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Abstract. The electromagnetic loads produced by halo currents during vertical displacement events (VDEs) 
impose stringent requirements on the strength of ITER in-vessel components. A predictive understanding of 
halo current evolution is essential for ensuring the robust design of those components. That evolution is 
primarily governed by three quantities: the resistivities of the core and halo regions, and the halo region width. 
A diffusive model of halo width growth during VDEs has been developed that provides one part of a physics 
basis for predictive halo current simulations. The diffusive model was motivated by DIII-D observations that 
VDEs with cold post-thermal quench plasma and a current decay time much faster than the vertical motion 
(Type I VDE) possess much wider halo region widths than warmer plasma VDEs where the current decay is 
much slower than the vertical motion (Type II). A 2-D finite element code is used to model current diffusion 
during selected Type I and Type II DIII-D VDEs. The model assumes a core plasma region within the last 
closed flux surface (LCFS) diffusing current into a halo plasma filling the vessel outside the LCFS. LCFS 
motion and plasma temperature are prescribed from experimental observations. The halo width evolution 
produced by this model compares favorably with the experimental measurements of Type I and Type II halo 
width evolution. 

1. Introduction 

Highly elongated tokamak discharges are inherently vertically unstable, and thus require 
active vertical control to maintain equilibrium [1]. If the vertical stabilization system fails, the 
plasma moves rapidly towards the top or bottom vessel wall in a vertical displacement event 
(VDE).  Once the plasma limits upon the wall, its cross-section continues to compress against 
the wall.  This compression, as well as L/R decay of the plasma current, drives significant 
open field line “halo” current in the plasma scrape-off layer (SOL). The halo current circuit 
includes both the plasma halo region and the vessel wall [2,3].  

The electromagnetic loads produced by halo currents during VDEs impose stringent 
requirements on the strength of ITER vessel and in-vessel components [4,5], as well as those 
of future burning plasma devices. Those loads, directed perpendicular to the vessel wall, are 
produced by the   interaction of the poloidal halo current and toroidal field. Since the detailed 
magnitude and spatial distribution of the halo current forces determine the constraints on in-
vessel components, developing a predictive understanding of the halo current evolution is 
critical in order to ensure robust component design.   

A simple 0-D halo current model can reliably reproduce the experimental evolution of bulk 
toroidal (Ihtor) and poloidal (Ihpol) halo currents during a VDE [6]. However, a critical 
component of that 0-D model, or any model of halo current evolution, is the total resistance 
of the halo region. That resistance is primarily determined by the halo region resistivity h (in 
turn depending on electron temperature Te and Zeff) and width (wh). In more complicated 
analyses, halo width is also important for calculating the distribution of poloidally localized 
forces upon in-vessel components. Unfortunately, no reliable physics basis exists for the 
prediction of h or wh. Instead, values must be assumed from existing experiments. 
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The following sections present a 2-D model demonstrating that halo width growth can be 
described using only the basic principles of magnetic diffusion, reducing the unknowns for 
predictability to just one ( h). Section 2 presents experimental observations of the wide 
variation in halo width evolution for different type of VDEs, and motivates the diffusive 
growth hypothesis. Section 3 describes the model implementation, and compares model 
results to experimental observation. 

2. Experimental Evidence for Diffusive Halo Width Growth in DIII-D 

Experimental evidence from the DIII-D tokamak [7] indicates that halo width evolves during 
a VDE, and that the details of the evolution vary significantly according to the type of VDE.  

2.1  Diagnostic Methods 

Three methods are used for diagnosing halo width evolution on DIII-D. The first, and least 
quantitative, is the plasma vertical position (zp) estimator used by the real-time vertical 
control system. This signal is derived from a reduced set of magnetic probes and flux loops. 
The zp estimator typically detects the expansion of the halo region as a reversal in the vertical 
velocity of the plasma current centroid (i.e. a “bounce”) back towards the center of the vessel 
near the end of a VDE. While this signal does not provide quantitative information about the 
expansion of the halo region, it does qualitatively indicate the existence and timing of halo 
expansion for a given VDE. 

The second method is the JFIT [6] diagnostic fitting code. This code calculates the 
distribution of poloidal flux and toroidal current within the vacuum vessel by inverting the 
Greens functions between a grid of distributed element plasma current sources and the 
magnetic diagnostics. After finding the last closed flux surface (LCFS), the distribution of 
core (inside the LCFS) and halo (outside LCFS) toroidal current is calculated, allowing for a 
quantitative measurement of halo width. Note that JFIT does not solve the Grad-Shafranov 
equation for a force-balanced equilibrium. However, fewer constraints enable JFIT to reliably 
converge during the fast transients of a VDE and to incorporate both closed and open field 
line currents into its reconstructions. 

Finally, the Tile Current Array (TCA) [8] measures the flow of poloidal halo current into the 
DIII-D vessel floor. This diagnostic consists of a poloidally and toroidally distributed array of 
current shunts between electrically isolated graphite tile plasma facing components (PFCs) 
and the vessel wall. The TCA measures the poloidal halo current that travels from the plasma, 
through the tile, and into the vessel, as well as vice-versa. 

2.2  VDE Classifications 

VDEs may be characterized by the ratio of the current decay rate to the vertical decay 
rate [6]. In a “resistivity-dominated” or “Type I” VDE, the current decay rate is much more 
rapid than the vertical growth rate. In particular, Ip decreases faster than the compression of 
the plasma cross-section against the first wall, maintaining high edge q and generating 
relatively small poloidal halo currents (which are inversely proportional to edge q [6]). At the 
other extreme, the vertical growth rate dominates in a “motion-dominated”, or “Type II”, 
VDE, resulting in a slower rate of decrease of Ip relative to the shrinking plasma cross-
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section. This typically produces an edge q 
approaching unity, resulting in higher poloidal 
halo current production. The Type I and Type II 
classifications represent the extrema of the 
possible spectrum of VDEs. 

2.3.  Experimental Data 

Figure 1 displays a comparison of the halo width 
evolution of prototypical Type I and Type II 
VDEs. All traces begin at the time when the 
LCFS first limits upon the vessel floor (as 
measured using JFIT) and compression of the 
plasma cross-section begins. The core toroidal 
current is defined as the sum of reconstructed 
current within the LCFS. The sum of 
reconstructed current outside the LCFS defines 
the toroidal halo current. All quantities are 
calculated by JFIT. The halo width is calculated 
as current-weighted average distance from the 
LCFS: 

wh(t)
1

Ihtor
Jhtor

Ah

(t)(r rcore)dRdZ  (1) 

where Jhtor is the toroidal current density, r - rcore is the distance from the LCFS, and the halo 
region area Ah is the in-vessel region outside the LCFS. 

Note that in the Type I case, Ip decays rapidly relative to the vertical position, whereas the 
Type II case retains the bulk of its Ip well into the compression period. Both zp traces exhibit 
the characteristic “bounce” at the end of the VDEs, but the reversal of the Type I VDE occurs 
much earlier in the compression period than that 
of the Type II VDE. This is consistent with the 
much more rapid growth of the Type I halo 
width compared to that of the Type II, as 
displayed in Fig. 1(d). 

Similar results are evident in the comparison of 
Type I and Type II TCA data. Figure 2 displays 
a comparison of Type I and Type II poloidal 
halo current profiles as measured on the floor of 
the vacuum vessel. The x-axis shows the 
distance from the LCFS of each TCA 
measurement tile poloidally along the floor. As 
shown in the figure, the Type I VDE possesses 
a wide, nearly flat poloidal halo current profile 
at the time of peak halo current. By contrast, the 

FIG. 1. Comparison of Type I & II VDE 
halo evolutions, as measured by JFIT: (a) 
core toroidal current, (b) halo region 
toroidal current, (c) toroidal current 
centroid vertical position (d) halo width. 

FIG. 2. TCA measurements of Type I & 
Type II VDE poloidal halo current 
distribution along floor of vessel at time of 
peak halo current. 
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Type II VDE halo current profile remains 
comparatively peaked, indicating a smaller 
current-weighted halo width.  

It should be noted that most of the halo width 
expansion is not isotropic. The bulk of the 
expansion is in the vertical direction, opposite 
the direction of VDE motion, rather than the 
much more constrained radial direction. This 
is made evident in Fig. 3, which displays a 
comparison of Type I and Type II VDE JFIT 
reconstructions superimposed upon the halo 
width data from Fig. 1(d). The reconstruction 
times are chosen to display the plasma core at 
approximately the same point in its vertical 
displacement. The flux contour that 
encompasses 90% of the toroidal halo current 
is shown for both reconstructions (dashed 
line). As this vertical expansion is not readily measured by in-wall current monitors, it may 
account for the relatively small difference in halo width visible in the direct tile current 
measurements [9]. 

2.4  Motivation for Diffusive Model of Halo Width Growth 

The experimental data described above is qualitatively consistent with a halo width growth 
process governed primarily by magnetic diffusion of the form 

2A =
μ0 A

t
 (2) 

where A is the magnetic vector potential,  the plasma resistivity, and the term /μ0 is the 
magnetic diffusivity. Resistively dominated, cold Type I VDEs with corresponding cold halo 
regions would possess a high diffusivity, leading to rapid halo width growth.  On the other 
hand, “warm” motion-dominated Type II VDEs with lower resistivity would possess less 
magnetic diffusivity, leading to slower halo width growth and thinner halo regions. This 
model assumes that a ubiquitous plasma exists outside the LCFS into which the core plasma 
can diffuse on a finite time-scale. 

FIG. 3. Comparison of halo current 
distribution at approximately same point in 
vertical evolution of Type I and Type II 
VDEs. Dotted purple lines within vessel 
indicate flux surface encompassing 90% of 
toroidal halo current. 
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3. 2-D Diffusion Model of Halo Width Growth  

3.1  Model Implementation 

A 2-D finite element method (FEM) model has been 
developed to test the hypothesis of diffusive halo 
region growth. The model is implemented using the 
Comsol Multiphysics® FEM software and its ac/dc 
add-on module. It solves for the axisymmetric 
diffusion of the poloidal magnetic field (toroidal 
current) throughout the domains displayed in Fig. 4. 

The plasma region consists of two domains. The first 
is a core plasma domain of uniform Te and initially 
uniform toroidal current density within the LCFS. It 
is surrounded by the halo domain, also of uniform Te 
but initially no current, which fills the vessel outside 
the LCFS. The model not does calculate the core 
plasma motion using force balance consideration. 
Instead, the core domain motion during the VDE is 
prescribed to approximate experimental observations 
from JFIT. A deformable mesh algorithm adjusts the mesh to move with the core domain. 
The core and halo temperatures are derived from best fits to a 0-D halo current evolution 
model [9], and assumed to remain constant in time. The core and halo temperatures are 
prescribed to be 2 eV and 16 eV for the Type I and Type II VDEs, respectively. All coil 
currents are prescribed from experimental data. 

The simulation begins at the point in time at which the plasma first limits upon the vessel 
floor, and FEM model calculates the diffusion of the toroidal vector potential (poloidal 
magnetic field or toroidal current) as the LCFS compresses against the vessel wall. The halo 
width can be calculated using Eq. (1) in order to allow a direct comparison between the 
empirical JFIT calculations and the model.  

3.2  Results from 2-D Diffusion Model 

The complete evolutions of the Type I and Type II VDE simulations are displayed in Fig. 5. 
The Type I and Type II are displayed in the left and right columns, respectively. Plots (a) and 
(b) display the toroidal core and halo current. These are followed by a time-evolving set of 
2-D toroidal current distributions, with the time slice for each plot indicated by the associated 
dashed line in plots (a) and (b). The bottom plot displays toroidal current density cross-
sections along the vertical dashed lines of the same color in the 2-D plots. 

Figure 6 displays a comparison of the experimental halo width [from Fig. 1(d)] and that 
calculated from the simulations. The model exhibits good agreement with the qualitative 
features of the experimental halo width evolution. The Type I simulation exhibits a much 
more rapid growth rate than the Type II, as in experiment, and displays a similar late growth 
rate to the experiment. Similarly, the Type II simulation exhibits the same flattop in wh 
between 2–4 ms as is seen in the experiment. However, the initial simulated growth rates far 

FIG. 4. Initial FEM model of 
Type I VDE #110216. Plasma 
domains are indicated. 
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exceed those of the experiment, leading to offsets between the model and experiments later in 
time. 

 

FIG. 5. Evolution of Type I (left) and Type II (right) simulations. (a) Core toroidal current 
(b) Toroidal halo current (c) Jtor within vessel (d) Jtor along dashed lines indicated in (c). Color bars 
of the same color indicate the same point in time. 

There are numerous possible sources of this early discrepancy. Simplifying assumptions 
within the model, such as an initially uniform core current profile and static Te, may play a 
role. The prescribed Te, derived from a best fit of the 0-D halo current model described above 
to experiment, may also deviate from reality as a result of simplifying assumptions within the 
0-D model. However, a parameter scan in Te with the 2-D model indicates that the 0-D values 
(2 eV for Type I, 16 eV for Type II) provide the best agreement between the 2-D simulations 
and experiment as well.  

The primary source of discrepancy is likely the model’s lack of coupling to the diffusion of 
the poloidal current (toroidal field). Given the force-free constraint of a cold plasma (JxB=0), 
the toroidal current diffusion is strongly coupled to the poloidal current diffusion. Whereas 
the compression of the core plasma poloidal cross-section has only a secondary effect upon 
the direct induction of toroidal current, the resulting change in toroidal flux is the primary 
driver for poloidal current induction. Further inclusion of toroidal current driven by the 
poloidal current induction would likely retard the initial halo width growth. It would also 
provide a better match between simulated and experimental toroidal core current evolution. 
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4. Conclusions 

Halo width is an important factor in determining 
total halo current evolution, and its growth rate can 
vary widely from one VDE to the next. A 2-D 
model of halo expansion has been developed based 
solely upon the principles of magnetic diffusion.  
This model compares favorably with experimental 
measurements of toroidal halo current width for 
both Type I and Type II VDEs, indicating that 
magnetic diffusion is indeed the dominant factor 
driving halo expansion. Detailed simulation codes 
may improve the accuracy of modeled halo width 
evolution during the current quench by allowing 
diffusion into a halo (open field line) plasma 
region that fills the entire vacuum vessel, but 
initially carries negligible current. Further model 
refinement includes coupling with the diffusion of 
poloidal current. Paired with a predictive model for 
halo resistivity, this work can provide a first 
principles physics basis for simulations of halo 
forces in ITER and future devices. 

This work was supported by the US Department of Energy under DE-FC02-04ER54698 

References 

[1] LAZARUS, E., et al., “Control of the Vertical Instability in Tokamaks,” Nucl. Fusion 30 
(1990) 

[2] JENSEN, T.H. and SKINNER, D.G., “Support of the Model for “Vertical Displacement 
Episodes” from Numerical Simulation of Episodes Observed in the DIII-D Tokamak,” 
Phys. Fluids B 2 (1990) 2358  

[3] STRAIT, E.J., et al., Nucl. Fusion 31 (1991) 527 
[4] HENDER, T.C., et al., “Chapter 3: MHD Stability, Operational Limits and Disruptions,” 

Nucl. Fusion 47 (2007) S128 
[5] SUGIHARA, M., et al., “Disruption Scenarios, Their Mitigation and Operation Window 

in ITER,” Nucl. Fusion 47 (2007) 337 
[6] HUMPHREYS, D.A., and KELLMAN, A.G., “Analytic Modeling of Axisymmetric 

Disruption Halo Currents,” Phys. Plasmas 6 (1999) 2742 
[7] LUXON, J.L., “A Design Retrospective of the DIII-D Tokamak,” Nucl. Fusion 42 

(2002) 614 
[8] EVANS, T.E., et al., “Measurements of Non-axisymmetric Halo Currents With and 

Without “Killer” Pellets During Disruptions in the DIII-D Tokamak,”  J. Nucl. Mater. 
241-243 (1997) 606 

[9] HUMPHREYS, D.A, et al., “Predictive Modeling of Plasma Halo Evolution in Post-
Thermal Quench Disrupting Plasmas,” Proc.  33rd EPS Conference on Controlled 
Fusion and Plasma Physics, Rome, Italy (2006) 

FIG. 6. Comparison of experimental 
and simulation halo width evolution. 



<<
  /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


