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Hard probe: susceptible to medium but distinguishable from it   Qprobe> Tmed

Goal: provide first principles interpretation to intricate phenomenology
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Non-perturbative 1st principles approach to Quantum Chromo Dynamics

Dynamical fermions ψ(x) with realistic masses

ψ
Finite extend in imaginary time: 1/T = β = Nτ aτ

(Pseudo)critical temperature: 154±9 MeV

Successful at T>0: static QCD properties

Equation of state as input for hydro-dynamics

Trace anomaly Tμμ = ε-3p strong coupling at TC

WB JHEP 1009 (2010) 073 - HotQCD PRD85 (2012) 054503

HotQCD PRD90 (2014) 094503 - WB PLB730 (2014) 99-104

cont. lim

TC

(ε-3p)/T4

p/T4

s/4T4
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D/D thr.

ω

Generic prediction:

if potential picture valid,
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becomes lighter as T
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medium effects
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compute Gauss law prediction for Im[V]

Gauss-Law result allows to fit Re[V] data even in the non-perturbative regime
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recently extend the Gauss law to model 

quarkonium at finite velocity & μB
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ϒ in-medium 

mass shifts

For the first time consistent negative in medium mass shifts – ordered by Ebind

Crucial step: defining correct T=0 baseline in presence of methods artifacts

Equilibrium spectral properties
bb S-wave T=0 spectra bb S-wave T>0 spectra
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Open theory questions
TOWARDS IN-MEDIUM HEAVY QUARKONIUM DYNAMICS FROM FIRST PRINCIPLES
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Extraction of the in-medium 

potential on realistic lattices

hydro
expansion

pre-thermalization Quark-Gluon-Plasma hadronizationbulk:

Properties of equilibrium QQ

Extraction of thermal spectral 

properties on the lattice

with P. Petreczky, J. Weber: NPA982 (2019) 735

S. Kim, P. Petreczky, A.R. JHEP 1811 (2018) 088

with D. Lafferty arXiv:1906.00035

First principles extraction of 

the heavy quark potential

Novel phenomenological 

definition of the Debye mass

Beyond Schrödinger:

Open-quantum-systems

descr. of real-time evolution

Connecting OQS to

EFT language of potential

Real-time QQ evol. in local

thermal equilibrium

( with T. Miura, Y. Akamatsu, M. Asakawa

arXiv:1908.06293 )

( see poster by Alexander Lehmann)

QQ realtime evol.

in the initial stages

classical statistical

simulations for gluons

& real-time NRQCD

First exploratory

steps in the glasma

Q

Q

medium interactionproduction /formation freeze-outQQ:
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medium - QQ interaction

for details see Y. Akamatsu, Phys.Rev. D87 (2013) 4, 045016 and arXiv:1403.5783  
Derivation via path integral formalism: Feynman-Vernon influence functional

In QM language: Markovian evolution via quarkonium Lindblad equation

Approximate the FV functional to second order in the coupling & 

Full Lindblad dynamics cannot be described by deterministic Schrödinger equation 

perturbative Im[V]
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A new scale appears in the dynamics: medium correlation length  lcorr

Fluctuations induce decoherence:  select preferred basis – decay of populations 

stability of quarkonium decreases:

from Debye screening and fluctuations

result
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First “derivation” of phenomenological models based on nonlinear Schrödinger equation
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First genuine Lindblad implementation: previous works could not maintain positivity of ρ
D. De Boni, JHEP 1708 (2017) 064
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TOWARDS IN-MEDIUM HEAVY QUARKONIUM DYNAMICS FROM FIRST PRINCIPLES

Based on scale separation & weak coupling approximation: 

The 1st QSEC Conditions– September 24th 2019 – Heidelberg University – Germany

In QM language corresponds to Markovian evolution by Lindblad equation

Proof of

principle

in 1d

Unravel dynamics in wavefunction stochastic dynamics: Quantum State Diffusion
T. Miura, Y.Akamatsu, M. Asakawa,, A.R., arXiv:1908.06293

Distribution of states at late times agrees well with Boltzmann and yields consistent T
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Towards full Lindblad dynamics (III)
TOWARDS IN-MEDIUM HEAVY QUARKONIUM DYNAMICS FROM FIRST PRINCIPLES

Based on scale separation & weak coupling approximation: 
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In QM language corresponds to Markovian evolution by Lindblad equation

Proof of

principle

in 1d

Unravel dynamics in wavefunction stochastic dynamics: Quantum State Diffusion
T. Miura, Y.Akamatsu, M. Asakawa,, A.R., arXiv:1908.06293

Distribution of states at late times agrees well with Boltzmann and yields consistent T

Smaller mQ leads to more efficient equilibration (decoherence more effective) 
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First potential-based Lindblad equation for in-medium heavy quarkonium
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Explore the initial stages of a HIC: formation dynamics of quarkonium

Improve reconstruction of spectral functions: excited states physics
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Control over systematics in direct spectral reconstructions in lattice NRQCD  
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with T. Miura, Y. Akamatsu, M. Asakawa arXiv:1908.06293

Improved analytic parametrization of V(R) using the generalized Gauss law
D. Lafferty, A.R., arXiv:1906.00035 

new PhD student G. Parkar started this August 
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