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 Dual-band long wavelength broadband density turbulence observed in
ELMing H-mode plasmas
- Modulated with ELM cycle; modes propagating in opposite poloidal directions

- Lower frequency band (50-150 kHz) dynamics correlate with pedestal electron
pressure evolution

- Lower frequency band exhibits KBM like features: propagating in the ion
diamagnetic direction in the plasma frame; decorrelation rate exceeding
ExB shearing rate

 High Frequency Coherent Modes (HFC) are observed in ELM-free Quiescent
H-mode (QH) plasma
- Mode localized to the pedestal region

- KBM like features: mode frequency close to 0.2-0.3 ion diamagnetic frequency;
propagating in ion diamagnetic direction in the plasma frame; mode decorrelation
rate exceeding ExB shearing rate, medium-n structure (n=10-25)

 Turbulence enhancement during RMP ELM-suppressed plasmas

- Turbulence enhancement varies radially with significant enhancement in core and
modest response at pedestal

- RMP-turbulence exhibits fast few ms temporal response to RMP modulation near
r/a=0.8, and ~10 ms deeper in the core
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Density Fluctuation Builds Up Quickly after ELM Crash at Low p*

(0.4%) and Slower at High p*(0.8%) in ELMing H-mode Plasmas

- p*is scanned by a factor of 2 while keeping the other dimensional 0o\ 10
parameters at the pedestal top constant ) I |

- Two bands of fluctuations 1) 50-150 kHz, 2) 200-400 kHz propagate in |
different direction (i.e., e/i diamagnetic drift)
- Different underlying instabilities?

* At p*~0.4% density fluctuation saturates in a few ms .-
« At p*~0.8% density fluctuation saturates >10 ms [—
« Higher frequency band fluctuation does not change significantly with time

* ky~0.3 cm-'for 100 kHz at r/a~0.95 for p*~0.4%
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Low Frequency Band Turbulence Dynamics

Consistent with Pedestal Eleciron Pressure Evolution

e Pedestal electron pressure time evolution correlated with low
frequency band (50-150 kHz) turbulence time evolution at p*~0.4%
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Two Modes Propagate in Different Directions

in Plasma Frame

* Dual bands do not individually match ExB velocity

- Dual bands propagate in different direction in the plasma frame at
fraction of diamagnetic velocity
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Decorrelation Rate Exceeds ExB Shearing Rate

 Decorrelation rate decreases at later time in the ELM cycle

- Does this decrease in the growth rate suggest turbulence saturation mechanism
other than equilibrium ExB shearing rate?

- Need more sets of data and studies before drawing a conclusion

e Similar regime predicted for KBM that the growth rate of KBM will exceed
ExB shearing at high pressure gradient

() Decorrelation rate
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No Dependence of Radial Correlation Length on p*

* Radial correlation length for lower frequency band fluctuation (50-150 kHz)
has no dependence on p*

* Poloidal correlation length has a little dependence on p*

e M.N.A Beurskens et al., showed that the pedestal width has no or weak
dependence on p* [l
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High Pedestal Pressure Quiescent-H mode Discharges

Exhibit High Frequency Coherent Modes

Pedestal Stablllty Diagram
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P. Snyder

High frequency coherent (HFC) modes peaking
~150 kHz appear when EHO disappears

Transition from EHO to HFC occurs as electron

pedestal pressure increases

Pedestal pressure saturates when modes appear

HFC modes disappear at ELMs and rapidly reappear

after

EHO: n~1-3 — magnetics

HFC mode: n~20 — (inferred from k; measurements

and ELITE mode structure comparisons)
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High Frequency Coherent Modes: k,~0.17-0.4 cm-!

e ky~0.17-0.4 cm', somewhat lower than ITG mode
e Dominant toroidal mode number n~19

* Not shown in the magnetic probe measurements
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Mode Propagating in the lon Diamagnetic Direction

in the Plasma Frame

* Mode frequency separation (An=1) compared with calculated separation

* Intrinsic mode frequency ~0.2-0.3 times ion diamagnetic frequency
consistent with the KBM predicted frequency
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Mode Decorrelation Rate (1/x.) Comparable to

ExB Shearing Rate in the Edge Barrier

* High ExB shearing rate expected to quench ITG, TEM
* At high pedestal pressure gradient KBM expected to be driven unstable

 HFC 1/x_. comparable to ExB shearing rate at the edge barrier

- Similar regime as KBM that the high growth rates can exceed ExB shear and
potentially saturate pressure gradients

Typical ExB shearing
rate in edge barrier
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Broadband Turbulence Increases During ELM

Suppression via Resonant Magnetic Perturbations (RMP)

, , Long-Wavelength Fluctuations
Typical RMP ELM-Suppressed Discharge: Megosured wi’r% 2D BES Array
lP=1.55 MA, Br=1.9T, 95=3.6, Pny=8 MW | | S |
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Broadband Fluctuation Amplitude Increase Most

Pronounced at Outer Core When RMP Applied

e Pedestal region (0.9 <r/a < 1.0) exhibits modest ¢
increase in amplitude «
K]
e Core fluctuations (r/a<0.9) exhibit dramatic g
increase during RMP E
- Spectral structure of turbulence also changes:
fluctuations extend to high wavenumber
* No change near q=3/2 surface, r/a=0.6 2
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Modulated I-Coil Pulses Applied to Examine

Turbulence and Density Profile Response

* RMP from 4 kA |-Coil results in full ELM suppression Do bursts
- Modulation depth limited to 2 kA by high-speed (SPA) power supplies
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Turbulence Response Time to RMP Modulation

Varies Radially

* Integrated fluctuation amplitudes evaluated at high time resolution
by phase-lock averaging over multiple cycles
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e Nearr/a=0.85, local turbulence responds within a few ms to RMP
e At smaller radii, turbulence response time to RMP increases
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Pedestal Fluctuations Exhibit Complex Response {o RMP
RMP Off
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Resonant Magnetic Perturbations Enhance

Turbulence and Particle Transport

* Turbulence and particle tfransport increase when RMP applied to
H-mode discharges to suppress ELMs

— Significant enhancement to higher frequency fluctuations

* Fluctuation enhancement varies radially
— Significant enhancement for 0.40 <r/a < 1.0

— “Null Radius” near r/a=0.5-0.55 (near g=3/2 surface) with little
fluctuation change with RMP

— Pedestal exhibits modest response, complicated by VP/ELM changes
e RMP-turbulence exhibits fast temporal response (varies radially)

— Response time of few ms near r/a=0.8

— ~10s ms deeper in core

— Not driven by ExB Shear changes

* Increase in turbulence at outer regions (r/a=0.8-1.0) consistent
with direct effect of RMP on turbulence (causing transport?)

— Mechanism unidentified

THE UMIVERSITY

Dii-b WISCONSIN

NATIONAL FU.
A

Z. Yan IAEA Fusion Energy Conference, Daejeon, Korea, Oct. 2010




<<
  /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


