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Siam Photon Source (SPS)

Siam photon source (SPS) organised by Synchrotron 
Light Research Institute (SLRI).
The 1st and only Thailand’s synchrotron light source 
and the largest in South East Asia.   
Major parts were transferred from SORTEC, Japan in 
1996.
Beam service started in 2003.

Located in Nakhon Ratchasima
(~300 km from Bangkok)
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Siam Photon Source (SPS)
SPS layout
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Thailand’s Future Light Source: SPS-II

New storage 
ring

Underground Full-energy Linac

SPS

Short pulse exp. hall
Future Soft X-ray FEL

Facility & Utility Team

Proposed site for 
new machine

New storage 
ring

Underground Full-energy Linacdd F llllShort pulse exp. hall
Future Soft X-ray FEL

t l

eed site for 
mmachine

Higher electron beam energy
Larger storage ring
Full-energy Linac injector for extra usages 
and future upgrade of SX-FEL
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Design Requirements
Storage ring:

3GeV
Medium size ~ 300 m circumference
Horizontal emittance < 1 nm·rad
High capacity

Booster
3GeV Linac injector
Length < 150 m
Norm. hor.  emittance < 10 μm·rad
High capability: 

Ring injection 
Short bunch generation
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DTBA cell  

Local dispersion bump and 
chromaticity correction
Odd-pi phase advance trick

DTBA (Double Triple Bend Achromat ) Original Diamond upgrade study

T. Pulampong

4 Normal dipoles & 2 Combined fn. dipoles (DQ)

DQ DQ
14  Cell -> RING

28 straights in total

No longitudinally varied field

B1,B2,B5,B6 are identical
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DA, MA optimization

Tune scan

Vrf 2.2 MV
RFfreq 500 MHz
500 Bunches
300 mA
BL ~ 3mm
Coupling 0.8 %

T. Pulampong
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Storage Ring parameters

Parameters SPS SPS- II
Circumference (m) 81.3 321.3
Energy (GeV) 1.2 3.0
Relativistic gamma γ 2348.34 5870.85
Emittance εx0 (nm·rad) 41.0 0.96
Nat. energy spread σE (%) 0.066 0.077
Nat. chromaticity ξx/ξy -8.7/-6.4 - 64.3/  - 77.5
Tune Qx/ Qy 4.75, 2.82 34.24/ 12.31
Momentum compaction αc 1.70e-2 3.18e- 4
Damping times hor./ver./long. (ms) 10.7/9.8/4.7 9.5/ 11.1/ 6.1
Straight/circumference 0.33 0.35
Energy lost per turn from dipole U0 (MeV) 0.066 0.577
RF frequency (MHz) 118.00 500.12
RF voltage (MV) 0.3 2.2
Harmonic number 32 536
Overvoltage V/U0 4.5 3.8
Synchronous phase (degree) 167.29 164.77
Synchrotron tune 0.00460 0.00438
Nat. bunch length (mm) 29.03 2.854
Nat. bunch duration (ps) 96.8 9.5
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Injector Design

32 high gradient S-band
G = 35-38 MV/m

to Ver. 
Transfer Line

Parameters Value
Total injector length < 150 m
Electron beam energy 3.0 GeV
Repetition rate 60 Hz
Normalised emittance εnx < 10 μm·rad
Energy spread σE < 0.1 %
Bunch charge 0.1-1 nC
Bunch length for storage ring injection < 10 ps (3 mm)
Bunch length for short pulse experiment 100-200 fs (30-60 μm)

3.0GeV

Solenoid Quadrupole Dipole

S-band structure X-band cavityPhotocathode RF gun

L1BC1

400MeV

L0

L2BC2

2.0GeV
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Pre-injector Simulation

Parameters Value
Model Based on LCLS RF photo gun
Cathode material Cu
Nominal peak field 120 MV/m
Frequency 2856 GHz
Repetition rate 60 Hz
Number of cells 1.6
Beam energy at gun exit ~5.7 MeV
Energy spread at gun exit ~0.3%
Bunch length for ring injection 10 ps (3 mm)
Bunch length for short pulse 100-200 fs (30-60 μm)

RF photo gun

UV laser (converted from IR)
Parameters Value
Wavelength ~ 260-270 nm
Repetition rate 60 Hz
Longitudinal pulse shape Uniform
Transverse pulse shape Uniform

Solenoid
Parameters Value
At gun:
Axial field < 0.3 T
Effective length 14 cm
At L01:
Axial field < 0.2 T
Effective length 0.8 m
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L01 L02

Parameters Value
Bunch charge 1 nC
At cathode:
Long. charge distribution Uniform
Tran. charge distribution Uniform

ASTRA* simulation

S-band booster
Parameters Value
Frequency 2856 GHz
Structure length 3 m
Peak gradient 40 MV/m

*K. Floettmann, ASTRA, http://www.desy.de/~mpyflo/



Pre-injector Simulation
Use conventional S-band column with high gradient < 40 MV/mPre-injector

Slice emittance Mismatch parameter
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3.0GeV

L1BC1

400MeV

L2BC2

2.0GeV

150MeV

L0

Main Linac Simulation 

*M. Borland, elegant, APS LS-287, (2000).

400M V

2 0G V

Parameters Ring injection Short bunch
Bunch charge (nC) 1 1
Normalised emittance εnx/εny (μm·rad) 1.0 / 1.0 7.1 / 1.0
Emittance εx / εy (nm·rad) 0.16 / 0.16 1.11 / 0.16
Energy spread σE (%) 0.09 0.12
Final rms bunch length (μm) 780 59
Final rms bunch duration (ps) 2.6 0.2
Final peak current 35 A 3.2 kA
Compression factor BC1 / BC2 1 / 1 4.8 / 2.8
BC bending angle (°) 0 / 0 3.5 / 3.5
S-band gradient (MV/m) 38 38
L04 phase (°) -30 -30
X-band cavity gradient G (MV/m) 43 43
X-band cavity phase -90 -110
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Machine layout

Preliminary !

Storage ring 321.3 m circumference

DTBA cell

Underground Linac

S. Pongampai
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Magnets summary
Design parameters D0 DQ QD QF1 QF4 QF6 QF8

Effective length (m) 1.0 0.85 0.162 0.215 0.162 0.412 0.328

Number of magnets 56 28 84 28 56 28 28

Dipole field (T) 0.87 0.6 0 0 0 0 0

Quadrupole field 
(T/m)

0 27.1 51 45 44 60 50

Sextupole field 
(T/m2)

0 0 0 0 0 0 0

Octupole field (T/m3) 0 0 0 0 0 0 0

Vertical gap (mm) 40 --- --- --- --- --- ---

GFR (mm) 17 8 17 17 17 8 8

Field quality in GFR 3 10-4 1 10-2 5 10-4 5 10-4 5 10-4 5 10-4 5 10-4

SD1 SD2 SF2 OF1 COR

Effective length (m) 0.14 0.14 0.14 0.09 0.1

Number of magnets 28 28 56 28 28
Dipole field (T) 0.057 0.057 0.057 0 0.08

Quadrupole field 
(T/m)

0.72 0.72 0.72 0 0

Sextupole field 
(T/m2)

2,030 1,140 1,450 0 0

Octupole field (T/m3) 0 0 0 72,000 0

Vertical gap (mm) --- --- --- --- 100

Bore radius (mm) 24 24 24 30 ---

GFR (mm) 16 16 16 16 16

Field quality in GFR 3 10-3 3 10-3 3 10-3 5 10-3 1 10-2

P. Sunwong
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Magnet design
• Combined fn. Dipole DQ 
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Precise machining with Wire EDM

P. Sunwong

In-house DQ prototype
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NEG coating R&D program

• NEG in-house R&D
Twisted Wire Target

(Ti, Zr and V)

S. Bunsukya

T. Chanwattana (SLRI) TUA2WB01 16



Un-Coat Surface

SEM on the surface 

Physical Surface Compositionsh l f

NEG Coated Surface

S. Bunsukya
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Conclusion

DTBA is good for us in terms of emittance and straight sections.
Full-energy Linac injector for short pulse experiment and future 
upgrade of soft X-ray FEL.
The project is mostly based on existing technology.
Government acknowledged the project concept since 2017.
Project Funding will be considered in April 2018. 
DDR is in progress and should be launched in 2019.
Magnet and NEG are in R&D process.

Acknowledgement
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THANK YOU
T. Chanwattana on behalf of SLRI



<<
  /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


