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Moti 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: G0� = 0
E & M analogy:

r � B = 0 r � E = 0

6 hyperbolic equations: Gij = 0
E & M analogy:

@tB = �r � E @tE = r � B
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CodeSetup

SAMRAI

PVODE
SUNDIALS

PETSc

Constraint solver Time integrator

Grid management and Mesh Re�nement

PETSc: http://www-unix.mcs.anl.gov/petsc/petsc-2/

SUNDIALS: http://www.llnl.gov/CASC/sundials/

SAMRAI: http://www.llnl.gov/CASC/SAMRAI/
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CodeSetup

SAMRAI

PVODE
SUNDIALS

KINSOL
SUNDIALS

Constraint solver Time integrator

Grid management and Mesh Re�nement

I/O:
parallel HDF5

Visualization:
ChomboVis

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

Thursday, 22 July 2004 – p.5/20



Scaling
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Constrainedvs UnconstrainedExample
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MeshRe�nement via SAMRAI
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MeshRe�nement via SAMRAI
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MeshRe�nement via SAMRAI
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Challengesto simulating a black hole

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

Jagged excision surfaces affects solution:

Thursday, 22 July 2004 – p.12/20



Overlap Grids
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Overlap Grids
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Overlap Grids

Result: No more jagged features near the mask:
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BoostedHoles

Thursday, 22 July 2004 – p.16/20



BoostedHoles
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BoostedHoles
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BoostedHoles
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