. . Modeling Gravitational Collapse:
AMR, Nonlinear Wave Equations o D © I Les
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and Relativi * Tendency for “good” results to appear only

above some minimum resolution

sons Learned:

 Visualization and control over data important

* Small turn around time needed

 Previous work in 1D and 2
- 1D spherical symmetry
- 2D axisymmetry

(\ [ g 8~ It's hard|

he Move to 3D GR The Nonlinear Sigma Model What happens between
« Map from Minkowski (3+1) to target manifold (SA3) small and large?

. ¢ Symmetr K 0(4) > SO(3) o
¢ Get a handle on - meterize initial data: ;.
q ' Sl o 215 * Map satisfies: 2(r,0)
and visualization model in 3 .
* NO gravity Z(r0)=0
Lots to explore:  Choose hedgehog
Singularity excision within horizon ¥ in @sin @
— Different formulations & differencing
— Interesting matter sources: — A, for which energy disperses
* Fluids \ 08 Z(r,1 Tune for threshold
« E&M  Already Known: — Singularity formation f
« MHD small initial data — no singularities “global existence” — Dispersa o

large initial data — forms singularity

Critical Behavior Move 1into 3 Spatial Dimensions Resolving power
* Map satisfies: 9“0 ¢" + l“ ol Ll « Importance of visualization

3D ... pick Cartesian coordinate (ability to zoom in space and time):
Evolution approaches a self similar solution Pick generalized hedgehog: Z(7>1) = Z(x, Y, 2,1)
Critical solution is one of a family of : c
solutions found by

on codimens
etween two basins of attractic .
— Tendency toward more fields

ngle unstable mode t -

L. — More memory/field 1 8kB vs (1 )*3->1GB
from this boundary man ’

K — More operations per point

need more computing power




Distributed AMR
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distribute entire « Vertical SRl
fferent proc’s

* Horizontal

process orchestrates
loop for commands
— Even integer
, forward to implement
refinement ratio
— Restricted to single of grids per pr
parent

for N
processors:

ical near-
— 15-20 levels

al, would like more

for completely
2:1 refinement

bad scaling

good scaling

Flatspace Critical Phenomena
Tune ba i g

singularit
Self-simila

Results in 3D
. * Same, spherically symmetric critical solution

solution appears

Toroidal Initial data

Other Models

...work in [

Other Models: Semilinear Wave Eq.

Other Models: Semilinear Wave Eq. Other Models: Semilinear Wave Eq.
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 Simplest nonlinear wave equations
« Cartesian coordinates
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Other Models: Semilinear Wavi - Other Models: Maxwell Dilaton
Other Models: Semilinear Wa :
=000
.« p=7 : spher. symm., self- spher. 3 Action
« Two initial similar solution
ulse ° re unstable modes
ses 45
pus ic solution : static solution no
longer attractor, but still
on threshold; not clear
what critical solution is
imilar late term
solution

Ideal Distributed AMR Framework? “Grid” based computing Long Term Goal: General Code

q 2 P 2 P Full vitating
Well-documented with readable code * Commonality of uses: + Commonality of o : X
® ek TG ~ Domain decomposition ~ Collection of fields 3D —no assumed spatial symmetr
> e dependenc t . '
! L : = A I I = Ceamiimizs Coupled to Magnetohydrodynamics (MHD)
ell-thought out, ¢ . ~ Relationship to other grids ~ ) §
implemente: ible eta cheel, et a _ Etc (e, time to which Good general coordinates
IR (T ) Resolved (fa waves; near-field: holes): AMR
Robust able for strong field and matter sources
Distributed for supercomputers/clusters — MPI

Good distributed scaling ancels Deals with singulariti

Nice output options — Output fields defined on grid




