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Abstract 
The 800-MeV proton linac at the Los Alamos Neutron 

Science Center (LANSCE) includes a drift-tube linac, 
which brings the beam to 100 MeV, followed by a coupled-
cavity linac (CCL) consisting of 44 modules. Each CCL 
module contains multiple tanks, and it is fed by a single 
805-MHz klystron. CCL tanks are multi-cell blocks of 
identical re-entrant side-coupled cavities, which are fol-
lowed by drifts with magnetic quadrupole doublets. Bridge 
couplers – special cavities displaced from the beam axis – 
electromagnetically couple CCL tanks over such drifts. We 
have developed 3D CST models of CCL tanks. The RF 
fields in the tanks are calculated with MicroWave Studio, 
and magnetic fields of quadrupole doublets are found with 
ElectroMagnetic Studio. Beam dynamics is modeled with 
Particle Studio for bunch trains with realistic beam distri-
butions using the CST calculated fields to determine the 
output beam parameters. Beam dynamics results are com-
pared with other multi-particle codes and provide data for 
training physics-based surrogate models.  

INTRODUCTION 
Realistic 3D models of accelerator structures proved to 

be useful for studying various EM effects, mechanical tol-
erances, and beam dynamics. Some examples are refer-
enced in [1]. We applied modeling with CST Studio [2] to 
the LANSCE coupled cavity linac (CCL). As a first step, 
we built a simplified CST model of the first CCL tank (T1) 
in the module 5 (M5T1). The model is fully parametrized 
and applicable for all tanks in the CCL modules [1]. All 
geometrical and design electromagnetic parameters of the 
LANSCE CCL cavities are summarized in the original 
1968 document [3]. Here we extend our CST modeling by 
adding more realistic CCL tank fields and magnetic quad-
rupole fields. The CST results are used for comparison 
with other beam dynamics codes, e.g., Beampath [4].  

CST MODELING OF CCL  
EM Model of Module 5 Tank 1 (M5T1) 

The first module of CCL, module 5 (M5; the count in-
cludes four preceding DTL modules), starts at beam energy 
of 100 MeV and consists of four tanks. Each tank in M5 
contains 36 identical (within the tank) re-entrant accelerat-
ing cavities (cells, AC), which are side coupled by 35 cou-
pling cavities (CC). The coupling cavities are located off 
axis (side-coupled structure) and alternate their transverse 
positions on both sides of the beam path, see in Figs. 1-2. 
Drifts after each tank contain a doublet of two EM quadru-
pole magnets. For M5T1, the AC length is βλ/2 = 8.0274 

cm, where β = v/c = 0.4311 and λ = 37.242 cm for 805 
MHz, and AC inner radius 12.827 cm. The tank total length 
is 289 cm, and the drift after T1 is 72.3 cm.  

Vacuum volume and fields in one structure period are 
shown in Fig. 1 and for the whole tank M5T1 in Fig. 2. The 
cavity frequency is tuned to the frequency 805 MHz of the 
operating π-mode by adjusting the AC gap. In practice, 
some additional metal was left on the drift-tube noses of 
manufactured half-cavities, and it was scraped by a special 
tool to adjust the frequency before cavity brazing.  

 

  
 

Figure 1: Electric field in one period (left) and surface-cur-
rent magnitude on the cavity inner surface (right). Red 
color indicates higher values, blue – lower ones. 

The end cell at the tank entrance, Fig. 2 (top, left), has a 
shorter gap in its left half-cell to keep the π-mode field at 
the same amplitude along the tank, Fig. 2 (bottom). Some 
calculated EM parameters of M5T1 are summarized in Ta-
ble 1. The fields and power (100% duty) are scaled to the 
nominal accelerating gradient of E0T = 1.37 MV/m and as-
sume ideal copper surface with σ = 5.8∙107 Sm/m.  

Table 1: Calculated EM Parameters of M5T1  

Parameter Value Units 

Quality factor Q 17630  

Transit-time factor T (β = 0.4311) 0.862  

Energy gain per AC 0.110 MeV 

Effective impedance Zeff = RshT2/L 31.45 MΩ/m 

Averaged power dissipation per AC 4.79 kW 

Maximum peak electric field 8.3 MV/m 

Max peak surface magnetic field 27.4 kA/m 

 

 ___________________________________________  
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Figure 2: From top: side view of the vacuum volume of M5T1 (36 AC); electric field of the operating π-mode; on-axis 
longitudinal electric fields of the two lowest modes: π-mode (red) and mode 35/36 π per AC (blue dashed). 

 

The end cell at the tank exit, on the right side of Fig. 2, 
is connected to the bridge coupler. To avoid simulating the 
coupler, we simplified the tank model by imposing mag-
netic boundary in the mid-plane of the last CC. This sim-
plification allows us to close the model and calculate all the 
tank modes. Figure 2 (bottom) shows the on-axis fields of 
the two lowest modes. The second lowest mode has a field 
phase advance of 35/36 π per AC, so that its field acquires 
a phase shift of -π by the tank end, compared to the π-mode. 
This mode frequency is 46 kHz above that of the π-mode, 
about twice the mode resonance half-width, 23 kHz.   

Magnetic Quadrupole Doublet 
The drift after each CCL tank contains an EM quadru-

pole doublet. Bridge couplers displaced from the beam axis 
electromagnetically couple CCL tanks over the drifts and 
feed RF power into tanks. Previously, we used hard-edge 
approximation of quad fields for modeling beam dynamics 
in CCL [1]. Now we calculate the quad magnetic fields 
with CST EM Studio using a simplified CAD model of the 
quad doublet 05QD02 in the drift after M5T1; it is shown 
in Fig. 3. The on-axis spacing between the quad centers is 
20 cm, the beam pipe aperture radius is a = 1.5875 cm. The 
current coils (copper color in Fig. 3) are close to each other. 
Nevertheless, the calculated fields show a rather small 
overlap, except in the space between two quads.  

 

Figure 3: Top: CST model of quad doublet with yoke trans-
parent (left); B-field arrows in the mid-pole cross section 
in one-quarter of the doublet (right). Bottom: By compo-
nent on the line (x = 1 cm, y = 0). 
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We analyzed the harmonic content of the calculated quad 
field. The multipole coefficients an, bn are defined as [5]  
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in the complex w-plane, w = x+iy. Here |Bref| = 0.34 T at the 
reference radius a = 1.5875 cm in the quad midplanes. The 
main calculated coefficients, normalized to the quadru-
poles (a2 = 3.8∙10-4, b2 = 0.9959), are listed in Table 2. The 
leading non-linear multipole – normal duodecapole term 
with coefficient b6 – was included in Beampath runs.  

Table 2: Multipole Coefficients of Quadrupole Doublet 

Multipole n an/a2 bn/b2 
1 0 -1.39∙10-10 
4 5.39∙10-5 -3.09∙10-4 
6 2.22∙10-2 4.54∙10-3 
8 -1.03∙10-5 -6.68∙10-5 

10 7.49∙10-4 1.53∙10-4 

PIC Modeling with CST Particle Studio  
Using the calculated RF and quadrupole magnetic fields, 

we model beam dynamics in M5T1 with CST Particle Stu-
dio (PS) Particle-in-Cell (PIC) solver. The RF fields are ex-
tracted from eigensolver in the beam region, scaled to the 
T1 nominal gradient, and imported into PS. Details of PIC 
simulations and particle distributions used are described in 
[1]. Our main interest here was to study if the realistic quad 
fields give results different from the hard-edge approxima-
tions used previously [1]. For the considered well-matched 
beam distributions of 50K macro-particles, the results are 
practically the same. The input and output beam parame-
ters are summarized in Table 3. It lists transverse normal-
ized rms and longitudinal rms emittances, in π mm∙mrad. 
The column “Out/In” lists ratios of final to initial parame-
ters without misalignments; column “Out1/In” gives these 
ratios with misalignments included in PS simulations as 
described in [1]. 
Table 3: M5T1 Beam Parameters from PIC Simulations 

Parameter In Out/In Out1/In 

Particles 50,000 1 1 

Average energy, MeV 100 1.0342 1.0341 

Tr. emittance εx, π µm 0.3687 1.0081 1.0098 

Tr. emittance εy, π µm 0.3589 1.0093 1.0213 

Longit. emitt. εz, π µm 1.7464 1.0033 1.0036 

rms bunch length, deg 6.460 1.153 1.144 

rms energy spread, MeV 0.2455 0.920 0.926 

These results agree very well with those from Beampath 
simulations for this tank, M5T1, both without and with 
misalignments. This agreement gives us an additional con-
fidence to trust Beampath for detailed simulations of the 
LANSCE CCL.  

The initial and final particle distributions – at the CCL 
entrance, 100 MeV, and the exit, 800 MeV – generated by 
Beampath are used for developing robust physics-based 
surrogate models of the linac. HenonNet [6], a simplectic 
machine-learning (ML) surrogate model, was trained on 
the data for a few sets of linac parameters. It can reliably 
interpolate and predict results, so far in the longitudinal 
phase space, for different parameter values in a fraction of 
second, see in [6].  

CONCLUSION 
We developed simplified 3D CST models of CCL tanks 

of the LANSCE linac. The CST model for Tank 1 of Mod-
ule 5 (M5T1), the first tank in the CCL linac, is studied. 
The 3D RF fields of tank modes are calculated with CST 
MicroWave Studio, quadrupole doublet magnetic fields – 
with EM Studio. Beam dynamics is modeled using the PIC 
solver in CST Particle Studio for bunch trains with a 
matched initial beam distribution. The PIC simulations use 
imported CST calculated RF and quadrupole magnetic 
fields. The beam emittance growth in M5T1 is rather small, 
which can be expected since the structure is relatively 
short, and the initial particle distribution was well matched. 
The measured misalignments, when added to the model, 
contribute to the emittance growth, cf. Table 3. CST mod-
elling results for M5T1 are in good agreement with the re-
sults of Beampath simulations, both without and with mis-
alignments. The beam dynamics results are used for devel-
oping robust physics-based surrogate models of the 
LANSCE coupled-cavity linac. We plan to extend beam 
dynamics simulations using more realistic beam particle 
distributions by modeling the transition region between the 
drift-tube linac and CCL.  

Development of ML surrogate models for linac beam dy-
namics is supported by the LANL LDRD program.  

REFERENCES 
[1] S. S. Kurennoy and Y. K. Batygin, “CST Modeling of the 

LANSCE Coupled-Cavity Linac”, in Proc. 31st Int. Linear 
Accelerator Conf. (LINAC'22), Liverpool, UK, Aug.-Sep. 
2022, pp. 191-193.   
doi:10.18429/JACoW­LINAC2022­MOPOGE17.  

[2] CST Studio, Dassault Systèmes: www.3ds.com/products­
services/simulia/products/cst­studio­suite/ 

[3] L. N. Engel, “Geometrical and Electromagnetic Parameters 
of the Accelerating and Coupling Cells of the 805 MHz Linac 
for LAMPF”, LANL, Los Alamos, NM, USA, Rep. MP-3-
58, 1968. 

[4] Y. K. Batygin, “Particle-in-cell code BEAMPATH for beam 
dynamics simulations in linear accelerators and beamlines,” 
Nucl. Instr. Meth. A, vol. 539, pp. 455–489, 2005.   
doi:10.1016/j.nima.2004.10.029 

[5] Alexander Wu Chao, Karl Hubert Mess, Maury Tigner, Frank 
Zimmermann, Handbook of Accelerator Physics and Engi-
neering, 2nd Ed., World Sci., May 2013, Sec. 6.17.1. 
doi:10.1142/8543 

[6] C. K. Huang et al, “Simplectic Neural Surrogate Models for 
Beam Dynamics,” presented at IPAC’23, Venice, Italy; paper 
WEPA078; accepted Jour. Phys.: Conf. Ser. 



14th International Particle Accelerator Conference,Venice, Italy

JACoW Publishing

ISBN: 978-3-95450-231-8

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2023-TUPM008

MC4.A08: Linear Accelerators

2211

TUPM: Tuesday Poster Session: TUPM

TUPM008

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2022). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ABSALOM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /ALIBI
    /AllegroBT-Regular
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BATAVIA
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CASMIRA
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DauphinPlain
    /EdwardianScriptITC
    /ELEGANCE
    /Elephant-Italic
    /Elephant-Regular
    /ELLIS
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EXCESS
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GENUINE
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HELTERSKELTER
    /HERMAN
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISABELLE
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /Lithograph-Bold
    /LithographLight
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MANDELA
    /Mangal-Regular
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MATTEROFFACT
    /MaturaMTScriptCapitals
    /MICRODOT
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OPENCLASSIC
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PosterBodoniBT-Roman
    /PRETEXT
    /Pristina-Regular
    /PUPPYLIKE
    /Raavi
    /RADAGUND
    /RageItalic
    /Ravie
    /REALVIRTUE
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TRENDY
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


