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QCD degrees of freedom
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QCD Phase Diagram

R.A.Soltz et al., Ann. Rev.Nucl.Part.Sci. 65 (2015) 379
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QCD Phase Diagram and HICs

A. Bazavov et al., 1904.09951
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Simulating RHICs
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Viscous Hydrodynamics

shear viscosity
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Heavy flavor: ¢/b quarks and D, B mesons

Standard Model of Elementary Particles

three generations of matter
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Heavy-meson spectral functions
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Heavy-meson thermal masses

G. Montana et al. (JMT-R), / S
Phys.Lett.B 806 (2020) 135464, ™, K, K
Phys.Rev.D 102 (2020) 9, 096020
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Brownian motion and diffusion coefficient
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Fokker-Planck equation

Many-body EFT with real time: Kadanoff-Baym approach

Off-shell Fokker-Planck equation
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where AY = §% — k'kI /K2

JMT-R, G. Montafia, A. Ramos, L. Tolos, Phys.Rev.C 105, 025203 (2022)
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Diffusion coeflicient

JMT-R, G. Montana,
A. Ramos, L. Tolos,
Phys.Rev.C 105, 025203 (2022)
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Exotic hadrons as molecular states

Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update ,-777-7-\w
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Vorticity and EM fields

Large magnetic fields
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Total helicity (non)conservation

Perfect relativistic magnetohydrodynamics

Fluid + Mixed + EM helicities chiral imbalance

——
du(h*w" + hB*) + E - B = (2hw* + B*)(T3,5+  psduzs )
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D. Kleckner, W.T. Irvine,
Nature Physics, 9, 253 (2013)

E.G. Blackman,
Space Sci. Rev. (2015) 188:59-91  Hu=[ABav=20-9

Extension of works by H.K.Moffatt (1969), J.D.Bekenstein (1987), and
A.G. Abanov and P.B. Weigmann (2022)



Summary

Summary

1. RHICs phenomenology from the microscopic, fundamental side

2. Heavy-meson (D/B) masses as functions of temperature.
Predictions checked against lattice-QCD calculations

3. Control over low-energy hadron interactions. Transport coefficients.
Not just theoretical, but useful for prior knowledge for HICs

4. Description of exotics as molecular states.
Outlook: simulations and connection to RHICs

5. (Non)conservation laws in relativistic magnetohydrodynamics
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