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論文要旨: 

 

The rich phase structure of Quantum Chromodynamics (QCD) has been extensively studied 

for decades, both theoretically and experimentally. In particular, properties of the 

quark-gluon plasma (QGP), which is realized in the high-temperature medium, have been 

actively investigated in relativistic heavy-ion collisions at large experimental facilities such 

as the Relativistic Heavy Ion Collider (RHIC) and the Large Hadron Collider (LHC). One of 

the remarkable findings of these experiments is that the time evolution of the QGP in the 

hot medium created by the collisions is well described by relativistic hydrodynamics with 

small viscosity. In the dynamical modeling of heavy-ion collisions, therefore, computational 

hydrodynamics plays a central role. 

 

In this thesis, we propose a new method to solve the relativistic hydrodynamic equations in 

the dynamical modeling of heavy-ion collisions. This method uses an implicit Runge-Kutta 

method for time integration with a locally optimized fixed-point iterative solver. We 

demonstrate that the accuracy and computational cost of the new method are better than 

those of conventionally used explicit ones. The advantage is more pronounced when the 

method is applied to viscous hydrodynamic equations. We implement the solver into a 

dynamical model of heavy-ion collisions and perform simulations to reproduce experimental 

data. 

 


