
  

Magnetic Fusion Simulations at NERSC Advance Fusion Research 
In pursuing the potential of fusion energy, experimentalists try to understand precisely what is going on 
inside the fusion plasma so they can tune the system to improve the conditions that would lead to a 
sustained reaction. If the temperature can be kept high enough and the energy contained, net power can be 
produced. But determining exactly what is happening inside a fusion plasma is very difficult 
experimentally. A conventional probe inserted into the hot plasma is likely to sputter and contaminate the 
plasma, leading to a loss of heat. Non-intrusive diagnostics only measure the edges of the plasma, 
requiring scientists to try to deduce the conditions and the magnetic field structures in the interior of the 
plasma. 

Using supercomputers to create detailed simulations of fusion plasmas is another method for “seeing” 
what is happening inside the plasma.  

By running the NIMROD fusion code on DOE’s National 
Energy Research Scientific Computing Center’s (NERSC) 
IBM supercomputer “Seaborg” at Lawrence Berkeley 
National Laboratory, scientists working on the Sustained 
Spheromak Physics Experiment (SSPX) at Lawrence 
Livermore National Laboratory have achieved simulations 
which are very close to the observed results from actual 
runs on SSPX. These results give the researchers 
confidence in the accuracy of the simulations and 
increased understanding of the physics in the spheromak.  

“These simulations are very important for supporting our 
experiments,” said LLNL’s Bruce Cohen, a member of the 
SSPX collaboration led by Carl Sovinec of the University 
of Wisconsin-Madison. “The experimental team has been 
upgrading the capacitor bank used to drive the reactor, and 
our simulations confirm how careful tuning of the current 
pulses can improve plasma performance, such as 
achieving higher temperatures.” 

Although the physical spheromak design is simple, its dynamo activity produces plasma behavior that is 
extremely complex and more difficult to predict and control than that found in tokamaks, the most 
common approach to magnetic fusion. The SSPX is a series of experiments designed to determine the 
spheromak’s potential to efficiently create and confine hot fusion plasmas. 

“How high a temperature you can achieve and how well you can hold that heat in the plasma are two of 
the key points on the short list of things you want to understand and optimize in a fusion device,” Cohen 
said.  

With recent changes to their code, the Wisconsin-LLNL collaboration has created simulations with 
temperature histories measured in milliseconds that are closer to the temperature histories observed in 
experiments. This follows the group’s prior success in simulating the magnetics of the experiment. 

“We really need supercomputer resources to do these kinds of simulations, which involve massive 
calculations,” Cohen said. Although the simulations cover only four milliseconds in physical time, there 
are 105 time steps involved in the simulations. As a result, the group ran each of their simulations in 50 to 
80 shifts of 10 to 12 hours each on Seaborg, consuming more than 30,000 processor hours in each 
complete simulation; and multiple simulations were needed.  

A technician adjusts the high-voltage lines 
that initiate the plasma in the SSPX. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


