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Motivation

Electron thermal transport in fusion plasmas remains anomalous

Understanding this “scientific challenge” is important. Validating
transport predictions would provide confidence exirapolating to
“next-step” devices.

Potential causes of anomalous electron transport
- Low/Intermediate - k turbulence. e.g. ITG, TEM, etc.

- Magnetic turbulence

- Short-wavelength turbulence. ETG modes originate at large
wavenumbers but may exist over a broad wavenumber range (10-
100 cm-') and are predicted to drive electron transport

Microwave backscattering is able to probe ETG scale turbulence on
DIlI-D and is well-suited to ITER and other fusion devices




Collective Scattering Principles

Momentum Matching and Energy Conservation Require:

I—(i+|—(w=|—(s

(l)i+(1)w=(l)s

Where: k, = Incident wavevector
k, = Scattered wavevector
k,, = Probed wavevector

For | k| = | k]| :
Bragg Eqn.

k,, = 2k; sin(6/2)

Ak = 2/w,

Where: 0 = Scattering angle

w, = Incident beam waist

Ak = k-resolution for forward
scattering

p
Backscattering means 6 ~ 180° k,, = 2k;, and Ak << 2/w,

. We use: k; =20 cm-! giving k, =40 cm' , Ak <1 cm"!




96 GHz Launch and 2f__ Layer Beam Dump

The 2f__ layer is used as a
beam dump for the incident
beam as well as forward
scattered radiation allowing
us to clearly identify
backscattering from
turbulent high-k fluctuations
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Microwave Hardware

Gunn oscillator + isolator

Coupler Attenuator Circulator
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 Attenuator utilized to compare background
ECE with backscattering + ECE.

« Waveguide twist employed to “match”
polarization to edge magnetic field.

IDNAL FUSION FACINTY

Incident and scattered
radiation are coupled via
monostatic horn/lens
combination




Installed System

ECH Waveguide




Scattered Radiation is Observable Above ECE

Background and Behaves Qualitatively as Expected

Intermittent bursts are due to increasingly larger
avgerage power neutral beam “blips” changing profiles
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Field Line Pitch Angle Strongly Affects Scattering

Measurements

For the turbulent fluctuations
being considered, A, is
large, k, LB

P
~  mmY N

Received scattered power will decrease as ¢ increases, where ¢ is the angle
between k. and the plane normal to B. In general, ¢ is a function of position
(z) along the incident ray path.

[ P.(1) = f(ko,ﬁ<z,r>,¢<z,r>)]




The Pitch Angle Helps Obtain Better Fluctuation

Localization / Plasma Jog

In general, ¢ is a function of position along the
ray, ¢(z). Arigid body shift of the plasma is
carried out in order to continuously vary ¢(z). At
Gap min, matching occurs at outer radii while at
Gap max, matching occurs at inner radii.

Mismatch Along Ray

N W

¢ (degrees)

05 06 07 08 09 10
p (poloidal flux coordinate)




Rigid Body Shift Leads to a Varying P,

— Scat. Power
---~H,

As the plasma is translated up/down
we change our “viewing” location.
The resultant temporal evolution of
the scattered power is a convolution
of the instrument function w/ n(z).
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Based on where the best
matching is at the time of peak
power, we can qualitatively

estimate where n(p) peaks.
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The Resultant P, 4(1) is a Convolution of Mismatch

Angle and Fluctuation Distribution Along Ray

The scattered power is related to the fluctuation
distribution along the ray path according to:

2 %

PSCCUI (t) x

f n(z,t) exp(—(koao sin(¢(z, t)))z)cos(zkoz(cos(qb(z, t)) - l))dz]

- P,.#(f) is a measured quantity, and ¢(z 1) is available from EFIT
(Equilibrium Reconstruction)

- If we approximate n as n(p) in the region considered, it can be
extrapolated onto ray-path and n(p) can be de-convolved from P__;(t)

- In order to do the de-convolution many methods were investigated,
however, a Genetic Algorithm was settled upon due to its relative
insensitivity to local minima.

* Derived from R.E. Slusher and C.M. Surko, Phys. Fluids 23, 472 (1980)




What is a Genetic Algorithm?

GAs (Genetic Algorithms) are a class of algorithms inspired
by the mechanisms of genetics which can be applied to
global optimization or many such problems in which there is
a defined “fithess” or measure of performance.

Examples of GA Applications

GAs have been used in a variety of fields,
from Plasma Physics to Hollywood animation ﬂﬁgiﬁﬁ %W

Stellerator magnet design

Evolutionary Modeling KE ﬁg ﬁﬁﬁ k L@'W

Neural Network Optimization

DNA analysis ﬁﬁ%ﬁtﬁ ?}o ) /%W

Electronic circuit design
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A Trivial Example: Try to Guess O =[1,3,5,7]

Create a population of N guess vectors (chromosomes): G;, i=1...N

l

Evaluate the “Fitness” (F) of each guess: F‘1 = E (O -G )2
' i\ Ji

“Breed” the population to create a new population of N individuals,
where partners are randomly selected but with a probability (P;) in

proportion to their fitness: P Fl,
i S, 1 i
l

The “Offspring” are formed by randomly taking components (genes)
of G, from each “parent”.**

For each offspring, randomly (but with a low probability of
occurrence) “mutate” a component of G; to a new value.

Go to Step 2 and Repeat until some individuals fulfill requirements on F




A Genetic Algorithm for Deconvolving n(p)

1. Create a N (typically 1000) member population of
n(p) evaluated at M (typically 100) fixed p values.

2. Using ¢(z,t) calculated from EFIT and each n,(p),

interpolate onto ray path and perform P, integral
at each timestep of jog, generating P, 4(1).

P_ (1) «a [ f ﬁ(z,t)exp(—(koao sin(qb(z,t)))z)cos(Zkoz(cos(qb(z,t))—1)) dzr

3. Evaluate fitness (F;) by least-square comparison of
Pscaﬁ(f) to actual Pmeas(f)-

4. Breed and evolve n(p) until P, 4(1) = P,,qs(1)-




Genetic Algorithm Results

- Theoretical P, (1) and n(p)

As the population evolves, n(p) is
found to peak outside of p > 0.9.
The avg. of the top 5 members from £
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Genetic Algorithm Results (cont.) - final n(p) shows

strong localization atp > 0.9
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Consistent with B, scan that localized the turbulence to p > 0.75

Consistent with simple plot shown of P_..(1) vs. Position of best
matching.

This is the region in which the gradients are the largest, i.e.T_ & n

e.

Preliminary GKS calculations show largest growth rates near the
outer radii.




Conclusions and Future Work

O Two mm-wave backscattering systems have been installed on
DIlI-D that are capable of observing turbulence in the range of
k = 30-40 cm-! such as that expected of ETG (Eleciron
Temperature Gradient) modes.

O First measurements of the spatial distribution of ETG scale
turbulence have been obtained

O The radial distribution of 30-40 cm-! turbulence has been
observed to be highly peaked at p > 0.9 in an Ohmic L-mode

plasma

Future work will include comparison to stability code predictions,
extensions of this method to other plasma shapes as well as H-
mode plasmas, and several hardware upgrades.





<<
  /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 1.2
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


