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Motivation and theoretical framework



Motivation

Shear Viscosity [emhard et al. (2019)] Bulk Viscosity [Bernhard et al. (2019)]

I Precise estimates: shear viscosity
I Less precise estimates: bulk viscosity

Based on state-of-the-art Bayesian analysis with uncertainties.
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Motivation

I Precise estimates: shear
viscosity
1 Less precise estimates: bulk
viscosity
Based on state-of-the-art
Bayesian  analysis  with  un-
certainties.

Shear ViSCOSity [Bernhard et al. (2019)]

Goal: Estimate the electri-
cal conductivity of Quark-Gluon
Plasma (QGP).

Cond UCtiVity [Abduthamid et al. (2022)]

Bulk Viscosity [Bernhard et al. (2019)]
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From photon/dilepton spectra
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I Perturbative method: Kinetic theory 0:19 < =T < 2 [Armold et al. (2000)], [Ghiglieri et al. (2013)], [Yin (2014)]
1 Non-perturbative method: LQCD 0:003 < =T < 0:018 [cupta (2004)], [Ding et al. (2011)] [Aarts and Nikolaev

(2021)]

Dynamical space-time evolving QGP: Relativistic MagnetoHyDrodynamics (RMHD)
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Relativistic MagnetoHyDrodynamics (RMHD)

Fluid conservation laws:
I Charge:
@J =0
I Energy-momentum:
@ T +Tep)=0
6T = @T,, = FJ
Maxwell’s equation:
@eF = J
@F =0
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Ideal Vs resistive RMHD

Force equation:
F u =0
Electric and magnetic fields:
E+v B=0

Electric field:

m Always a function of v and B.
m Always perpendicular to B.

Resistivity:
m Vanishes everywhere.

I Force equation:
Fu= Y1+ 'Tuu
I Current density:

J= E+v B (E v)v
+(r E)v

I Electric field:

m Independent variable of the physical
system.
m Direction is not known a priori.

I Resistivity:
m Can change spatially and over time.
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Numerical issues and challenges

Compared to the classical case, this is not a simple task for a relativistic plasma, at least for fhe
following reasons:

1. High resolution and multi-scale simulation.
2. Large inverse plasma-parameter( = B2=2P) at the periphery of reball.

3. The relativistic Navier-Stokes (Ohm's law) PDEs become of mixed hyperbolic/elliptic typd,
leading to causality violation.

4. Numerical problems in the evolution & (sti equations).
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High resolution and multi-scale simulatiddiHAC-QGP

I Has been designed to solve
the equations of ideal
general-relativistic
magnetohydrodynamics in
arbitrary space-times

Exploits Adaptive Mesh
Re nement technique

Cylindrical blast Level 1 (200 200) |

Reduces numerical cost with-
out sacri cing accuracy, ideal for
Bayesian analysis.

Adaptive Mesh resolution

Cylindrical blast Level 2 (100 100 )
[Mayer et al. (2024a,b)]
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