o N

Constrained Evolution of Black Hole
Spacetimes

Matthew Anderson and Richard Matzner

Center for Relativity

University of Texas at Austin



Mot vation

Major Experimental Initiatives to Measure Gravitational Radiation:

Images:

LIGO — http://www.ligo.caltech.edu/

GEO 600 — http://www.geo600.uni-hannover.de/
VIRGO — http://www.virgo.infn.it/

Not shown:

TAMA 300 — http://tamago.mtk.nao.ac.jp/
LISA — http://lisa.jpl.nasa.gov/
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Numerical Approach

-

Einstein equations, G = 0, consist of:

# 4 elliptic equations £ constraints: Go = 0
E & M analogy:

r B=20 r E=0

® 6 hyperbolic equations: Gj = 0
E & M analogy:

@B =r E @QE=r B
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Code Setup

PVODE
SUNDIALS

™~ d

Constraint solver Time integrator

Grid management and Mesh Re nement

PETSc: http://www-unix.mcs.anl.gov/petsc/petsc-2/
SUNDIALS: http://www.lInl.gov/CASC/sundials/
SAMRAI: http://www.lInl.gov/CASC/SAMRAI/
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Code Setup

KINSOL
SUNDIALS

PVODE
SUNDIALS

Constraint solver Time integrator

Grid management and Mesh Re nement

1/O:

varallel HDF5 Visualization:

ChomboVis

http://hdf .ncsa.uiuc.edu/HDF5/ http://seesar .lIbl.gov/anag/chombo/c hombo vis.html
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Scaling

Full 3+1 Constrained Evolution
Scalability

o o—o Jdeal |
= =—& Measured

1] 816 32 A 128 256
Number of Processors
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Constrained vs Unconstrained Example
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Hamiltonian Constraint Momentum Constraints

Full 3+1 simulations Full 3+1 simulations
| | | | | | T | | '2 T | | | | | | | T |
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Mesh Re nement via SAMRAI
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Mesh Re nement via SAMRAI
- -




Mesh Re nement via SAMRAI
- -

(R
B
Ln

]
=
|
IS
|
|

— Momentum - x| |
- — Momentum - y| H

- Momentum - z

— Constrained =
— Unconstrained

,_
=
I

%)
|
r

&
.2 Norm Momentum Constraint
| [

-
I3

==

o
|
|

L2 Norm Hamiltonian Constraint

| | | | | | | | | | 1 1 | | | | | | | 1 | |
%0 50 100 150 200 250 300 %0 50 100 150 200 250 300
Time (M) Time (M)

Thursday, 22 July 2004 - p.10/20



Challengesto simulating a black hole
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Every black hole contains a singularity...so remove lIt.

i i




Challengesto simulating a black hole

| .

Jagged excision surfaces affects solution:




Overlap Grids
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Overlap Grids
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Overlap Grids

| .

Result: No more jagged features near the mask:




BoostedHoles
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BoostedHoles



Acknowledgements

o N

Special Thanks to:

The Krell Institute and Annual Conference Organizers
The SAMRAI Team

The SUNDIALS Team

The PETSc Team

Elijah Newren

o |

Thursday, 22 July 2004 —p.20/20



	Motivation
	Numerical Approach
	Code Setup
	Code Setup
	Scaling
	Constrained vs Unconstrained Example
	Mesh Refinement via SAMRAI
	Mesh Refinement via SAMRAI
	Mesh Refinement via SAMRAI
	Challenges to simulating a black hole
	Challenges to simulating a black hole
	Overlap Grids
	Overlap Grids
	Overlap Grids

