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ABSTRACT MEASUREMENT COMPARISONS (contd.)

A programmatic goal of the Joint European Torus (JET) facility in 2009 is to implement an
ITER-like wall, which implies a significant reduction in the amount of carbon present in JET = | e ot
discharges. As a result, carbon charge exchange recombination spectroscopy (CXRS)
measurements (currently the preferred ion temperature and rotation measurements on JET) may be L | o
hindered. The current CXRS system on JET consists of a suite of instruments, simultaneously C e
observing multiple ion species. CXRS measurements of ion temperature and rotation (toroidal and = ——— - -
poloidal) are made (in the core'2 and at the plasma edge?®) both on typical ion species, such as N i s o BN
carbon, beryllium, and helium (C, Be, He), as well as on puffed impurity ion species, such as argon, ‘¥ e
neon, and nitrogen (Ar, Ne, N). e L Sl e i read s
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A detailed comparison between simultaneous CXRS measurements of various ion species is .. BRI
presented. Preliminary results indicate that the toroidal ion temperatures (7)) and rotations (v-) o
measured from C, Ne, Ar, and N are in agreement to within instrumental errors. He/Be ! o {
measurements have proven difficult because of the complexity of the spectra in the 468.5 nm | | | | ZCH ) " i | | % im0
region, though the results are not inconsistent with the measurements form heavier impurity ions. Figure 4: The “dissimilarity” of the C VI'T; and vy Figure 5: The “dissimilarity” of the C VI T; and vy
The effect of CX ion “plumes#” is being investigated as a confounding factor in the He/Be spectra. profiles during a JET discharge with large Type-I profiles during a JET discharge with sawteeth and
The implementation of an ITER-like wall, and subsequent reduction in carbon edge impurity lines, ELMs. D increases at the ELM. smaller Type-l ELMs. D remains relatively constant.

may simplify the complexity of the He/Be spectra, especially if the concentration of Be in JET
plasmas increases. Results include analysis using the new CXSFIT routine®, developed to | | | _
standardize spectral line fitting on JET and other plasma devices, such as ASDEX-Upgrade. * KS5D fixed on C VI (529.0 nm), KS5C tuned to various wavelengths on different discharges.

- Dis a measure of dissimilarity between CXRS of C and the “other” ions.
CXRS SYSTEMS ON JET [1,2,3] . L L ,
o | - In practice, some CX lines in the same spectra are fit with “coupled” T, v
- JET core Charge Exchange Recombination Spectroscopy (CXRS) [1,2] consists of: -e.g. C/Ar, He/Be, C/Ne

- Core CXRS measurements of C compared with N, He/Be, Ar, etc.:

Two horizontally mounted periscopes (octants 1 and 7) viewing the heating neutral beams

(octant 8, primarily PINI’s 6 and 7) - As expected, scatter in D improves at higher CX line brightness.

HE6E6 C 03636
. I I '« and backarorind nlaema 20 68695 C ] 10 % 63695 ]
Three vertical views of NBI PINI’'s and background plasma 39723 fio/Be :/3 208 e o
- 44 spatial views/periscope covering from outboard mid-plane to beyond the magnetic axis ke 8 E . SRR g/ o
- i /s X r
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* 7 instruments providing coverage of spectral range from 430 to 750 nm 69638 C I 89638 C
] 2 /T
- JET edge Charge Exchange Recombination Spectroscopy (eCXRS) [3] consists of: | & L ]
- Three periscopes viewing the heating NBI PINI’s j }
: : : ; 2 -
-22 paired vertical views on Octant 4 : :
15 vertical Octant 8 views extending into core region 50 200 ¢ g
-Slight toroidal offset from the NBI’s allows for toroidal and poloidal rotation ] 58 ]
measurements < 63
- 2 instruments providing coverage of spectral range from 430 to 750 nm Soak
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Figure 6: The “dissimilarity” between C and other ions is
reduced as the total CX signal increases for both T, and
v+ measurements. Error bars suppressed for clarity of
data.
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- Comparison between overlapping core CXRS and “edge” CXRS measurements:

3 Fibres

. 6 - Core KS5D fixed on C VI (529.0 nm), “edge” KS7 tuned to various wavelengths on different
A @6 s discharges.
\5’ ﬂ il ot KS5
3 = Cpe‘itrﬂﬂ COI‘e KS_5D C: DI" {%’) DV_T {%,)
KS4 SUMMARY KS5C C 0.12 + 0.04 1.89 + 0.07
FIG. 1. The new JET CXRS system.

KS5C C/Ar 0.20 £ 0.05 0.72 £ 0.09

* Overall, there is a high level of KS5C C/Ne | 0.76£0.05 | 4.03+0.12

Figure 1: Fig. 1 from Ref. [1] showing details Figure 2: Line-of-sight coverage of the JET edge agreement between the multiple

of the JET core CXRS system, viewing CXRS system (KS7), viewing Octant 4 and Octant 8 measurements of T.and v;, across KS5C Ar 15 34
Octant 8 neutral beams. neutral beams. . = o KS5C N 2.28 +0.04 1.14 £ 0.02
Instruments and across ion species: KS5C He/Be | 1.23 + 0.02 365+ 0.10
SIMILARITY: normalized dot product[6] S ~0.99 (maximum value of 1). edge T T
- The “Similarity” of two curves (A and B) can be defined as: S=IA<*Bl/(|AlIBI) * Nevertheless, this analysis suggests KS7A C 0.69 +0.14 5.84 + 0.98
- For radial profiles (e.g. T, v;), the profile curves are vector-ized by interpolation onto a that there could be resolvable KS7C C 0.131+0.003| 2.74+0.01
common radial grid (radius used as a set of basis vectors.) (though small) differences between
. L L ion species at high CX signal levels. Table 1: CX line brightness weighted average of
- Offsets due to (potential) calibration errors are removed by the normalization. .
D and S between C and other ions for T, and v+
- 0=< S<1, and typically (for radial profiles of CXRS parameters) S = 1 measurements analyzed with CXSFIT[5] on JET
- It is useful to define the “Dissimilarity” of two profiles: D = 100%*(1-S ulses.
Y P 1-5) REPRINTS P

- D can then be interpreted as the % difference between two curves. . . . . .
P > Electronic copy available at: htip://sprott.physics.wisc.edu/biewer/EPSO7poster.pdf

- This is only one (of many) possible quantified measures of the agreement between data.
- e e — ACKNOWLEDGEMENTS

: EPEIETE "This work, carried out under the European Fusion Development Agreement, supported by the

MEASUREMENT COMPARISONS 13 T European Communities and the U.S. Dept. of Energy, has been carried out within the Contract of

* Good agreement between core CXRS measurements of C V. Association between EURATOM and the U.S.D.O.E, Contract DE-AC05-000R22725. The views
* Instrument KS5C (tuneable, Czerny-Turner, XCAM)

il , , , D and opinions expressed herein do not necessarily reflect those of the European Commission or the
compared to KS5D (fixed, Kaiser Optical, Roper). | | | | ] USD.O.E.”

300 —

2

- Both instruments set to cover the C vi CX line at 529.0 nm. , REFERENCES

* Both view the same NBI PINIs (octant 8), but from _ ] C.R. Negus, C. Giroud, A.G. Meigs, K.-D. Zastrow, D.L. Hillis, Rev. Sci. Inst. 77 (1), 10F102, (2006).
opposite toroidal directions. : 2] D.L. Hillis, D.T. Fehling, R.E. Bell, D.W. Johnson, et.al., Rev. Sci. Inst. 75 (10), pp. 3449-3451, (2004).
* D;;~0.12% (S, ~ 0.9988), D~ 1.89% (S~ .9811) %ﬂ 3] Y. Andrew, N.C. Hawkes, K. Crombe, Rev. Sci. Instr. 77, 10E913 (2006).

1
2
3

o 3 4] R.E. Bell, Rev. Sci. Inst. 77, 10E902 (2006).
: : 5
6

] A.D. Whiteford, et al., “CXSFIT User Manual”, http://adas.phys.strath.ac.uk/cxsfit
OAK RIDGE NATIONAL LABORATORY

100 =

(10" photons/cm?sstr)

flux

_ /\ _ 6] J. Vega, “Data retrieval based on physical criteria,” presented at Culham Science Center, Abingdon, UK, 26/04/2007.
= * X %

Npppl R T 5] x X
=/ PRINCETON PLASIIE Figure 3: Profile comparisons between three UNIVERSITEIT Universityof W *
" | PHVSICS LABORATORY JET CXRS instruments measuring C V. GENT  Strathclyde Working *

in Europe % *

}

T.M. Biewer, et.al., “CXRS measurements from multiple ion species on JET,” 34" European Physical Society Conference on Plasma Physics, Warsaw, Poland, 2007.





<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


