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9. Vorlesung



Allgemeines zur Vorlesung, Plan für die heutige Vorlesung

• Kompensationstermine der Vorlesungen 26.05.2017 und 14.07.2017:  
Dienstag der 20.06. und 27.06.2017, jeweils um 12.15-13.45 Uhr.

• Kompensationstermine der Vorlesung am 30.06.2017:              
Dienstag der 04.07.2017 um 12.15-13.45 Uhr.

• Wiederholung: Das parallele C++ Programm zum Berechnen der  
Tolman-Oppenheimer-Volkoff (TOV) Gleichungen einer Sequenz
von Neutronen/Quark Sternen.

• Die OpenMP- und MPI- C++ Versionen mit geordneter Ausgabe in 
eine Datei, variabler Zustandsgleichung und Terminalausgabe der 
benötigten Zeit.

• Einführung in Teil III: Das Einstein Toolkit



Wiederholung:
Einführung in die Parallele Programmierung

Introduction

1. Parallelization on shared memory
systems using OpenMP

2. Parallelization on distributed memory
systems using MPI

3. Further resources

fias.uni-frankfurt.de/~hanauske/VARTC/T2/intro/Hanauske_ParallelizationTut.odp
fias.uni-frankfurt.de/~hanauske/VARTC/T2/intro/Hanauske_ParallelizationTut.pdf



Parallele Programme siehe Teil 2 
der Internetseite der Vorlesung



Aufgaben zum 2.Teil der Vorlesung 
siehe E-Learning „Lon Capa“



Aufgaben zum 2.Teil der Vorlesung 
siehe E-Learning „Lon Capa“



Aufgaben zum 2.Teil der Vorlesung 
siehe E-Learning „Lon Capa“



Numerical Relativity and Relativistic Hydrodynamics 
of Binary Neutron Star Mergers

(3+1) decomposition of spacetime

All figures and equations from: Luciano Rezzolla, Olindo Zanotti: Relativistic Hydrodynamics, Oxford Univ. Press, Oxford (2013)

A realistic numerical simulation of a twin star collapse, a merger of 
two compact stars or a collapse to a black hole needs to go beyond a 
static, spherically symmetric TOV-solution of the Einstein- and 
hydrodynamical equations.  



The ADM equations

Time evolving part of ADM

Constraints on each hypersurface

Extrinsic Curvature:Spatial and normal projections of the energy-momentum tensor:Three dimensional covariant derivative

Three dimensional Riemann tensor

All figures and equations from: Luciano Rezzolla, Olindo Zanotti: Relativistic Hydrodynamics, Oxford Univ. Press, Oxford (2013)

The ADM (Arnowitt, Deser, Misner) equations come from a reformulation of the Einstein equation using the 
(3+1) decomposition of spacetime.



From ADM to BSSNOK

The 3+1 Valencia Formulation
of the Relativistic Hydrodynamic Equations

Unfortunately the ADM equations are only weakly hyperbolic (mixed derivatives in the three dimensional 
Ricci tensor) and therefore not ''well posed''.  It can be shown that by using a conformal traceless 
transformation, the ADM equations can be written in a hyperbolic form. This reformulation of the ADM 
equations is known as the BSSNOK (Baumgarte, Shapiro, Shibata, Nakamuro, Oohara, Kojima) 
formulation of the Einstein equation. Most of the numerical codes use this (or even better the CCZ4) 
formulation.

To guarantee that the numerical solution of the hydrodynamical equations 
(the conservation of rest mass and energy-momentum) converge to the right 
solution, they need to be reformulated into a conservative formulation. Most 
of the numerical “hydro codes” use here the 3+1 Valencia formulation.  



Finite difference methods

Discretisation of a hyperbolic 
initial value boundary problem.

High resolution shock capturing methods (HRSC methods) 
are needed, when Riemann problems of discontinuous 
properties and shocks needs to be evolved accurately.

All figures from: Luciano Rezzolla, Olindo Zanotti: Relativistic Hydrodynamics, Oxford Univ. Press, Oxford (2013)



Gauge Conditions

On each spatial hypersurface, four additional degrees of freedom need to be specified: 

A slicing condition for the lapse function and a spatial shift condition for the shift vector 

need to be formulated to close the system. In an optimal gauge condition, singularities 

should be avoided and numerical calculations should be less time consuming.   

Bona-Massó family of  slicing conditions:

“1+log” slicing condition:

“Gamma-Driver” shift condition:



Teil III
Inhalte des Teil III:

• How to download and build (compile) the Einstein Toolkit

• How to run a test simulation (static_tov.par)

• Run and visualize (Mathematica or Python) one of the following problems

• Migration of an unstable neutron star to a stable configuration

• Collapse of an unstable neutron star to a black hole

• Collapse of a neutron star to a quark star (twin star collapse)



Das Einstein Toolkit



Das Einstein Toolkit: Download



ET-Download auf dem Fuchs-Cluster



Das Einstein Toolkit: Setup mit SimFactory



Das Einstein Toolkit: Kompilierung



Das Einstein Toolkit: Weitere Informationen

https://www.youtube.com/watch?v=EO4d32ch6OI
https://www.youtube.com/watch?v=p5bq2iUO3DE
https://www.youtube.com/watch?v=MNpyd_o0MT4
https://www.youtube.com/watch?v=Qg6PwRI2uS8
https://www.youtube.com/watch?v=ZW3aV7U-aik


