to W=0

pI(G),R) = ZL() Z |(r1|A[(0)|QQ = ,nl> 25(5) L (Fn/(R) o En))(i_ﬁE"‘

n,n’

Finite Temperature effects from sum over n: | €p/(R) = Ens(R) — 2m | is Tindependent

Heavy mass limit: retarded and forward correlator are equal

D;(t) — / e—ithi (w) — / e—-iwtpl (w) — e—2z’mt/ e—z'u_)tpl(u—))

—00 —00 —00
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The Schrodinger Equation

> Non int ti :
iatDi(t) _ e—ZLm.t/ do (Qm n @) —iot )T () onlln_erac m_g case
—00 p (@) x (@)
o0
— 2m.D;(t) + e‘gi”"t/ dw (@)e—i@tp"(@) 'z'(')tDi(t) = QmD;(t)
— o0

® In afinite volume all energies are discrete but their envelope can exhibit broad peaks

p(@, R)

,Ground state potential“: lowest lying peak structure

Go = ImVO(R’ T) = Validity of Schrédinger description can be checked:

) / do (@) et p! (@, ) & V(R)/ de™ ' p! (&, R)
W — 00 —00
>

4 W, = ReVO(R, T) In the high T region e.g. a Breit Wigner shape

i0y DL (t) = [Qm + ReVo(R,T) — ilmVo(R, T)] DL (t) \

Note: There is no Schrodinger equation for the full D*(t)

D>(t) = e—'éwot o eiwot =) 10fD>( ) — w()[ zwut.();w“f]
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Connection to Lattice QCD

Analytic continuation gives:
.00 Cannot yet take the heavy mass limit
I —2 — —or I/~
D> (T’ R) :/ dw e wT'D (wa R) What form does D', have?
J =00

Finding an expression for D_(T):

(MR(r)MB(0)) = — 3 (nle™ (e, 0)d (e, )T U- (&, ey, 1)y, OYUo (5. Z)T|n)

n

Sp(2,2') = (Tr (2 1) 7)) BLID" (—inyD, + m)Sp(r,7) = 6(r — ')
Additionally: boundary conditions in t direction

In the heavy mass limit: only Wilson lines remain for D*(t)

Loop Staple Handles
B B B B
> ) SN | SN —1
%+ E—2m1‘+ T x 6—2"1,[,.'3—7'] T E—?Hﬁ +'[ * ~ E—ﬂlﬁ T
* . - ¢
¥ L 4 . . 1
O# O T T O T T 0 T T
R R R R
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Exploring the Proper Potential

Combining both spectral function and the imaginary time correlator:

D100P T’R i > - _—TWw _loop /-
BT |- [ e

o— } — 00
N7 | R )
Lattice QCD MEM / Exponential Fitting
Reconstruct spectral function for different R: map the shape of the potential:
A A
P p
: > >
w 7’\ w
7N ™ 77,_\,_ | WZAN
A/T <T. VolR) / . \\ T ITe
R R Vo(R)
[o—e, A\e, e, ..
n‘=0 n‘=1 n'=2

|
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Simulation Details:

Anisotropic Lattices Pure SU(3): Heatbath algorithm,

Since T direction is compact: need to increase # of points naive Wilson action

= Renormalized anisotropy needs to be determined: NX=20 NT=32  T=2.33T
: . . NT=96 T=0.78T,
compare spatial and temporal Wilson Loop ratios

B=7.0 §=3.5 a=Y4a_ =0.01fm
= How to determine the physical scale

Sommer Scale, relies on the Free-Energies “Potential”: = 1.65 ro = 0.5fm

Using rho-mesons operator: compare mass to the chiral limit value  Asakawa, Hatsuda, PRL92, 2004

Fixed scale vs. Fixed size Lattice QCD e —— o
"= 232 [MeV| —— o
3| $:=;7‘;:\Iu\| o &l*(}} 8
Change NT instead of a, : T=1/(NTxa_) B e & b i =
> T=696 [MeV] ~—a— 3% 4
Renormalization parameter same for all T § ém !EHI —— =
L £
M LITTTT I I=0C 1 1T T T T 1 o 2
' g

AN LI T 11 et L 11 1 111 "o 02 o4 06 03 l

#[fim]
small R physics is T independent
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Extracting Re[V(R)]

Exponential fitting analysis:

Identify the range that corresponds to the QQ interaction and use a delta peak ansatz

p(w, Ry) = Cod(w —wo) ==> X2fitting

™
™m Log[W(T,R,)] s
A
overall
L 1| > constant <: £
> R g
R
Spatial Wilson line
. . . . A
interaction: ~ linear in R .
N <
-1 > | [ BN
T
™ ™\ R
. o E { OO0 Finite temperature
Pqtentlal contribution & | et offect: ~ linearin R
R independent self-energy R -
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Simulation results at T=0.78T_
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Simulation results at T=0.78T_
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I'R=6 s .R=12 Al ] ]
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Simulation results at T=2.33T_
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Conclusion & Outlook

= First-principles definition of the heavy quark potential:

= Wilson Loop and its spectral function connected to V(R,T) non-perturbatively

= Ground state peak envelope of the spectral function leads to a Schréodinger Equation

= Peak structure of the spectral function provides real part (position) and imaginary part (width)
of the potential V(R,T)

= Current results with my=c0 and quenched QCD:

Re[V(R,T)] below T. : Confining potential with weakened string tension (v/o <430 MeV)

Re[V(R,T)] above T, : Debye screened , coincides with color singlet potential from free energies

Work in progress and future directions:

= MEM Investigation above T. with focus on a possible imaginary part -> Melting

= Use of full QCD data to include the influence of light quarks in the medium (WHOT)

= Extend the definition to include finite mass corrections
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The End

Thank you for your attention
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