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Toroidally asymmetric distributions of hydrocarbon (CD) emission
and chemical sputtering sources in DIII-D M. Groth

ABSTRACT

Measurements in DIII-D show that the carbon chemical sputtering sources along
the inner divertor and center post are toroidally periodic and highest at the upstream tile
edge. Imaging with a tangentially viewing camera and visible spectroscopy were used to
monitor the emission from molecular hydrocarbons (CH/CD) at 430.8 nm and deuterium
neutrals in attached and partially detached divertors of low-confinement mode plasmas.
In contrast to the toroidally periodic CD distribution, emission from deuterium neutrals
was observed to be toroidally symmetric along the inner strike zone. The toroidal
distribution of the measured tile surface temperature in the inner divertor correlates with
that of the CD emission, suggesting larger parallel particle and heat fluxes to the
upstream tile edge, either due to toroidal tile gaps or height steps between adjacent tiles.

General Atomics Report A25447 il



Toroidally asymmetric distributions of hydrocarbon (CD) emission
and chemical sputtering sources in DIII-D M. Groth

l. INTRODUCTION

Chemical sputtering of carbon by deuterium neutrals and ions is a critical issue in
future long-pulse fusion devices with carbon plasma-facing components (PFCs), because
of plasma contamination with carbon and tritium retention in the PFCs. Previously, a
systematic study of the evolution of hydrocarbons released from the divertor in DIII-D
[1], using carbon-deuteride (CD) emission spectroscopy [2] at the tile center, suggested a
four-fold reduction of the chemical sputtering yield, Y o, Over 107 seconds of plasma
operations, and >30 boronizations. Recently, imaging of visible CD and thermal infrared
(IR) emission in DIII-D showed that these emissions vary toroidally across the tiles in the
lower divertor, with maxima at tile edges. These results initially suggested that the spatial
temperature distribution is the primary cause of the spatially varying chemical sputtering
sources, since Y pom 18 @ function of substrate surface temperature, typically increasing
by a factor of 2 over the range from 20°C to 100°C [3]. Measurements in attached and
partially detached divertor plasmas of well-diagnosed, low-confinement (L-mode)
discharges in DIII-D indicated, however, that larger particle fluxes to tile edges give rise
to enhanced recycling, and thus stronger chemical erosion of those surfaces. In this paper
these experimental results are described and interpreted with the aid of other optical and
plasma diagnostics.
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IIl. IMAGING ANDVISIBLE CD SPECTROSOPY IN DIlI-D
LOW DENSITY L-MODE PLASMAS

A. Description of the experiments and diagnostics

The spatial intensity distributions of deuterium and carbon line emission, and
molecular hydrocarbon emission in the lower DIII-D divertor were characterized in low-
density (n/ngw ~ 0.25), lower single-null L-mode discharges. They were carried out at a
plasma current (Ip) of 1.1 MA with the toroidal field (Bp) of 2T in forward and
reversed directions, corresponding to the ion B x VB drift into and out of the divertor,
respectively. Neutral beam blips of 10 ms duration were injected every 100 ms to
facilitate charge-exchange spectroscopy measurements of the fully stripped carbon
density at the outer midplane, while simultaneously keeping the plasma in L-mode. In
both By configurations Thomson scattering measurements yielded the electron density
(n.) and temperature (7,) at the upstream separatrix of ~8x 1018 m3 and 40 eV,
respectively. These upstream conditions produced a low-recycling plasma in the outer
divertor leg, with 7, of 20 eV at the separatrix of the outer target plate, independent of
Bt as measured with Langmuir probes. At the inner divertor reversing By did change
the plasma conditions from partially detached in forward By to attached in reversed Br,
with 7, . rising from <5 eV in forward Bt to 15¢eV in reversed Bt configuration. A
similar change in the inner divertor conditions was reported from a number of
experiments [4-6], including DIII-D [7], and is generally attributed to the change of the
E x B drift direction in the private flux region. The change in the inner divertor
conditions was also measured by toroidally viewing cameras, which showed for the
forward By case an increase in the D, recycling flux by a factor of 2, and a shift of the
carbon emission (CII 514.7 nm) away from the target plate.

The spatial distributions of the CD and D, emissions in the lower divertor were
measured with an intensified charge-injection device (CID) camera in a tangential
viewing geometry [8]. This camera provides a toroidal field-of-view of ~70 deg along the
inner and outer divertor [Fig. 1(a)]; it uses narrow band-pass filters of 1.0 nm and 3.0 nm
to isolate the CD AZ2A-X23 electronic resonance band at 430.8 nm and DY’
respectively. The spatial resolution of the imaging system is a function of the toroidal
angle. At the plane-of-tangency with the center post it is approximately 0.5 cm. The
camera measurements were complemented by two visible spectrometers with a vertical
viewing geometry of the lower divertor region. The multi-chord divertor spectrometer
MDS is a high-resolution instrument (resolution 0.01 nm) and has a sensitivity of
10! ph/s/sr/ cm?/nm. The Reticon system is a medium-resolution (0.1 nm) spectrometer;
it uses an intensified detector, and has a single line-of-sight of the outer divertor region.
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Consistency checks between the camera and spectrometer intensity calibrations were
performed using methane injection through a porous plug injector [9].
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Fig. 1. Approximate viewing geometry of the DIII-D lower divertor tangential camera (a), and spatial distribution profiles
of the CD emission in (b) forward and (c) reversed B configuration. The inserts give a magnified view of the inner
divertor (45 deg tiles) region. The green grid lines illustrate the locations of tile gaps.

B. Toroidal profiles in forward and reversed Bt configurations

The CD emission profiles obtained along the 45 deg tiles of the inner divertor [Fig.
I(a)] are toroidally periodic and show maxima at the upstream surface of each tile
[Fig. 1(b) and 1(c)]. Toroidal emission profiles were measured for given radial locations
on the 45 deg tiles [Fig. 2(a) and (b)], which show that the CD emission peaks near the
edge of the adjacent tile downstream of the tile gap. Within the limited spatial resolution
of the camera system, it is impossible to distinguish weather the peak of the emission is
right at the edge of the tile or on the tile surface. Further uncertainty was introduced by
the alignment of the images with the DIII-D vacuum vessel, which was obtained from
images taken during abnormal plasma events, such as large disruptions, when the vessel
was illuminated. Less variation of the CD emission was generally observed along the
outer strike zone, due to the more shallow viewing geometry for this part of the vessel.
However, with the outer strike on ports, or close to the lower outer baffle, significantly
stronger CD emission was observed from port edges and the face of the baffle. A CMOS-
type camera vertically viewing only the outer strike point region corroborates these
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results. Using this camera we observed enhanced CD emission around radial tile gaps,
with nearly constant emission elsewhere across the tile surface.
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Fig. 2. Toroidal CD and DY emission profile along the inner divertor (45 deg tiles) obtained in forward (a) and
reversed (b) B configuration. In forward B the profile was taken at radial location R = 1.03 m, in reversed B
at R =1.14 m, leading to slightly different locations of the tile gaps (vertical lines) on the (X,Y) image grid. The inserts
show the alignment of the (total) magnetic field vector, B, with respect to the tile surface.

For the same plasmas toroidally symmetric D, emission was observed along the
inner strike zone in forward and reversed By configuration, while toroidally periodic D,
profiles similar to those of CD were seen along the 45 deg tiles in reversed By
configuration (Fig. 2). The D, and D, emission profiles were consistently toroidally
symmetric along the inner strike zone, however, the partially detached plasma conditions
in the inner divertor lead to 2-3 fold stronger neutral deuterium emission in forward By
than in reversed By configuration. Spectral contamination is an issue when measuring
neighboring lines or bands with insufficiently narrow band-pass filters, or if one
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neighboring spectral region is significantly brighter than the one of interest. This could
affect the CD emission measured in forward By discharges, since the D, emission along
the inner divertor is an order of magnitude stronger than CD, as well as the D, line
emission measured radially inboard of the inner strike point at the 45 deg tiles in reversed
Br.

Using the MDS spectrometer, the CH/CD band was well observed at the outer strike
zone when methane was puffed through the porous plug, and barely above background in
discharges without CH, injection. One view chord of the MDS system was aligned with
the porous plug head, while others viewed the inner strike zone, the private flux region,
and the outer baffle region. The MDS view chords are 2 cm in diameter, centered on each
tile viewed. In comparison, the average dimensions of tiles along the floor and 45 deg
tiles are 16.5 cm x 14.5 cm (toroidal x radial). The spectroscopic brightness at the D,
line convolved with the camera D, filter transmission curve is consistent with the
photometric measurements from the camera within the uncertainty of both measurements.
The more sensitive Reticon system, on the other hand, detected the CH/CD band head at
the outer strike point region during the methane puff as well as without the injection. In
discharges without CH4 puffing the filter-weighted brightness of the CD band observed
with the Reticon system is approximately a factor 5 lower than measured with the
cameras. The spectral range of the Reticon system, however, was insufficient to span the
full CD A2A - X23 resonance band, explaining some of the discrepancy between
spectrometer and camera measurements. Given the uncertainties due to differences in
viewing geometry and limited spectrometer sensitivity, we estimated for the camera
measurements a maximum spectral contamination of D, on CD of the order 10%. If the
DY contribution were to be subtracted from the CD emission, this would yield even
stronger peaking of the CD emission at the upstream tile surface along the inner divertor
in forward B [Fig. 2(a)]. Conversely, it is conceivable that the measured D,, emission at
the 45 deg tiles in reversed By was mostly caused by cross-talk from the CD band
because of the 3.0 nm band-pass filter used. A sufficiently sensitive spectrometer viewing
the tile center and tile gap regions is necessary to conclusively resolve the issue of
spectral contamination.

The surface temperature distribution measured with a vertically viewing IR camera
[10] was found to be toroidally periodic along the inner divertor, in forward and reversed
Bt configurations. The IR camera measures the thermal emission from the tiles over a
wavelength range of 8-12 um, thus avoiding spectral contamination with deuterium
Omolecular bands at 2-3 um [11]. In Ohmic and L-mode plasmas the measured surface
temperatures ( Ig,,s) are generally low, between 20°C and 40°C, varying from tile to tile
as well as across individual tiles. As shown in Fig. 3, in these experiments T, peaks
toroidally at the upstream surface of each tile, and decreases by ~3°C toward the
downstream edge.
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Fig. 3. Toroidal profiles of infra-red (IR) emission along the inner divertor (45 deg tiles) measured in forward (a) and
reversed (b) Bt configuration. The radial profiles were taken at radial location R = 1.14 m. The vertical lines
indicate tile gaps along the inner divertor.
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Il DISCUSSION

CD and IR imaging of the inner divertor region in DIII-D indicated that the plasma-
surface interaction is strongest at the upstream edge of the tile surfaces independent of the
toroidal field direction. Visible inspection of the graphite tiles during shutdown periods
showed that tile edges are much more eroded than the tile centers; they are literally
rounded off. Field lines typically graze the divertor tiles with an angle of 2-3 deg. Tile-to-
tile gaps and tile misalignment can lead to nearly-normal incidence of the field lines onto
the upstream side wall of tiles, and thus the particle and heat fluxes to a small area of the
side wall can be 20-30 times higher than to the plasma-facing flat surface. Flat tiles
installed on circular (center post) or conical (inner divertor 45 deg) surfaces lead to
shadowing of the upstream edge of the adjacent tile that is in the By direction [12]. In
such a situation one would expect stronger fluxes to the downstream tile surface, which is
not seen experimentally. Slight tile misalignment and larger tile gaps along these surfaces
can offset the effect of heat flux shadowing, and thus provide more heat to the upstream
edge of some tiles. Since the ion Larmor radius is sub-millimeter for the magnetic fields
in DIII-D, and typical SOL ion energies (7;= 10-30¢eV), gyro-orbit effects are
negligible.

Toroidal variations of the plasma conditions can produce different surface films on
the plasma-facing tile surfaces, tile edges, and tile side walls, which may contribute to the
measured CD emission profiles. For a given temperature in the range observed in this
study, Y pem can vary by a factor of 5 between hard and soft amorphous carbon films [3].
Very little is known experimentally about these films, in particular in tile gaps, in the
discharges described here, and detailed modeling of the dynamics of erosion, deposition,
and re-erosion at gaps and tile edges is needed [13].

During the 2005-2006 DIII-D shutdown, the lower inner divertor (45 deg tiles) and
the lowest three rows of the center post of flat tiles were replaced with contoured tiles to
improve the toroidal uniformity of the target heat flux. Field line tracing showed that
contouring of these tiles will lead to a two-fold reduction of the peak heat load to the
downstream end of tiles [12]. In addition, the reduction of the averaged gap size by a
factor of 2 to approximately 1 mm, and leveling of the tiles to a fraction of 1 mm [14]
will significantly contribute to producing toroidally more uniform fluxes to the target
plate. The installation of virgin graphite (ATJ graphite) tiles provides a unique
opportunity to monitor the long-term evolution of the hydrocarbon emission with
diagnostics previously unavailable.

General Atomics Report A25447 9



Toroidally asymmetric distributions of hydrocarbon (CD) emission
and chemical sputtering sources in DIII-D M. Groth

IV.  SUMMARY

Spatial distribution profiles of molecular CD and thermal IR emissions measured in
DIII-D with cameras indicate that the carbon chemical sputtering sources in the lower
divertor is not axisymmetric, but concentrated near tile edges. Toroidally periodic
emission profiles were obtained in lower single-null L-mode discharges along the inner
(45 deg) divertor tiles, with the maximum emission measured near the upstream tile edge
in forward and reversed toroidal field configurations. The temperature variation across
tiles in the toroidal direction is small, at most 3°C, thus the increase in the chemical
sputtering source is likely to be due to increased particle fluxes to tile edges rather than a
tile temperature effect. The toroidally periodic distribution of CD emission concentrated
near tile edge along the 45 deg divertor tiles is consistent with low/negligible CD
intensities measured by the MDS spectrometer viewing the tile centers. If spectral
contamination of D, line emission on the CD measurement is significant, visible
spectroscopy viewing the tile center only may underestimate the peak-to-valley CD band
emission ratio by as much as an order of magnitude. Toroidally asymmetric CD emission
profiles were also observed in partially detached, high-confinement (H-mode) discharges,
and appear to correlate with the recycling flux distribution as measured by D, emission
during ELMs.

General Atomics Report A25447 11



Toroidally asymmetric distributions of hydrocarbon (CD) emission

and chemical sputtering sources in DIII-D M. Grot
REFERENCES

[1] D.G. Whyte, et al., Phys. Scripta T91 (2001) 7.

[2] K. Behringer, et al., J. Nucl. Mater. 176-177 (1990) 611.

[3] E. Vietzke, et al., Surf. Coat. Technol. 47 (1991) 156.

[4] N. Asakura, et al., J. Nucl. Mater. 220-222 (1995) 395.

[5] LH. Hutchinson, et al., Plasma Phys. Control. Fusion 37 (1995) 1389-1406.

[6] G. Janeschitz, et al., Proc. 20" Euro. Conf. on Controlled Fusion and Plasma Phys.

(Lisboa, 1993) vol 17C, p. 559.

[71  D. Buchenauer, et al., J. Nucl. Mater. 196-198 (1992) 133.

[8] M.E. Fenstermacher, et al., Rev. Sci. Instrum. 70 (1997) 974.

[9] A.G. McLean, these proceedings.

[10] C.J. Lasnier, et al., Nucl. Fusion 38 (1998) 1224.

[11] R. S. Freund, et al., J. Phys. Chem. Ref. Data 14 (1985) 235.

[12] W.P. West, private communication 2005.

[13] K. Krieger, these proceedings.

[14] A.G. Kellman, private communication 2006.

General Atomics Report A25447

h

13



Toroidally asymmetric distributions of hydrocarbon (CD) emission
and chemical sputtering sources in DIII-D M. Groth

Acknowledgments

This work was performed under the auspices of the US Department of Energy under
W-7405-ENG-48, DE-FC02-04ER54698, and DE-AC04-94AL85000. The authors are
indebted to Dr. S. Brezinsek of FZ Jiilich, Germany, for initiating these investigations,
and providing the CD filter.

General Atomics Report A25447 15




<<
  /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
  /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 ()
  /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 <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




