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Overview of Recent DIII-D Experimental Results  
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DIII-D Research Contributes to Solutions of ITER Issues,  

Advanced Scenario Development  and Basic Fusion Science 
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Plasma Response to Resonant Magnetic Perturbation (RMP) 

Fields Affects q95 Window for ELM Suppression 

• ELM suppression                   

window shifts to                       
higher q95 with                            

higher N 

• Largest q95 

window for ELM                         

suppression at                      
intermediate N 

• Resonant 
response of 

pedestal Te also 

seen during q95 
scans with RMP 

ELM suppression 

O. Schmitz, S. Mordijck this session,    

Posters Tues pm
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QH-mode Operating Space Extended With Co-NBI and to 

Low NBI Torque Regimes With Non-Resonant Fields   

• QH-mode with    

co-NBI extended 
to available 

beam pulse 

- Co-directed 

Vrot high 

- Prad low 

• Torque from 
predominantly 

non-resonant 
magnetic fields 

extends QH-

mode to low NBI 
input torque 

regimes 

– NTV theory 

A. Garofalo, Z. Yan, this session 

Posters Thurs am

QH-mode

QH-mode
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Multiple Schemes for Rapid Plasma Shutdown and Runaway 

Electron Mitigation Were Demonstrated and Compared 

• He MGI particle 

assimilation 
optimized at 

~2 ms in DIII-D 

• Shattered D2 

pellet provided 

very rapid TQ 
and high ne 

• Large shell 
pellets 

penetrated 

through DIII-D 
plasma 

• RMP fields (n=3) 
de-confine 

runaway electron 

beams 

E. Hollmann, Post Deadline Invited Friday am 

N. Commaux, Oral  Thurs pm, V. Izzo this session

Short (1-2 ms) pulse MGI 

Long (10-15 ms) pulse MGI 
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Detailed Particle Balance Showed Large Wall Uptake in 

L-mode and Very Low Uptake in H-mode 

• Low wall uptake 

in H-modes with 
ECH or NBI 

• ITER tritium 

retention 
estimates may 

be reduced 

• Static and 

dynamic particle 

balance 
methods agree 

– ECH H-mode: 

within ±5% 

– NBI H-mode: 

within ±12%  

S.L. Allen this session
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Factor of 4 Variation of * in DIII-D and JET Shows Essentially 

No Dependence of Pedestal Widths on * 

• Fits of widths in N give weak inverse dependence on * 

– Much weaker and in opposite direction than ( *)
1/2 or 

( *)
1 as predicted by several theories 

• Potentially good news for ITER scenarios with small * 

T.H Osborne this session

M.A. Beurskens, 

T.H. Osborne et al., 

PPCF (2009)
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Plasma Startup at Low ITER-like Voltage and ITER 

Rampdown Scenarios Demonstrated 

• Low voltage (VL=3V, ET=0.3 V/m) startup 

with ITER geometry and ECH assist 
demonstrated 

• ITER scenario rampdown demonstrated 

– H-L transition without disruption 

– DINA simulation validated  

G. Jackson Invited Thurs am,  

P. Politzer Oral, Thurs pm, J. Leuer this session
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Systematic Variation of ne, Te, and Ti Profiles Seen at Fixed N 

with qmin and q95 Variation in Advanced Tokamak Scenarios 

• Fully relaxed averaged 

profiles   

T. Luce Review Mon am 

C. Holcomb this session

q95 q95 

4.5 6.8 

qmin 2 136837 136835 

qmin 1.1 136854 136853 
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Systematic Variation of ne, Te, and Ti Profiles Seen at Fixed N 

with qmin and q95 Variation in Advanced Tokamak Scenarios 

• Fully relaxed averaged 

profiles   

• As q95 reduced:  

– Higher ne, Te, and Ti 

– Lower fbs 

• As qmin reduced:  

– ne higher and more 
peaked 

– Te more peaked 

– Improved stability 

– Ti lower 

T. Luce Review Mon am 

C. Holcomb this session

q95 q95 

4.5 6.8 

qmin 2 136837 136835 

qmin 1.1 136854 136853 
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• Probe rotating H-mode plasmas with externally 
applied n=1 fields 

• For N < 1.7 ideal MHD models (MARS-F, IPEC) 

predict the perturbed field to within 20% 

– Good agreement found at multiple poloidal 

and toroidal locations 

• For higher N , non-ideal effects modify response 

– Plasmas remain stable above the ideal MHD  

no-wall stability limit  

– Calculated response amplitude diverges near 

marginal stability 

• A validated model of the plasma response to 
external fields is essential for understanding the error 

field threshold, testing magnetic braking theory, etc.  

Linear Ideal MHD Theory Describes Measured n=1 Plasma 
Response for Values of  up to 70% of No-wall Stability Limit 

… but ideal theory fails at higher N  

M. Lanctot this session
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ECH Used to Modulate Local Value of Te and a/LTe to Isolate 

and Test Electron Mode Physics in Turbulence Simulations  

• Isolates and tests electron 
mode physics  

– Electron modes (TEM 
and ETG) dominate 
ITG modes 

• Multiple broad k-range 

fluctuation fields show 
complex response that 
will constrain simulations 

• Predicted variation of ne-
Te cross phase validated 

by measurements 

J . DeBoo, Invited Tues pm 

J. Candy, Invited Mon pm

NBI 

NBI+ 

ECH 

=0.67 



M E Fenstermacher   

Thrust 1 YearEnd Rev 10/29/09 5:52 PM     14 NATIONAL FUSION FACILITY
S A N  D I E G O

DIII–D M.E. Fenstermacher, LLNL@DIII-D  

51st APS-DPP, Atlanta, Nov 2009  

10/29/09 17:52       14 / 14 

Evidence Found for Increased Torque in 1/  Regime in 

Agreement with Neoclassical Toroidal Velocity Theory 

• Torque from non-

resonant fields 
deduced from input 

NB torque required 
to hold rotation 

constant 

• Magnitude of 

torque peak in 1/  
regime similar to 

theory 

• Width of torque 

peak larger than 
predicted  

– Theory 
development 
in progress 

W. Solomon Invited  Weds am 

Posters Thurs am
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Talks In This Session Present DIII-D Research Supporting 

ITER, Steady-State High Performance and Fusion Science 
• Enable the success of ITER by providing physics solutions to key physics issues 

– S. Allen  CO4.02 : Particle Control and Carbon Transport Experiments on DIII-D 

– O. Schmitz  CO4.03 : Observations of Thermal Transport Enhancement in Stochastic 
  Boundary Experiments at DIII-D and TEXTOR 

– S. Mordijck  CO4.04 : Correlation Between Density Pump-out and Free Streaming Particle 
   Transport in Low Collisionality Resonant Magnetic Perturbation H-modes 

– T. Osborne  CO4.13 : Scaling of H-mode Pedestal and ELM Characteristics With Gyroradius 

– A. Garofalo  CO4.15 : QH-Mode Plasmas with Rotation Driven by Static Non-axisymmetric Fields 

• Develop the physics basis for steady-state operation in ITER and beyond 

– C. Holcomb  CO4.05 : Dependence of Bootstrap Current, Stability, and Transport on the 
  Safety Factor Profile in DIII-D Steady-state Scenario Discharges 

– M. Lanctot  CO4.06 : Global Structure of a Stable, Driven Kink Mode: DIII-D Measurements 
  and Model Validation 

– V. Izzo  CO4.10 : Studies of Runaway Electron Confinement in MHD Disruption Simulations 

– J. Leuer  CO4.11 : Solenoid-free Startup of DIII-D 

– C. Challis  CO4.12 : Identity Experiments in the Hybrid Regime on DIII-D and JET 

• Advance the fundamental understanding of fusion plasmas along a broad front 
– R. Pinsker  CO4.07 : Synergy in Two-Frequency FW Cyclotron Harmonic Absorption in DIII-D 

– J. Hillesheim  CO4.08 : Measurements of Spatial Structure of Geodesic Acoustic Modes in DIII-D 

– M. Austin  CO4.09 : Heat Transport in Off-axis EC-Heated Discharges in DIII-D  

– Z. Yan  CO4.14 : Pedestal Density Fluctuations During Quiescent and ELMing 
  H-mode  Plasmas 
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DIII-D Review and Invited Talks (Posters in Sessions Following 
Talks) and Contributed Orals At This Meeting  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


