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Introduction

A\

Beam dynamics processes — halo formation — uncontrolled beam losses

> Beam losses can cause: -beam halo 24°

« Superconducting magnets quenches

* Vacuum degradation due to desorption process
« Activation of the accelerator structure

« Radiation damage of the equipment and devices
[Ref] K. Wittenburg, CERN Accelerator School: Course on Beam Diagnostics, 557 (2008).

> | diffusion process
(d/turn)

:beam core

a|joud weaq

» Purpose of the halo collimation:

« To remove the halo — prevent or reduce above mentioned problems
« To provide a well defined (and shielded) storing location for beam losses

» FAIR project (Facility for Antiproton and lon Research) at GSI

* Future SIS100 synchrotron < present SIS18 synchrotron
beam intensity increase: ~ factor of 100 , beam energy increase: ~ factor of 10
« SIS100 will accelerate various ion species from proton up to uranium
fully-stripped ions (e.g. ;2 Ar'®") , partially-stripped ions (e.g. 22 U?*" )

92
> Need for halo collimation in SIS 100

* Protons and light ions — activation ("hands-on" maintenance limit 1 W/m)
 Heavy ions — vacuum degradation due to desorption, radiation damage .
ESN—
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Two-stage betatron collimation system
WYEECY TN VW ]SSR

Well established in proton accelerators

* Primary collimator (thin foil) — scattering of the halo particles
» Secondary collimators (bulky blocks) — absorption of the scattered particles
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the secondary collimator is
enlarged due to scattering
— reduced leakage of the
particles.

Betatron phase advance [deg]

[Ref] M. Seidel, DESY Report, 94-103, (1994).

[Ref] T. Trenkler and J.B. Jeanneret, Particle Accelerators 50, 287 (1995).

[Ref] J.B. Jeanneret, Phys. Rev. ST Accel. Beams 1, 081001 (1998).

[Ref] T. Wei and Q. Qin, Nucl. Instrum. Methods Phys. Res. Sect. A 566, 212 (2006).
[Ref] K. Yamamoto, Phys. Rev. ST Accel. Beams 11, 123501 (2008).

[Ref] N. Mokhov et al., Fermilab-Pub-11-378-APC (2011). °
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Normalized phase space plots at the collimators

primary collimator 1. secondary collimator 2. secondary collimator
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particle coordinates at the primary collimator ( S P

Xp =N, X, =0 M = (cos,uS sin,usj
[Ref] T. Trenkler and J.B. Jeanneret, Particle Accelerators 50, 287 (1995). -SInils  COSHs

[Ref] J.B. Jeanneret, Phys. Rev. ST Accel. Beams 1, 081001 (1998). o
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Angular and position distribution after sca
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4 GeV protons — 1 mm thick tungsten foil (FLUKA simulation)

distribution of the particles downstream the foil

angular distribution [mrad] position distribution [um]
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Scattered particles in the phase space

X' 5
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Scattering angle k., (optimal phase advances)

pt

n
Us, = arccosn—P Ugp =TT — g, iy kopt — ,/ng —nf, = ”p*/25+ 0% ng= nP(5+1)
S
2D optics
Scattering is an isotropic process and occurs in both planes hor. & ver. — 2D description is required
Optimal geometry for the efficiency of the collimation system — circular aperture
Circular aperture — mechanical problems with movable aperture — octagonal approximation

n,=vX*+Y?2  X'=Y'=0 V=(X,X,Y.,Y) Kopt = Ky opiCOSO + Ky o singd
[Ref] T. Trenkler and J.B. Jeanneret, Particle Accelerators 50, 287 (1995).
[Ref] J.B. Jeanneret, Phys. Rev. ST Accel. Beams 1, 081001 (1998).
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Collimation fully-stripped ions
YVEECL /N W amw ] TS

« Two-stage collimation system utilize also for fully-stripped ions
Study of the following processes for various ion species

« Reference quantity - magnetic rigidity
Injection and extraction energy

« Scattering in the primary collimator
Moliére theory (multiple Coulomb scattering)

* |nelastic nuclear interactions in the primary collimator
Sihver formula

« Energy (momentum) losses in the primary collimator
Bethe formula

« Collimation efficiency
Dependence on the ion species
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Magnetic rigidity

Reference quantity — magnetic rigidity Bp = P

Magnetic rigidity — injection and extraction energy of the beam

SIS 100
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Scattering in the primary collimator
VAYVEEDN NV V. ] EESSET

Moliere theory of multiple Coulomb scattering

6. = 136 —Z7 / 1+0.038In(ij roughly Gaussian for small deflection angles
pep X, X,

[Ref] J. Beringer et al. (Particle Data Group), Phys. Rev. D86, 010001 (2012).
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Inelastic nuclear interactions

Cross section for inelastic nuclear interaction Other formulae (E > 10 MeV/u)

Sihver formula (E > 100 MeV/u)
. =7ZT‘02[A;/3 + AV —bO(A;m +At_1/3)]2
by =1.581-0.876(A;"° + A™/3) lons

D

by = 2.247 —0.915(4,"2 + A7) Protons

P
[Ref] L. Sihver et al., Phys. Rev. C47, 1225 (1993).

- Tripathi formula
[Ref] R. Tripathi et al., NIMB117, 347 (1996).

- Kox formula
[Ref] Kox et al. Phys. Rev. C35, 1678 (1987).

- Shen formula
[Ref] Shen et al. Nucl. Phys. A491, 130 (1989).
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Momentum losses in the primary collimator

Bethe formula

_dE _ nZZ*4zo’n’ n 2mc*f? ) 5
dx m, 3 11— 2)

Scattering foil: tungsten, 1 mm
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Momentum losses in the primary collimator
VWVERECL /N W w7 ]SS

Collimation system is localized in a straight section with no dipoles.

Normalized dispersion

x)_1(1 0YD
Arala ale) o

Coordinates at the primary collimator

Before scattering Xp =1y q d_p =0 After scattering Xe =1y = 01p
Xp =0 P Xp =k —d2p
Transport of the particles \
X = Xpcospg + Xpsinilg + 0y Momentum losses
Scattering angle
g="s— ﬁPCOSﬂs > ZPCO-SIUS —Xs Sy
SIn/Lg sinflg
Dispersion vector J [Ref] T. Trenkler and J.B. Jeanneret, Particle Accelerators 50, 287 (1995).
Zs = Xpcosils + ;(,',sin U [Ref] J.B. Jeanneret, Phys. Rev. ST Accel. Beams 1, 081001 (1998).

Scattering angle for the optimal phase advances

Ne —N,COS
k=—"—">F Hs Koy =[N —Np =NpN 25+ 67 Kot does not depend on the momentum losses if the
SN collimation system is localized in a stright section
GBSII—
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Material of the primary collimator
VEES JT NN W a7 ] Sl

Material Graphite Titanium Copper Tungsten

Protons (Bp = 18 Tm)

Thickness [mm] 66.5 10.4 4.2 1.0
Scattering angle [mrad] 1.30 1.30 1.30 1.30
Probability of inel. nuclear int. 0.127 0.036 0.027 0.010
Momentum losses dp/p 0.0044 0.0014 0.0011 0.0005

“°Ar ions (Bp = 18 Tm)

Thickness [mm] 66.5 104 4.2 1.0
Scattering angle [mrad] 1.35 1.35 1.35 1.35
Probability of inel. nuclear int. 0.593 0.132 0.091 0.026
Momentum losses dp/p 0.0803 0.0249 0.0193 0.0079

High-Z materials are preferable.
GsSi—
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y - A
Collimation of partlally-strlpped ions | |
_

Intermediate charge-state ions will be accelerated in SIS 100.

238U28+ 197Au25+ 181T824+ 132X922+ 84Kr17+
) ’ ) ' 36

[Ref] FAIR - Baseline Technical Report, GSI Darmstadt, (2006).

Colimation concept

Stripping foil 238[’ N 238[_. ==l Deflection by a beam optical element

Slow extraction area in SIS 100 quadrupole 1 quadrupole 2

collimator

electrostatic septum kicker

LTHEETTT LT

Lost particles during the slow extraction — intercepted by two warm quadrupoles
[Ref] A. Smolyakov at al, EPAC2008, 3602 (2008).

The stripping foil for halo collimation is placed in the slow extraction area in SIS 100
@
GSI—
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Charge state distribution after stripping
YVEECL /N W amw ] TS

Medium-Z materials (Al — Cu) — optimal for efficient stripping for wide range of projectiles and beam energies
[Ref] C. Scheidenberger et al., NIMB 142 (1998) 441. code GLOBAL
Electron capture and electron loss === equilibrium charge-state distribution

Stripping foil: 500 pm thick, titanium
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Conclusion
SAVERDY YT Va1 S

» Halo collimation of partially- and fully- stripped ions was studied.

 Dependence of the collimation efficiency on the scattering, inelastic nuclear
interaction and momentum losses in the primary collimator was investigated.

« Above 20 Tm the scattering angle for protons and ions is almost the same.

« The probability of inelastic nuclear interaction for 4°Ar ions is less than 3 % in the
considered primary collimator.

» Influence of the momentum losses in the primary collimator to the efficiency is also
not significant if the collimation system is localized in a straight section.

 The particles with large momentum losses which are not intercepted by the
secondary collimators will be likely lost in the following arc section.

« The concept for the partially-stripped ions is based on the stripping of their
electrons and consequently their interception by two warm quadrupoles.

» Detailed particle tracking and calculation of the beam loss distribution in the

synchrotron using simulation codes is needed. .
GSI—

Ivan Strasik and O. Boine-Frankenheim e Collimation of lon Beams e HB2012 15




- Thank you for“‘\
- _your attention





<<
  /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


