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Motivation

Goal: study dynamical and transport properties of the QGP

@ Lattice QCD
Holographic QCD (AdS/CFT)
Perturbative QCD

Relativistic hydrodynamics

Kinetic theory in relaxation time approximation

Effective models: quasiparticle approach
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Quasiparticle model

Quark-gluon plasma:
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Reality: Effective approach:
~ massless, — massive,
strongly-interacting particles weakly-interacting quasiparticles

* similar to massive quasielectron moving freely in solid states
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Quasiparticle model

Weakly-interacting quasiparticles — Kinetic theory for ideal gases:

Z/ 271'3I cee i:g,(ws’(c);

I
fl-o = (exp(E;/T) £ 1)71, uw=0;
+ Dynamical quasiparticle masses:

Setup:
e effective coupling G(T);

@ dynamical masses m;[G(T), TJ;

@ reliable Equation of State P(e) - from lattice QCD;
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Effective running coupling

m?[G(T), T]
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[V.M, M. Bluhm, C. Sasaki, K. Redlich, PRD 100 (2019) and preliminary; IQCD: Wuppertal-Budapest]
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Effective Masses: m;[G(T), T] =

V(m})? + T{G(T), T]
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Quasiparticle Model: Thermodynamic Consistency
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[V.M, C. Sasaki, PRD103 '21]
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Shear and Bulk Viscosities: Nf =0vs Nf =2 +1
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* common relaxation times ;
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Specific Shear Viscosity
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[V.M, M. Bluhm, C. Sasaki, K. Redlich, PRD 100 (2019)]

Red curve on LHS = black on RHS.
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[J. Auvinen, K.J. Eskola, P. Huovinen, H. Niemi,

R. Paatelainen, P. Petreczky, Phys.Rev.C 102 (2020)]
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Time evolution of the QGP

1. Bjorken scaling (1D expansion): v.o. siorken, PRD 27 (1983]

T(r) = To(@>1/3

T

2. (2+1)D 2nd order viscous hyd ro (+ 7]/5) [J. Auvinen et al., Phys.Rev.C 102 (2020)]

07 T T T T T T
T(1)=To(to/1)"3
0.6 (2+1)D viscous hydro =

T [fm

]
* Same initial conditions for both: g = 0.2 fm, Tg = 0.624 GeV
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Rate Equations
Ny =2+ 1: quasiparticles (I, s, g) are in equilibrium, C quarks are not

2
e =6 [ Loadrl(eVP IR )

0, (ne. ) = RE™" — RL™

9u(ndut) = RE3M — Rless — 0 (detailed balance)
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[T.S. Biro et al., PRC 48 (1993); B.-W. Zhang et al., Phys.Rev.C 77 (2008)]
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Production rate of strange and charm quarks
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Production rate of strange and charm quarks
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Summary | Quasiparticle model:
e effective tool to explore the properties of hot QCD matter;

e provides n/s, (/s consistent with IQCD, AdS/CFT, hydro
models, etc.;

@ connects weak and strong coupling QCD regimes;

@ allows analysis of the particle production;

Further developments:

* Heavy flavors, finite chemical potential, separate relaxation times

Thank you for attention! Stand with Ukraine!™
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