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Focus 1: Magnet & Undulator Technology 
• Small Variable High Gradient Magnets (Amin Ghaith)

• Design Studies of the High Gradient Magnets for a future Upgrade of MAX-IV (A. Vorozhtsov): 
(Big Accelerator Magnets, optimization of space, compactness and operation cost )

• Cryogenic undulator, (M. Valleau)

• Superconducting Undulators (N. Fuerst, J. Clarke (2)

• Trajectory analysis in undulators (H. Jeevakhan) 

• Partial coherence of spontaneous undulator radiation (M. Sanchez del Rio)
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• Trend/Need  for Miniaturization small aperture, gaps, short magnetic Lengths < 20 mm  
• PM Regime: Small Dimensions High Fields (K. Halbach 1980)
• PM Quadrupoles with Gradients >500T/m @ (and 6mm aperture) are possible

Amin Ghaith: QUAPEVA QUAdrupole PErmanent magnet based with VAriable gradient

Example: Adjustable PM Quadrupole for
COXINEL Project; L=23/50mm; G< 200T/m; 10mm

John Power: Concept for a Wakefield Accelerator



QQFE Magnet design

Magnet 
type

Pros Cons

Pure 
electromag
net

• Less complicated manufacturing / 
assembly

• Large power consumption (running cost)
• Vibration induced by the water cooling

Hybrid
magnet

• Low power consumption
• Compact solution ?

• Assembly difficulties (magnetic forces) 
assuming the magnet block concept

• Large capital cost (permanent magnet 
material)
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Design study of the high gradient magnets for a future diffraction limited light 
source at MAX IV

WEA2WD02  Alexey Vorozhtsov
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WEA2WD03_04  Hussain Jeevakhan:

Analysis of electron trajectories with SCILAB 
Undulator Radiation with dual non-periodic Field Components
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Cryogenic undulators

M. Valleau, THP2WD01: Construction and optimization of cryogenic undulators at SOLEIL

The art of building highest quality cryogenic undulators: PrFeB Material, Br 16% hight than at RT 
Low Phase- & Trajectory Errors, Precision Manufacturing avoid shimming, in-situ measurements 
Errors, Thermal effects corrected,
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Superconducting Undulators

Noel Fuerst, ANL MOA2PL03 : Review of new developments in superconducting undulator technology
at the APS

• Planar SC undulators L 2m, Working on Nb3Sn technology
• Single Helicity Circular polarizing undulator L=1.2m
• Super Conducting Arbitrarily Polarizing Emitter (SCAPE) Undulator in development
• Better cryostat for use in Storage Ring using cryocoolera
• Plans for Undulator Systems in FELs with Helium liquifications

for large systems
• Integration of Undulators, Phase Shifters, Quads, BPMs….

Cryocooler Concept for SR

Liquification for large Undulator Systems in FELs



8

FEL SCU CRYOMODULE CONCEPT
(P. Emma, SLAC + ANL/LBNL)

70 cm15 cm15 cm

1.5 m

phase
shifters (3) BPM

focusing
quad

alignment
quad

undulator
segments (3)

x & y position
control

x & y position
control

5.5 m

beam
direction

• Three 1.5-m long undulator segments in one 5.5-m cryostat
• Short segments (1.5-m) easier to fabricate, measure, tune, and taper
• Each segment independently powered to allow optimized TW-taper
• Ancillary components include cold BPM, cold phase-shifters, cold quads
• Cryogenic refrigeration/distribution system concept has been developed
• Magnet alignment is critical (300 K 4 K)
• Beam-based alignment as final correction using motorized pads

• On the way towards SC Systems in XFELs
• Commercialization??? 



Magnet Gap
• Standard SCU Example:

– Beam stay clear = 5.0mm
– Vacuum chamber wall thickness = 2 x 0.5mm
– Insulating gap between 20K vac chamber and 

4K magnet = 2 x 0.5mm
– Magnet aperture = 7.0mm

J. Clarke THP2WD02: 
OPTIMIZATION OF SUPERCONDUCTING UNDULATORS FOR X-RAY FELS



Manuel Sanchez del Rio, THP2WD03, 
Partial coherence in undulator beamlines at ultra-low emittance storage rings

Accurate coherent mode decomposition and analysis of undulator radiation for ESRF 
and ESRF upgrade 

For storage rings emission all coherence properties can be deduced from the Cross 
Spectral Density. Its storage and propagation is usually unmanagleable by present 
computers
Provides a method of storage of Cross Spectral Density



FFocus 2: Accelerator Technology

• Fast kickers and pulsers for swap-out/in injection for ALS-U
• Will Waldron, Berkeley Lab

• High Power Solid-State RF Systems for Storage Rings
• Jorn Jacob, ESRF

• RF System for Siam Photon Source 2
• Nawin Juntong, SLRI

• CW High Brightness Photocathode Guns
• Feng Zhou, SLAC

• Beam Containment Systems for 250 kW Class Electron Linac
(LCLS-II)

• Christine Clarke, SLAC
• New photocathode gun at the APS linac towards a new 

accelerator R&D facility 
• Yin-e Sun, Argonne 



Swap-out injection kickers are close to 
achieving requirements (Will Waldron)
• Ultralow emittance MBA lattices have 

small dynamic apertures and require on-
axis “swap-out” injection where stored 
bunches are wholly replaced by full 
charge bunches. Requires fast injection 
kickers and pulsers that do not disturb 
neighboring bunches. 

• Goals are <10 nsec rise and fall times. 
• Solutions are:

• Small aperture stripline kickers 
• HV pulsers (MOSFET Arrays, MOSFET-switched 

inductive adders, step recovery diodes and fast 
ionization devices, electromagnetic shocklines)

• Extensive testing in the ALS ring is close 
to achieving specs

• Striplines perform well but can be deformed 
from beam heating under some beam 
conditions

• Induction adder is preferred technology for ALS



Solid-state High Power RF systems are 
becoming standard in new rings (Jorn
Jacob)

• Scarcity and increasing costs 
of high power klystrons are 
driving forces to develop 
solid-state power amplifiers

• Approach is to combine many 
low-power (0.5-2 kW) units 
together using either coaxial, 
cavity or waveguide 
combiner. 

• Reliability is good due to 
modularity. Experience at 
Soleil/ESRF very good (1 trip 
of Soleil booster RF in 11 
years!)

• Capital cost is higher than 
klystrons but maintenance 
costs are lower. Costs 
expected to drop with new 
commercial developments.

• Detailed pros/cons provided 
in talk and paper. 



New Proposed Siam Photon Source 
will take advantage of many new 
developments (Nawin Juntong)
• Green-field 3 GeV 

facility with new full 
energy linac driven by 
PC gun and ring RF 
systems.

• Linac uses all modern 
features (LLRF, solid-
state modulators, 
SLEDs)

• Storage ring cavities 
(500 MHz) are based on 
TM020 mode cavities 
(Spring-8)

• Solid-state RF  (900 kW 
total installation)



CW High Brightness PC Guns have 
arrived (Feng Zhou)

• High power FELs require high 
repetition rate (~MHz) and high 
brightness guns.

• CW guns can’t reach the same 
gradient at the cathode as pulsed 
guns. Can they deliver high 
brightness? Yes!!!

• Several options have been 
investigated:

• DC guns
• SRF guns
• NC VHF guns

• Detailed comparisons provided in the 
talk/paper. 

• Laser and photocathode material also 
critical for reaching performance. 

• Baseline for LCLS-II is a NC VHF gun 
with CsTe2 PC. 

• Commissioning for LCLS-II 1 MeV 
source starts late April 2018 for 1+ yrs. 
Full injector up to 100 MeV starts 
2020. 

• R&D is underway for next generation 
CW guns with factor 2 lower 
emittance. Both NC and SRF guns are 
promising. Cultrera et al, APL 108, 134105 

(2016)



Beam Containment Systems for 250 kW-
class CW electron linacs are challenging 
(Christine Clarke)

• High power electron beams 
for CW FELs present many 
challenges for personnel 
safety and machine 
protection. 

• FEL transport lines also 
require protection against 
high power FEL beams. 

• New-to-BCS technologies 
are being deployed

• Cavities with FPGA 
processing

• Cherenkov fiber beam loss 
monitors

• Diamond beam loss 
monitors

• Photo-diode X-ray monitors
• PLCs



APS PC Gun is a step towards a new 
light source accelerator R&D 
capability at Argonne (Yin-e Sun) 

• A new LCLS-I type PC gun 
has been commissioned 
at the APS linac. 

• The gun is a step towards 
a proposed new light 
source accelerator R&D 
test area known as Linac
Extension Area (LEA) with 
a 50 m tunnel and 350-
500 MeV electon energy. 

• Interleaving linac allows 
operation of LEA during 
APS topoff injections. 

• First experiments in 2019. 

LEA 375 ~ 500 MeV
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Future LEA experiment: TESSA-266



<<
  /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 false
  /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


