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EQUILIBRATION IN THE OSAKA / STAVANGER APPROACH & LATTICE QQBAR POTENTIAL
LI of Stavanger

Motivation: Osaka/Stavanger approach

weak coupling
®! Main goal: derive a potential based e.o.m. “quantum Brownian motion limit”

for quarkonium wavefunctions from QCD
i0:9(t) = Fly, Re[V], Im[V],.. ]

= conceptual: connect imaginary part of the EFT
potential to microscopic quarkonium dynamics

quantum state diffusion

= technical: range of validity of phenomenological

models : .
recoilless limit

= practical: provide path for incremental
improvement of current approaches

"/ Based on open-quantum-systems picture adiabatic approximation
(no semiclassical approximation)

2

o= [

~+ RelVI(R.T) ~ iIm{V)(R. T)]y
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EQUILIBRATION IN THE OSAKA / STAVANGER APPROACH & LATTICE QQBAR POTENTIAL

Reaching equilibrium (proof-of-principle)

University
LI of Stavanger

®! Dissipation is essential for thermalization: linear vs. nonlinear stoch. Schroedinger
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Reaching equilibrium (proof-of-principle) LS gPith‘erséiﬁyger

®! Dissipation is essential for thermalization: linear vs. nonlinear stoch. Schroedinger
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Reaching equilibrium (proof-of-principle)

®! Dissipation is essential for thermalization: linear vs. nonlinear stoch. Schroedinger
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=! Lindblad equation (so far only 1d) leads to a universal late time thermal fixed point

ALEXANDER ROTHKOPF - UIS Quarkonium in HIC — EMMI RRTF — December 16th — 20th 2019 — GSI, Germany



University

EQUILIBRATION IN THE OSAKA / STAVANGER APPROACH & LATTICE QQBAR POTENTIAL
LI of Stavanger

Reaching equilibrium (proof-of-principle)

®! Dissipation is essential for thermalization: linear vs. nonlinear stoch. Schroedinger
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Reaching equilibrium (proof-of-principle)

®! Dissipation is essential for thermalization: linear vs. nonlinear stoch. Schroedinger
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Wigner transform
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Reaching equilibrium (proof-of-principle)
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®! Dissipation is essential for thermalization: linear vs. nonlinear stoch. Schroedinger
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fo(R)

Wigner transform
fp(R) = /dsr exp {—ZZ%F] p(R,T)

Classical limit h->0
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Reaching equilibrium (proof-of-principle)

®! Dissipation is essential for thermalization: linear vs. nonlinear stoch. Schroedinger
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77 We recover Boltzmann in the classical limit

Fi(z) = D(z) +
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The QCD real-time interquark potential

. T A
® Exploit — <1, =P

<1 to treat heavy quarks non-relativistically
mg mg

Brambilla et.al. Rev.Mod.Phys. 77 (2005) 1423

QCD NRQCD
Dirac fields Pauli fields

Qx),0(x) ¥ ¥ xx

Relativistic T>0
field theory
@O@% OAD?@
e Le”
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. . . niversity
The QCD real-time interquark potential LS of Stavanger
. T Aqcp L
H| Exploit o <1, o <1 to treat heavy quarks non-relativistically
2 QCD NRQCD pNRQCD
g2 Cfooo‘o Dirac fields Pauli fields Singlet/Octet
ElC . t oy oyt
: P2 1 : P2 1
LpNRQCD = /d3rTr {’(/)2 [160 — (W + VS(O) + O(m_Q))]¢5 + 1/JTO [IDO — (W + VO(O) + O(m—Q))}'(/Jo]
1
FVa(N)Tr[9rgEws + virgEdo| +O(r, )
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The QCD real-time interquark potential

LT A o
B Exploit — <1, 22 <1 totreat heavy quarks non-relativistically
mg mg

Brambilla et.al. Rev.Mod.Phys. 77 (2005) 1423

Q QCD NRQCD pPNRQCD
% Dirac fields Pauli fields Singlet/Octet

Qo

Qx).0(x) ¥ ¥hx.x"  Ys(R t),Yo(R, t)

Relativistic T>0
field theory

+v(°’+0( ))}¢s+¢é[ioo—(;;+v(°’+0( Q))W]

)

mq

P
LpNRQCD — /d3rTr {1/)2 [/60 — (2M

FVa(r)Tr [zporgEzps n 1/15rgE1/Jo] +0(r,
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The QCD real-time interquark potential LS of Stavanger
. T Aqcp L
H| Exploit o <1, o <1 to treat heavy quarks non-relativistically

=g QcD NRQCD pNRQCD

g3 Q9% Diactielts  Paulifields Singlet/Octet

2z RO2 - t oy ot

p2 1 p2 1
LonrQeD = /d3rTf [1/’2 [0 — (m + Vs(o) + O(m—Q))MS + 9 [iDo — (W + Vo(o) + O(m—Q))WO]
1
FVa(r)Tr [ngrgEzps n zp;rgEzpo] +0(r, m—Q)

®| Matching V(Og to underlying QCD in the infinite mass limit: Wilson loop

(s(R. 195(R,0))anraco = Wa(R, 1) = <Tr [exp (_,-g / quA,L(X))D tt R

QCD

v

X,y,Z
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. . . niversity
The QCD real-time interquark potential LS of Stavanger
. T Aqcp L
H| Exploit o <1, o <1 to treat heavy quarks non-relativistically
2 QCD NRQCD pNRQCD
28 ©90%  Diracfields  Paulifields Singlet/Octet
2z K0S _ f oy ot
: P2 1 : P2 1
LpNRQCD = /d3rTr {’(/)2 [160 — (W + VS(O) + O(m_Q))]‘l/jS + 1/JTO [IDO — (W + VO(O) + O(m—Q))}'(/Jo]
1
FVa(N)Tr[9rgEws + virgEdo| +O(r, )

®| Matching V(Og to underlying QCD in the infinite mass limit: Wilson loop

At
(Ps(R, t)¥s(R,0))pnrep = W0O(R, ) = <Tr [exp (—ig/D dX”A“(X))]> R
QCD
®| Wilson loop: potential emerges at late times - multi gluon interaction -

i0:(¥s(t)s(0)) = [VIO(R) + ©(R, t)] (¥s(t)¥s(0)) o
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The QCD real-time interquark potential

) T A
L] EXplOIt m—<<1, Qch

o mo <1 to treat heavy quarks non-relativistically

o
2 Ogoﬁo QcD NRQCD oNRQCD
= 2 6 O Dirac fields Pauli fields Singlet/Octet
2o (&fye _
SE A Qx).0(x) ¥ ¥hx.x"  Ys(R t),Yo(R, t)
_ p2 1 , p2 1
LpNRQCD = /d3rTr {’(/)2 [160 — (W + VS(O) + O(m_Q))]‘l/jS + 1/JTO [IDO — (W + VO(O) + O(m—Q))}"/)O]
1
FVa(r)Tr [ngrgEzps n zp;rgEzpo] +0(r, m—Q)

®| Matching V(Og to underlying QCD in the infinite mass limit: Wilson loop

(s(R. 195(R,0))anraco = Wa(R, 1) = <Tr [exp (_,-g / quA,L(X))D tt R

QCD
®| Wilson loop: potential emerges at late times - multi gluon interaction -
IatWD(R, t) >

€

X,y,Z

V(R) - tllmo WD(R, t)
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The QCD real-time interquark potential

) T A
L] EXplOIt m—<<1, Qch

o mo <1 to treat heavy quarks non-relativistically

o
2 Ogoﬁo QcD NRQCD oNRQCD
= 2 6 O Dirac fields Pauli fields Singlet/Octet
2o (&fye _
SE A Qx).0(x) ¥ ¥hx.x"  Ys(R t),Yo(R, t)
_ p2 1 , p2 1
LpNRQCD = /d3rTr {’(/)2 [160 — (W + VS(O) + O(m_Q))]‘l/jS + 1/JTO [IDO — (W + VO(O) + O(m—Q))}"/)O]
1
FVa(r)Tr [ngrgEzps n zp;rgEzpo] +0(r, m—Q)

®| Matching V(Og to underlying QCD in the infinite mass limit: Wilson loop

(s(R. 195(R,0))anraco = Wa(R, 1) = <Tr [exp (_,-g / quA,L(X))D tt R

QCD
®| Wilson loop: potential emerges at late times - multi gluon interaction -
IatWD(R, t) >

€

X,y,Z

V(R) - tllmo WD(R, t)

®| To access this real-time quantity from the lattice: spectral function reconstructions
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Non-perturbative evaluation of V(R)

A.R., T.Hatsuda & S.Sasaki

=/ How to connect to the Euclidean domain: spectral functions ", 70" .

Wh (R, ) = J dw et oy (R, w)

— 0
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Non-perturbative evaluation of V(R)

EQUILIBRATION IN THE OSAKA / STAVANGER APPROACH & LATTICE QQBAR POTENTIAL g

®| How to connect to the Euclidean domain: spectral functions

(e.@) 0

Wo(R,t) = J dw e " po(R, w) Wo(R, 1) = J dwe “7 pg(R,w)

— 0 — 00
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Non-perturbative evaluation of V(R)

®| How to connect to the Euclidean domain: spectral functions

(e.@) 0

Wo(R,t) = J dw et po(R, w) Wo(R, 1) = J dwe “" pg(R, w)

— 0 — 0

Spectral Decomposition

VRCD (R) = jipy -0 0@ p0(R )
e [ dwe @t pp(R, o)
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Non-perturbative evaluation of V(R)

®| How to connect to the Euclidean domain: spectral functions

(e.@) 0

Wo(R,t) = J dw et po(R, w) Wo(R, 1) = J dwe “" pg(R, w)

— 0 — 0

Spectral Decomposition

VRCD (R) = jipy -0 0@ p0(R )
e [ dwe @t pp(R, o)

3 l Wo well defined V(R)
XA A if low lying Breit-
s Wigner present in
Mo Wilson loop
spectral function
|l|“ Ly )w

V(R) = wo(R) — ilTo(R)
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Non-perturbative evaluation of V(R) LS s

®| How to connect to the Euclidean domain: spectral functions

Wo (R, ) = J dw et oy (R, w)

— 0

Spectral Decomposition

VRCD (R) = jipy -0 0@ p0(R )
e [ dwe @t pp(R, o)

3 L Wo well defined V(R)
A A if low lying Breit-
- Wigner present in
o Wilson loop
Ul | ||, spectral function
4>

b,

V(R) = wo(R) — ilTo(R)

ALEXANDER ROTHKOPF - UIS Quarkonium in HIC — EMMI RRTF —

Wo(R, 7) :J dw e oo (R, w)

Spectral Reconstruction

= In case of usual AW/W=10~ statistical un-
certatinty in W_: Bayesian inference

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

= In case of small AW/W<10-3 statistical un-
certatinty in W_ also Pade approximation

exploit the analyticity of the
Wilson correlator to extract spectra

December 16th — 20th 2019 — GSI, Germany
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Bayesian spectral reconstruction (1)) ofstevanger

HTL predicts a well defined Breit-Wigner peak in the Wilson correlator spectrum

B Found that MEM regulator produces Gaussian like peaks even for underlying BW

®| Developed a novel regulator

that actually reproduces BW peaks Regulator from axioms justified in

2d image recognition lead to entropy

P
= SSJ:/dw(p—m—p—)
o 8 m
8_ o M. Jarell, J.E. Gubernatis, Phys.Rept. 269 (1996) 133
o ’ - LR [l .
'5', 19 additional ad-hoc smoothing via SVD
;_é 5 R.K. Bryan E. Biophysics J. 1990, see A.R. J.Comp.Phys. 238 (2013)
o
0 5 10 15 2.25 25 o
= | | | LB
E o
§_ 1< Regulator guarantees positivity,
T £ smoothness, independence of units
3 4@
& g ¢ ¢
S Sgr= [ dw [1———|—Iog(—>]
27 3 33 m m
o [GeV] o [GeV] Y.Burnier, A.R. PRL 111 (2013) 18, 182003
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Latest results on the lattice potential

m| [attices with dynamical u,d,s quarks
(HISQ action, HotQCD & TUMQCD)

=| realistic m;~161MeV (T=151-1451MeV)

= fixed box (Ns=48 - N;=12, N,=16) &
very high statistics 4000-9000 realizations
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ALEXANDER ROTHKOPF - UIS
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University
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®| Smooth transition from Cornell @ T=0
to Debye screened @ T>T¢

Finite Im[V] above T, present
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A word on potential models

H| In the age of a 1st principles lattice V(R): analytic parametrization & interpretation

VIS2(R) = Ve(R) + Vs(R) = —a—rs Yortc

Ga[V(R)] =V ( i‘; (:))) — —4nqs¥(R)
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A word on potential models

H| In the age of a 1st principles lattice V(R): analytic parametrization & interpretation

Vog J(R) = Ve(R) + Vs(R) = —a—rs +or+c Vmed(p) = VY*(p)/e(p)
= ﬁV(F‘)) 5 e (P, mp) = P’ — iﬂTﬂ
Ga[V(R)] =V TRatl | T —4mqs®)(R) Prmb) =2y m?, (p? + m})?
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A word on potential models

®| In the age of a 1st principles lattice V(R): analytic parametrization & interpretation

Vo5 (R) = Ve(R) + Vs(R) = —a—rs +or+c Vmed(p) = VY*(p)/e(p)
= ﬁV(F‘)) 5 e (P, mp) = P’ — iﬂTﬂ
Ga[V(R)] =V Ratl |~ —4mqs®)(R) Prmb) =2y m?, (p? + m})?

Ga[V™ed(r)] = Qa/d3y(VV"c(r —y)e X (y)) = 4mqe " (r, mp) = Re[VI(R, mp), Im[V](R, mp)

= 3 vacuum parameters and 1 temperature dependent mp fix both Re[V] and Im[V]
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A word on potential models

®| In the age of a 1st principles lattice V(R): analytic parametrization & interpretation

VQTQZO(R) = VC(R) + VS(R) = _a_rS +or—+c Vmed(p) — VvaC(p)/e(p)
5 (v = ~1(5 P . pm?
Ga[V(R)] =V (2‘?@) — —471q5®)(R) e (Pimp) = > — mrm

GalV™e(r)] = Qa/d3y(VV"c(r —y)e (y)) = 4mge '(r,mp) = Re[V](R, mp), Im[V](R, mp)
= 3 vacuum parameters and 1 temperature dependent mp fix both Re[V] and Im[V]

®| Gauss-Law result allows to fit the lattice data even in the non-perturbative regime

ReV [GeV]
8 143
/!-%ﬂ 2.5
6 DA Xy )
_ %5 L By /
417 3 ,,’_0/— B . b
a - s /
|| 1
2 I 0.5
f’/—ﬁ | | . ) .

0 0.5 1 15 0 005 01 015 02 02
T [GeV]
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University

A word on potential models (1) ofStavanger

H| In the age of a 1st principles lattice V(R): analytic parametrization & interpretation

VQTQ:O(R) = VC(R) + VS(R) = _a_rS +or—+c Vmed(p) — VvaC(p)/e(p)
5 (v = ~1(5 P . pm?
Ga[V(R)] =V (vRVaf)) — —471q5®)(R) e (Pimp) = > — mrm

GalV™e(r)] = Qa/d3y(VV"c(r —y)e (y)) = 4mge '(r,mp) = Re[V](R, mp), Im[V](R, mp)
=/ 3 vacuum parameters and 1 temperature dependent mp fix both Re[V] and Im[V]

®| Gauss-Law result allows to fit the lattice data even in the non-perturbative regime

.  ReV [GeV]
T ImV [GeV]
] gfﬂ/ 25 L 148 MeV "+ 205 MoV 1+ 256 MeV
6 PRy , . 164 MeV 232 MeV
g —
= =S L5
477 s EQ /’
i
= 1
2
I 0.5
f/‘é | | . 0 =

0 0.5 1 15 0 005 01 015 02 02
T [GeV]
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Continuum corrected spectral functions

EQUILIBRATION IN THE OSAKA / STAVANGER APPROACH & LATTICE QQBAR POTENTIAL g

H| Need to manually correct for lattice artefacts: T and string tension not yet physical

t
Va5 (R) = ~25 L ortc mpyY*(t = T/TE) = T5) Voo
r
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Continuum corrected spectral functions

EQUILIBRATION IN THE OSAKA / STAVANGER APPROACH & LATTICE QQBAR POTENTIAL g

H| Need to manually correct for lattice artefacts: T and string tension not yet physical

t
Va5 (R) = X hortc mPY(t = T /TR = mD—()\/aCO”t
r

®| Via Schrodinger equation for spectral functions with the Gauss-law parametrization

8 . :
Charmonium : :
6} S-wave channel ! ! 155 MeV —
3 I 175 MeV —
34 | © 200 MeV
g f : 250 MeV
o / \ 300 MeV —

w [GeV]
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Continuum corrected spectral functions

EQUILIBRATION IN THE OSAKA / STAVANGER APPROACH & LATTICE QQBAR POTENTIAL g

H| Need to manually correct for lattice artefacts: T and string tension not yet physical

t
VISP(R) = 22 tor+c e (r — ity = M0 e
r

®| Via Schrodinger equation for spectral functions with the Gauss-law parametrization

3 . :
Charmonium : :
6} S-wave channel ! ! 155 MeV —
3 I . 175 MeV —
3 4 | © 200 MeV
g f : 250 MeV
o / \ 300 MeV —
0 L~

w [GeV]
®| Shifting to lower mass and broadening hierarchichally ordered with vacuum Ey;ng
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Bottomonium

02 025 03 035 04
T [GeV]

Charmonium

016 013 02 022 024 026 028 03 016 018 02 022 094 096

T [GeV] T [GeV]
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LI of Stavanger

Conclusion
®| Dissipative Lindblad dynamics recover universal thermal fixed point
m| Static inter-quark potential defined from the real-time Wilson loop
®| Novel Bayesian BR method designed to accurately extract BW peaks
®| Current state-of-the-art extraction: Debye screened Re[V] & Im[V] >0
®| Potential model as efficient parametrization of Re[V] and Im[V]

®| Precision spectral functions from the continuum corrected potential
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EQUILIBRATION IN THE OSAKA / STAVANGER APPROACH & LATTICE QQBAR POTENTIAL
- - - University
Local regulators do not avoid ringing (1) of Stavanger
| | |
5F m=1 pbroad S pwiggle —
— 4t i SsilP°VSsi[P"]=1.03 -
O
S 3 SerIP°V/Ser[P"]=1.04 -
3
3 27 SkrIPVSERIP"]=0.97
1
O ]
0 5 10 15 20

w [arb.]

H| Development of regulators based on different prior information: MEM & BR

BR prior enforces:

: P P p positive definite,
Y.Burnier, A.R. J—
PRL 111 (2013) 18, 182003 SBR = / dw (1 — — + log smoothness of p,

m m result independent of units

=l BR prior: better accuracy in sharp peak structures than MEM but prone to ringing
= MEM avoids ringing through additional ad-hoc smoothing via SVD
C.Fischer, J. Pawlowski ap 2 P P
.Fischer, J. Pawlowski, smooth . op P P
P/:a'l;{é'sc(.z\gfs:;%ic:oegg SB R =« / dw (K (6&)) + 1 m + /Og [ m})
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University

Towards the lp, tO Jllp I'atiO LI of Stavanger

30 ¥ Assume instantaneous freezeout: T>0 states
o5t convert to real vacuum particles at around T
20t e 1=0
(\% 15 = T=155MeV

10}
5.
0 ] A p——

3.0 3.2 3.4 3.6 3.8 4.0

w [GeV]
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Towards the @’ to J/y ratio

EQUILIBRATION IN THE OSAKA / STAVANGER APPROACH & LATTICE QQBAR POTENTIAL g

30p = Assume instantaneous freezeout: T>0 states
o5} convert to real vacuum particles at around T
20f T=0 5 |n-medium dilepton emission from area under
E=RE! TSN spectral resonance peaks
d°p p(P)
10}
Ry ox | d n
| . Po | 23 P2 B(pPo)
. 2 2
. A (to leading order p(P) = p(ps —p~) )
3.0 3.2 3.4 3.6 3.8 4.0
w [GeV]
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Towards the @’ to J/y ratio

EQUILIBRATION IN THE OSAKA / STAVANGER APPROACH & LATTICE QQBAR POTENTIAL g

30p = Assume instantaneous freezeout: T>0 states
o5} convert to real vacuum particles at around T
20f T=0 5 |n-medium dilepton emission from area under
E=RE! TSN spectral resonance peaks
d°p p(P)
10}
Ry ox | d n
| . Po | 23 P2 B(pPo)
. 2 2
. A (to leading order p(P) = p(ps —p~) )
3.0 3.2 3.4 3.6 3.8 4.0
w [GeV]

% "How many vacuum states do the
in-medium peaks correspond to?”
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Towards the @’ to J/y ratio

30y %/ Assume instantaneous freezeout: T>0 states

o5} convert to real vacuum particles at around T

20} T=0 ® |[n-medium dilepton emission from area under

= T=155MeV

215 spectral resonance peaks
. d°p p(P)
10
N (to leading order p(P) = p(p3 — p?) )
=30 82 34 36 38 40

w [GeV]

% "How many vacuum states do the
in-medium peaks correspond to?”

%= Number density: divide in-medium
by T=0 dimuon emission rate:

Ny, _ RE MG/ |®yw(0)f
Njw RV M@y (0)
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- University
y

Towards the @’ to J/y ratio 1) of Stavanger

30p % Assume instantaneous freezeout: T>0 states

o5} convert to real vacuum particles at around T

201 T=0 5 |n-medium dilepton emission from area under

E=RE! TSN spectral resonance peaks
| d°p p(P)
10
| sz 0.6 Jdpoj (27_[)3 PZ ng (pO)
Al (to leading order p(P) = p(pé —p?))
O=30 32 34 36 38 40
w [GeV] <007

E —#—— ALICE ys\=2.76TeV , 2.5<y<4, 0<p <3 GeV/c
- ———— ALICE ys,,=2.76TeV , 2.5<y<4 , 3<p <8 GeV/c
E ——4¢—— NA50 \s,=0.017 TeV, O<y<1, pT>O GeV/c

[ e e mm SHM pT>O GeV/c

A-
o
o
&

I

% "How many vacuum states do the
in-medium peaks correspond to?”

95%CL

[w(2S) / Jhy]

%' Number density: divide in-medium o ssicL
by T=0 dimuon emission rate: 003
=0
Y’ 2 2 ; spectra s«
Ny _ REE M‘P’|(DI/W(O)| 0.01F  ——{[| 4| ’ Il
Ny RI/Y M2 /(0)2 SUURTTI DT SONTU ST vweek - v i
v Ry My yl®w(0) TR TR R = e
(N o
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Extracting the potential

®| Example: Pade based reconstructions at f=7.825 T=407MeV N,=12

T

T T
101 i'iii+

T
5 ' For 4
g 102 i i ﬁ
= -3
=10 HISQ B=7.825 N.=12
10—4 1 1 | 1 1
0 2 4 6 8 10
T
a5l & HISQB 7.825 NT 12|
g 8 a
= 25 -
s & R FFRFFREF R ¥
X X X X X X X X X
2_ -
+ + + + + + + + 0+
0 2 4 6 8 10
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EXtraCting the pOtentiaI LI of Stavanger

®| Example: Pade based reconstructions at f=7.825 T=407MeV N,=12

1 T T

10° * T T T T I lattice FIT ! 0.4 I I I I lattice FIT Eall
g ' + 09 Pade — 7| 0.3 Pade = -
5 10 L i ' oy, 08 L HISQp=7.825 1
= & = Ny=12 3
7 10 N DFT » 2 o ™ 12
= 10° = 06| 18
=10 HISQ B=7.825 N¢=12 T g - 2
- ] | | | | = o05r 7]
10 = 2
0 2 4 6 8 10 g 04 E
0.3
T T T T T 0.2
ss| L 0 ¢ o HSQBTEsNs12 | 0.1 15
%, -
s 25 | i
s 2 R R P EFERERRRF
X X X X X X X X X X
5| ]
+ + + + + + + + + 1
0 2 4 6 8 10
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EXtraCting the pOtentiaI LI of Stavanger

®| Example: Pade based reconstructions at f=7.825 T=407MeV N,=12

1 T T T T |
lattice FT HgH

109 T T T T I lattice FIT B
[ 09 F e — 1 -
£ 101 " ] i i i s, 08 | HISQR=7.825 A rece
g 102 I | i 3 L N2 {1 2
g f§g DFT - 2 ony | &
=10 HISQ B=7.825 N¢=12 T g - 2
104 1 1 L ] ] TE.: 05 7] E
0 2 4 6 8 10 g 04 E
0.3
T T T T T 0.2
ss| L 0 ¢ o HSQBTEsNs12 | 0.1 : 15
v 3t 1 1
2 g g g g § E é - plw) ~ ——Im[Ry, (w)]
T 25 g g R ERRERERT
X X X X X X X X X X
2F 7 1000 o @ T>0b=7.825
+ + + + + + + + + ¢ HISQ Pade
0 2 4 6 8 10 1
T/a 10 ‘o
_ \ ,)l
3 ‘g\f\!\
& = AN
$ 0.100 _Q NN
- §
0.001 '
5 I
10 0 1 2 3 4 5
w [GeV]
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Extracting the potential

1

100 * ' T T T T o5
— -1 + .
":;10 i i ' kL o+ + __ o8
8 1072 1 ' i i ﬁ DFT 3 o7
= =
-3 =
=10 HISQ B=7.825 N,=12 " g 06
. 1 L | | ) I— 05
10 S5
0 2 4 6 8 10 T 04
03
' ' ' ' ' 0.2
s 8 § @ ”HISQ B=7.825N=12 | o
SHHINTT
3 -
= 250 )
z = R IR FFPFFERR
X X X X X X X X X X
2 i
R L L L L
0 2 4 6 8 10

=i Always find well defined lowest peak:
potential picture appears viable

=/ Beware of Pade artifacts besides peak:
e.g. positivity violation, spikes

ALEXANDER ROTHKOPF - UIS
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u

®| Example: Pade based reconstructions at f=7.825 T=407MeV N,=12

HISQ B=7.825
N{=12

T T .
lattice FT HgH
Pade =— -

T T
lattice FT HgH
Pade — |

ImWHISQ(r,iw)

lo"*%(w)|

1000

10

0.100

0.001

107°

p(w) ~ ~—Im[Rp, ()]

p @ T>0b=7.825
HISQ Pade
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