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® Fromrunlandongoingrun2at LHC: unprecedented amount of precision data
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= Theorygoal: 15t principlesinsightinto in-medium QQ in heavy-ion collisions
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= |nversion of Laplace transform required to obtain spectra: Inherently Ill-defined

®  Give meaning to problem by incorporating prior knowledge: Bayesian approach

= Bayestheorem: Regularize the naive x? functional P[D|p] through a prior P[p]I]
Plp|D, I] o< P[Dlp] Plpl|I]
= Methods progress: Novel Bayesian reconstruction improves on Maximum Entropy Method

Pl oces  S=ad Awn(1— 2 4i0g[21])
1=1

my my
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Static QQ potential
from Wilson loop spectral functions
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= No more need for model potentials, such as free/internal energies used previously

= Beware: real-time wilson loop not directly accessible in lattice QCD simulations
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m Spectral functions as bridge between the Euclidean and real-time Wilson loop
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m With the novel Bayesian method: robustlattice determination of Re[V]&Im[V]
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m Phenomenology:analytic parametrization available from generalized Gauss Law
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Heavy quarkonium spectra
from the complex lattice T>0 potential
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m Solve a Schrodinger equationforthe meson spectral function:
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Direct Lattice QCD
heavy quarkonium spectral functions
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Direct lattice QQ spectra "

Relativistic treatment of light Kin. eq. non-relativistic QQ in a
and heavy d.o f. background of light medium d.of.
/\QCD < 1 QQ in NRQCD effective theory
N N/ 77 N/ 777 mo ///////
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Full Lattice QCD simulation incl. QQ / / / / P/

(still too costly) Lattice QCD simulation without QQ

= Lattice Non-Relativistic QCD (NRQCD) well established at T=0, applicable at T>0

. no modeling, systematic expansion of QCD action in 1/mqa, includes v#0 contributions
Thacker, Lepage Phys.Rev. D43 (1991) 196-208

= State-of-the-art: realistic simulations of the QCD medium by the HotQCD collab.

HotQCD PRD85 (2012) 054503, PRD90 (2014) 094503

» 48312 N{=2+1HISQ action m,=161MeV T=[140-249] MeV m.a=[0.757-0.427 ]
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Correlation functions in NRQCD
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Brambilla et. al. Rev.Mod.Phys. 77 (2005) 1423
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Lattice NRQCD Charmonium T>0 spectrum
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= Due to limited number of data points (Nt=12) only ground state reliably reconstructed
m  GS strength decreases with temperature, quantitative features (m, ') are work in progress

= Consistent with potential based spectra: survival of GS peak remnant up to T=1.6T.
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m Methods progress: Novel Bayesian approach to spectral reconstruction

m Combining EFT methods (pNRQCD/NRQCD) and lattice QCD spectral functions

- Progress|: First principles definition of static T>0 potential from QCD spectral functions

= Progress|l: Predictions for Y’ /J/{ from meson spectra based on the static potential

= Progresslll: Direct reconstruction of NRQCD meson spectra
m Physics results forin-medium quarkonium:
= Confirm sequential in-medium modification of quarkonium states
= Observation of mass shifts for quarkonia to lower values close to melting
=’ /J/Y ratio at freezeout larger than predicted from statistical model

- Melting T: Y(1S): 412(40)MeV, x,(1P): 266(20)MeV J/Y: 213(12)MeV x.(1P):182(12) MeV

Thank you for your attention
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