Third order relativistic dissipative fluid dynamics for heavy-ion collisions
Abstract

A causal theory of dissipative relativistic fluid dynamics formulated by Israel and Stewart has been successfully applied to study and understand a wide range of phenomena observed in ultrarelativistic heavy ion collisions. However, because there is as of yet no universally accepted theory for such fluids, it is of interest to extend the second-order Israel-Stewart theory up to include higher-order corrections and then to quantify their effects on observables.

In this study we generalize the Israel-Stewart entropy 4-current expression to third order in dissipative fluxes, the shear stress tensor, heat flux, and viscous pressure. This is done in kinetic theory using the Boltzmann equation and Grad's 14-moment expansion, and the resulting theory is called third order relativistic dissipative fluid theory in this work. When performing this derivation we also compute the third order non-classical coefficients in terms of equilibrium distribution function, and plot them as a function of a temperature dependent variable to investigate their temperature dependence. We use the second law of thermodynamics and entropy 4-current expression to obtain the third order dissipative fluxes expressions. Finally we compare our results with those of the Israel-Stewart theory.

