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Goal:(quantitative1and intuitive1potential1based description(from(1st principles(QCD
For1applications1see1contributions1by1e.g.1B.1Krouppa 15/05/2018,111:501and1S.1Kajimoto 14/05/2018,117:00
see1also1Y.Burnier,1A.R.,1O.Kaczmarek JHEP115121(2015)1101,1N.1Brambilla1et.al.1PRD971(2018)1074009
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Towards the in-medium potential
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non3relativistic"potential"description
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For"T>0"QQ"real3time"evolution"via"potential:"need"to"derive"Schrödinger"equation

No Schrödinger
equation derived for
the model potentials
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Brambilla et.&al.&&Rev.Mod.
Phys.&77&(2005)&1423

Brambilla,&Ghiglieri,&Vairo and
Petreczky&PRD&78&(2008)&014017

pNRQCD$effective&field&theory:$

Describes$heavy$quarkonium$as$singlet$and$octet$wavefunctions:  S(R, t), O(R, t)
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Extracting VQCD from the lattice

How$to$connect$to$Euclidean$lattice$QCD:$spectral)functions

W⇤(R, t) =
Z1

-1
d! e-i!t ⇢⇤(R,!) W⇤(R, ⌧) =

Z1

-1
d! e-!⌧ ⇢⇤(R,!)

A.R.,)T.Hatsuda &)S.Sasaki
PRL)108)(2012))162001)
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Intuitive$relation:$spectral$functions$and$VQCD
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Spectral Reconstruction (Unfolding)
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certatinty in#W□:#Bayesian7inference
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certatinty in#W□ also#Pade approximation

incorporate prior information to regularize
the inversion task (BR#method)

exploit the analyticity of the
Wilson#correlator to extract spectra

Y.7Burnier,7A.R.7PRL71117(2013)71820037

see e.g.7A.7Tripolts contribution 14/05/2018,717:507
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Potential)models:)only%static%information)τ=β
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Pade approximation for VQCD(R)

Pade approximation-for-spectral-reconstruction:

ProjectWilson-correlator-on-an-rational-function-basis

Analytically.continue.the-basis-functions

W(i!n) ⇡ R(i!n) =
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Pade requires*high*precision:*feasibility*test*with*HTL$data$at*Nτ=12$and*dW/W=1002

In$HTL$approximation
Wilson$correlators,
spectral function,
Re[V]$Im[V]$known

analytically
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XXVIIth International Conference on Ultra-relativistic Nucleus-Nucleus Collisions –Venice,  Italy – 15/05/2018

REALISTIC IN-MEDIUM HEAVY-QUARK POTENTIAL FROM HIGH STATISTICS LATTICE QCD

Lattice QCD setup

Lattices(with(dynamical(u,d,s quarks((HISQ(action,(HotQCD(&(TUMQCD)(

fixed(box((Ns=48(I Nτ=12,'Nτ=16):(vary(T(via(lattice(spacing(

realistic((mπ~161MeV((T=151I407MeV)((I slightly(higher(mπ~300MeV((T=450I1250MeV)

low(temperature(configurations((Nτ =32I64)(for(calibration(available

A.'Bazavov et.al.'PRD97'(2018)'014510,'
HotQCD'PRD90'(2014)'094503'



XXVIIth International Conference on Ultra-relativistic Nucleus-Nucleus Collisions –Venice,  Italy – 15/05/2018

REALISTIC IN-MEDIUM HEAVY-QUARK POTENTIAL FROM HIGH STATISTICS LATTICE QCD

Lattice QCD setup

Lattices(with(dynamical(u,d,s quarks((HISQ(action,(HotQCD(&(TUMQCD)(

fixed(box((Ns=48(I Nτ=12,'Nτ=16):(vary(T(via(lattice(spacing(

realistic((mπ~161MeV((T=151I407MeV)((I slightly(higher(mπ~300MeV((T=450I1250MeV)

� � � � � �

��-�

����

�

���

ω [���]

|ρ
��
��
(ω

)|

ρ @ T≈0 b=6.740
HISQ Pade

Re[V](@(T≈0(consistent(in(different(extractions:(Bayes,(Pade,(correlator(fits

-0.5

 0

 0.5

 1

 1.5

 2

 2.5

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

R
e[

V
](

r)
 [G

eV
]

r [fm]

β=6.740
β=6.800
β=6.880
β=6.950

β=7.030
β=7.280
β=7.373
β=7.595

β=7.825
β=8.000
β=8.400

low(temperature(configurations((Nτ =32I64)(for(calibration(available

A.'Bazavov et.al.'PRD97'(2018)'014510,'
HotQCD'PRD90'(2014)'094503'



XXVIIth International Conference on Ultra-relativistic Nucleus-Nucleus Collisions –Venice,  Italy – 15/05/2018

REALISTIC IN-MEDIUM HEAVY-QUARK POTENTIAL FROM HIGH STATISTICS LATTICE QCD

Lattice QCD setup

Lattices(with(dynamical(u,d,s quarks((HISQ(action,(HotQCD(&(TUMQCD)(

fixed(box((Ns=48(I Nτ=12,'Nτ=16):(vary(T(via(lattice(spacing(

realistic((mπ~161MeV((T=151I407MeV)((I slightly(higher(mπ~300MeV((T=450I1250MeV)

� � � � � �

��-�

����

�

���

ω [���]

|ρ
��
��
(ω

)|

ρ @ T≈0 b=6.740
HISQ Pade

Re[V](@(T≈0(consistent(in(different(extractions:(Bayes,(Pade,(correlator(fits

-0.5

 0

 0.5

 1

 1.5

 2

 2.5

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

R
e[

V
](

r)
 [G

eV
]

r [fm]

β=6.740
β=6.800
β=6.880
β=6.950

β=7.030
β=7.280
β=7.373
β=7.595

β=7.825
β=8.000
β=8.400

low(temperature(configurations((Nτ =32I64)(for(calibration(available

No(significant(difference(between(Nτ=12 and(Nτ=16 – close'to'continuum'already(

A.'Bazavov et.al.'PRD97'(2018)'014510,'
HotQCD'PRD90'(2014)'094503'



XXVIIth International Conference on Ultra-relativistic Nucleus-Nucleus Collisions –Venice,  Italy – 15/05/2018

REALISTIC IN-MEDIUM HEAVY-QUARK POTENTIAL FROM HIGH STATISTICS LATTICE QCD

The finite temperature potential
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Errorbars from*10Gbin*Jackknife*and
varying*the*#*of*used*correlator*points*
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Extraction*using*Bayes*and*Pade

T<=198MeV*BR*and*Pade work,
give*same*result

T>198MeV*only*Pade robust,*Bayes
shows*ringing*artifacts

Errorbars from*10Gbin*Jackknife*and
varying*the*#*of*used*correlator*points*

Re[V]*shows*smooth&transition&from*
Cornell*to*asymptotically*flat*form*

Comparison*to*F1(r)*(gray)*shows
agreement with*Re[V]*within*errors
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c.f.&Y.&Burnier,&A.R.,&O.&Kaczmarek&PRL114&(2015)&082001
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in%QGP%phase:%Re[V]%weakens
compared%to%T=0%case.%Still
Re[V]%&%F1 agree%upto uncertainty.
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around*Tc compatible*with*zero,
finite*values*at*T>=173MeV
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Improving*the*extraction*of*Im[V]*urgently*needed,*requires*larger*Nτ~48
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Lattice'Re[V]'well'described'by'tuning'mD,'reflects'smooth'onset'for'T>Tc
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Pre/Postdiction of Im[V]

Once%mD is%fixed%from%Re[V]%Gauss6Law%parametrization%predicts%a%Im[V]
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Pre/Postdiction of Im[V]

Once%mD is%fixed%from%Re[V]%Gauss6Law%parametrization%predicts%a%Im[V]

Gauss%Law%parameterization%
seems%to%give%slightly%lower%values%
than%extracted%just%above%Tc.
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Lattice$QCD$progress$in$determining$Re[V]$&$Im[V]

Latest$results$corroborate$a$consistent$picture:$

Re[V]$smoothly$transitions$from$Cornell$to$DebyeL$similar$to$F1 within$uncertainty
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