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Matzner, Hug, Shoemaker, 1998

Background: “Binary Kerr-Schild”

+ Kerr-Schild metricis
ds® = N dat da” + 2H ()11, da* dz”,
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Constraint Equations

~

+ Define background Gijnd K.

‘Z.J

+ Then solve the constraint equations....

)’ = V4 Pl - 2Vt
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...Solve for ¢, w numerically via
3




Background and Constraint Solution

--- gxx_back
J— gxx_solvcd_

--- Kxx_back
| — Kxx_solved
Kyy_back
Kyy_solved
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o gxx_solved

--- Kxx_back
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Binding Energy

Ey = Mapy — (Mapr + Mapo)

+Contribution due to spin is... (Wald 1972)

(§.§'—3(§-ﬁ)(§'-ﬁ))
Eb:— d3




S.H. Hawley, M.J. Vitalo, R.A. Matzner, qr-qc/0604100 (2006)
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Problem: Dependence on separation d:
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« BE vs. separation graph (above) was not showing 7/d dependence as d increase
» Possible problems:

* Domain / separation too small.

 Insufficient resolution
« Code was unigrid. Worked on adding FMR, MPI & OpenMP from 2006 on...




+ Even with AMR, BE values were erratic for large separations.

+ Realized that truncation error on coarse grid near ADM Mass
integration surface was swamping BE values.




Toward Higher Accuracy

. Put a“shell” of finer grids near outer boundary.

«  Code not designed to load-balance well for such a configuration*

. Higher resolution everywhere

« Existing code, bigger grids, more memory. NICS Nautilus for shared RAM --
Physics Undergrad: Lindsey Thompson
« Thanks to Pragnesh Patel, NICS.

. Greater parallelism: Merge with Cactus/Carpet --CS Undergrad:

Grayson Carroll
« *will also allow for “shell” FMR grids, make constraint solver usable by any

Cactus user
« Code: "BRUISER". Background solver already available

. Higher order difference stencils
« Implementing 4th order accurate excision scheme of Natchu & Matzner --
Physics undergrad: Chris Olfers




Involving Undergrads

+ Typical “teaching” college, e.g. Belmont
+ Teaching load: 24+ hrs per year
+ 2 or 3 physics majors per graduating class

+ No grad students / postdocs

+ Students typically start calc-based physics in sophomore year.
E&M, Analytical Mech., Diff. Eq. in junior or senior year.




Areas for UGR Contributions

+ Assume you have a working code... ;-)

+ Parameter space surveys

+ “What if” scenarios. Tap in to students’ creativity. Let them
design & discover

+ Creating tutorials for the next student(s)

+ Simple “upgrades”




Guidelines for UGR

+ Projects: Only one semester long
+ Very well-defined,
+ Frequent meetings

+ Easy, simple user interfaces
+ Scripts to automate

+ e.g., simfactory
4+ Letthem see the results

+ Lessons from Apple’ s MaciIntosh, Cactus HTTPd Thorn...




MNetscape: Cactus Downloadable Files
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Involving Undergrads
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"BRUISER": Belmont
Research for
Undergraduates
Studying Einstein’s
Relativity.

Future work: Collaborations:  "Bruiser the Bruin”
*Developing user interfaces

*Doing runs: parameter surveys, tests
*“Playing” with code: education / inspiration




