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1.&Executive&Summary!
The!objective!of!the!Plasma!Science!and!Innovation!Center!(PSI,Center)!is!to!develop!and!
deploy!computational!models!that!simulate!conditions!in!smaller,!concept,exploration!
plasma!experiments.!!The!PSIC!group!at!the!University!of!Wisconsin,Madison,!led!by!Prof.!
Carl!Sovinec,!uses!and!enhances!the!Non,Ideal!Magnetohydrodynamics!with!Rotation,!Open!
Discussion!(NIMROD)!code,!https://nimrodteam.org,!to!simulate!macroscopic!plasma!
dynamics!in!a!number!of!magnetic!confinement!configurations.!!These!numerical!
simulations!provide!information!on!how!magnetic!fields!and!plasma!flows!evolve!over!all!
three!spatial!dimensions,!which!supplements!the!limited!access!of!diagnostics!in!plasma!
experiments.!!The!information!gained!from!simulation!helps!explain!how!plasma!evolves.!!
It!is!also!used!to!engineer!more!effective!plasma!confinement!systems,!reducing!the!need!
for!building!many!experiments!to!cover!the!physical!parameter!space.!!The!ultimate!benefit!
is!a!more!cost,effective!approach!to!the!development!of!fusion!energy!for!peaceful!power!
production.!
The!supplemental!funds!provided!by!the!American!Recovery!and!Reinvestment!Act!of!2009!
were!used!to!purchase!computer!components!that!were!assembled!into!a!48,core!system!
with!256!Gb!of!shared!memory.!!The!system!was!engineered!and!constructed!by!the!
group's!system!administrator!at!the!time,!Anthony!Hammond.!!It!was!successfully!used1!by!
then!graduate!student,!Dr.!John!O'Bryan,!for!computing!magnetic!relaxation!dynamics!that!
occur!during!experimental!tests!of!non,inductive!startup!in!the!Pegasus!Toroidal!
Experiment!(pegasus.ep.wisc.edu).!!Dr.!O'Bryan's!simulations!provided!the!first!detailed!
explanation!of!how!the!driven!helical!filament!of!electrical!current!evolves!into!a!toroidal!
tokamak,like!plasma!configuration.!
2.&Summary&of&Activities&
In!late!2009,!when!the!supplement!was!proposed,!the!intent!was!to!use!the!funds!to!
purchase!two!eight,core!workstations!with!32!Gb!of!memory!each.!!By!the!time!that!the!
award!was!received,!it!became!evident!that!a!much!more!powerful!system!could!be!
constructed!with!the!same!funds,!so!we!purchased!four!12,core!AMD!Opteron!Magny,
Cours!processors,!16!Kingston!16!Gb!memory!chips,!a!SuperMicro!1U!rack!server!unit,!and!
other!components!needed!to!construct!a!48,core!parallel!server!with!a!large!amount!of!
shared!memory.!!Our!system!administrator!was!able!to!assemble!the!components!and!have!
the!system!operational!soon!after!purchasing!all!components.!!Initially,!cooling!in!the!rack!
unit!was!a!problem.!!One!of!the!four!processors!was!located!downwind!of!the!other!three,!
and!its!measured!temperature!would!exceed!safe!operating!conditions!when!all!four!
processors!were!in!continuous!use.!!This!was!remedied!by!finding!a!rack!location!below!an!
open!gap!and!by!providing!additional!ventilation!to!the!processors.!
The!simulations!that!were!performed!on!the!computer!system!made!a!major!contribution!
to!the!Pegasus!experimental!program,!and!the!results!are!still!used!today.!!They!were!
presented!at!plasma!science!conferences!and!are!published!in!the!two!journal!articles!cited!
in!Section!3.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1A!number!of!these!large,scale!simulations!were!needed!for!the!study,!and!O'Bryan!also!used!
resources!at!the!National!Energy!Scientific!Research!Computing!Center.!
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Over!time,!aspects!of!the!system!have!deteriorated,!and!when!it!was!last!booted!
approximately!two!years!prior!to!the!preparation!of!this!report,!its!capability!for!
performing!parallel!computations!had!become!significantly!degraded.!!Being!seven!years!
old!and!not!competitive!with!modern!systems,!its!components!no!longer!have!appreciable!
value.!
3.&Products!
Journal!publications!on!simulation!results!computed!with!the!48,core!system:!
1. J.!B.!O’Bryan,!C.!R.!Sovinec,!and!T.!M!Bird,!“Simulation!of!Current,Filament!Dynamics!

and!Relaxation!in!the!Pegasus!Spherical!Tokamak,”!Physics!of!Plasmas!19,!080701!
(2012).!

2. J.!B.!O'Bryan!and!C.!R.!Sovinec,!"Simulated!flux,rope!evolution!during!non,inductive!
startup!in!Pegasus,"!Plasma!Physics!and!Controlled!Fusion!56,!064005!(2014).!

Conference!presentation!on!simulation!results!computed!with!the!48,core!system:!
1. J.!B.!O'Bryan!and!C.!R.!Sovinec,!"Simulation!of!current,filament!dynamics!and!relaxation!

in!the!Pegasus!ST,"!presentation!NP8.00069,!Bull.!Am.!Phys.!Soc.!57,!No.!12,!54th!
Annual!Meeting!of!the!APS!Division!of!Plasma!Physics,!Oct.!29,Nov.!2,!2012,!Providence,!
Rhode!Island.!

2. J.!B.!O'Bryan!and!C.!R.!Sovinec,!"Simulation!of!current,filament!dynamics!and!relaxation!
in!the!Pegasus!ST,"!presented!at!the!2013!International!Sherwood!Theory!Conference,!
April!15,17,!2013,!Santa!Fe,!New!Mexico.!

3. J.!B.!O'Bryan!and!C.!R.!Sovinec,!"Simulation!of!current,filament!relaxation!and!dynamics!
in!the!Pegasus!ST,"!presentation!JO4.00003,!Bull.!Am.!Phys.!Soc.!58,!No.!16,!55th!Annual!
Meeting!of!the!APS!Division!of!Plasma!Physics,!Nov.!11,15,!2013,!Denver,!Colorado.!

4. John!O'Bryan,!"Simulation!of!flux,rope!evolution!and!relaxation!during!non,inductive!
startup!in!the!Pegasus!ST,"!selected!plenary!talk!at!the!2014!International!Sherwood!
Theory!Conference,!March!24,26,!2014,!San!Diego,!California.!

4.&Computer&Modeling!
A!description!of!the!hardware!purchased!through!this!supplemental!grant,!and!used!for!the!
simulations! of! non,inductive! startup,! is! provided! in! Section! 2.! ! Detailed! derivations! and!
analysis!of!the!model!used!for!the!simulations!are!published!in!the!following!peer,reviewed!
journal!articles:!
1. C.!R.!Sovinec,!A.!H.!Glasser,!T.!A.!Gianakon,!D.!C.!Barnes,!R.!A.!Nebel,!S.!E.!Kruger,!D.!D.!

Schnack,! S.! J.! Plimpton,! A.! Tarditi,! M.! Chu,! and! the! NIMROD! Team,! “Nonlinear!
Magnetohydrodynamics! Simulation! using! High,Order! Finite! Elements,”! Journal! of!
Computational!Physics!195,!355!(2004).!

2. C.! R.! Sovinec,! J.! R.! King,! and! the! NIMROD! Team,! “Analysis! of! a! Mixed! Semi,
Implicit/Implicit!Algorithm!for!Low,Frequency!Two,Fluid!Plasma!Modeling,”!Journal!of!
Computational!Physics!229,!5803!(2010).!

!
Appendix&
Because!this!supplemental!grant!was!used!for!equipment!purchase,!receipts!are!included!in!
the!following!pages.!!!
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