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Design parameters of the RCS

Circumference 348.333 m

Superperiodicity 3

Harmonic number 2

No of bunch 2

Injection energy 181 MeV ⇒ 400 MeV

Extraction energy 3 GeV

Repetition rate 25 Hz

Particles per pulse 2.5e13 - 5e13 ⇒ 8.3e13

Output beam power 300−600 kW ⇒ 1 MW

Transition gamma 9.14 GeV

Number of dipoles 24

quadrupoles 60 (7 families)

sextupoles 18 (3 families)

steerings 52

RF cavities
Collimator Limit

12 (11 at present)
4 kW( 3%@ injection for 1MW)

Upgrade of injection energy and peak 
current from Linac: Summer 2013
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History of the RCS output beam power
Beam commissioning of the linac ; November 2006~
Beam commissioning of the RCS ; October 2007~
Startup of the MLF user operation ; December 2008~

The RCS output beam power has been steadily increasing following;
- Progression of beam tuning,
- Hardware improvements,
- Careful monitoring of the trend of residual activation levels.

280 kW

20
12

/0
7/

01

Current RCS output beam power of user operation : 280 kW
Maximum RCS output beam power of beam studies : 420 kW-eq. (1shot)

9 months for recovery
1 month for beam test
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RCS lattice property

In the beam tuning, the RCS had several lattice imperfections.
- Edge focus caused by injection orbit bump
- Leakage fields caused by extraction beam line DC magnets
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Beam-based measurements
of lattice imperfections in the RCS - I -

β x
, β

y
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)
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Edge focus
estimated;  K1~-0.003335m-1

~58 mrad

 Edge focus of the injection-bump magnets
(0.5 ms flattop + 0.5 ms fall time)

Result of beta modulation measurements

calculation      (injection bump ; ON)
● measurement (injection bump ; ON)

Horizontal beta function
Vertical beta function

calculation      (injection bump ; OFF)

Beta modulation caused by the edge focus;
- makes a distortion of

the lattice super-periodicity
- drives random lattice resonances.

Injection orbit bump
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Beam-based measurements
of lattice imperfections in the RCS - II -

s (m)

Dipole component
estimated;
-1.14 mrad (hor.)
-0.12 mrad (ver.)

COD caused by the leakage fields

Δx
 (m

)
Δy

 (m
)

□ - calculation

 Leakage fields from the extraction beam line DC magnets;
- evaluation of dipole and normal quadrupole components

Normal quadrupole component estimated
from the optics measurements; 0.0048 m-1

● - measurement

□ - calculation
● - measurement

Leakage field includes; 
・ Dipole component;

- makes COD
(correctable by steering magnets)

・ Normal quadrupole component;
- makes a distortion of the lattice
super-periodicity

- drives random lattice resonances
・ Skew quadrupole component;

- causes linear coupling

±1.5 mm

±10 mm
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Orbit leak (Δy) to the vertical plane
by a horizontal single kick

Systematic measurement of
two normal mode betatron tunes (ν±)
near a linear coupling resonance

Skew quadrupole component estimated;
-0.00112 m-1

Beam-based measurements
of lattice imperfections in the RCS - II -

 Leakage fields from the extraction beam line DC magnets;
- evaluation of skew quadrupole component

□ - calculation
● - measurement
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Tune diagram and operating point
Without the measured
“edge focus & leak fields”

Transverse painting emittance decreases ⇒ large tune spread
Operating point for high-intensity beam were re-optimized to (6.45, 6.42).

νx

ν y

With the measured
“edge focus & leak fields”

In order to get more stable and flexible tune space,
we plan to

- install additional magnetic shields
for reducing the leakage field (in 2012 Summer shutdown)

- introduce quadrupole correctors
for compensating the edge focus effect (in 2013 Summer-Autumn shutdown)

Edge focus and leakage field;
enhance 
- linear coupling resonance,
- 3-rd order random resonances,
make
- strong limit for tunability.
- smaller dynamic apertureνx

: Current operating point (6.45,6.42)

: Designed operating point (6.68,6.27)
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Painting injection technique for high-intensity beam

Transverse painting makes use of a 
controlled phase space offset between the 
centroid of the injection beam and the ring 
closed orbit

εtp= 100 π mm mrad

Painting emittance tested in the present 
beam experiment;

Transverse painting Longitudinal painting

Horizontal
Vertical

No painting

100π correlated 
painting

Longitudinal painting makes use of a 
controlled momentum offset Δp/p to the rf 
bucket in combination with superposing a 
second harmonic rf voltage V2 and phase 
sweep φ2 of V2

Bf= 0.15

Bf= 0.40

No painting

V2/V1=80%
φ2=-100 to 0 deg
Δp/p=-0.2%

V2/V1=80%, φ2=-100 to 0 deg
Δp/p= -0%, -0.1%, -0.2%

Measurements (WCM)
Numerical simulations
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Beam survival rate in the RCS
(output intensity/input intensity)

ID εtp 
(π mm mrad)

V2/V1
(%)

φ2
(deg)

Δp/p
(%)

1 - - - -

2 - 80 -100 -0.0

3 - 80 -100 -0.1

4 - 80 -100 -0.2

5 50 80 -100 -0.2

6 100 80 -100 -0.2

Painting injection parameters
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 (k

W
) Data ID

Data ID

○ - Measurement 
＊ - Numerical simulation 

Best beam survival;
>99 %

Highest output;
~420 kW

Longitudinal
paint

Transverse
paint

Transverse
painting

Longitudinal
painting No

paint
83%

- The main part of remaining beam loss arises from foil scattering during injection.
- The other beam loss is almost well minimized through the charge density control 
by painting injection. 12



Beam loss issue
by foil scattering

1st Foil

QDL

QFL

(B) BPM

H0-Septum1

H0-Septum2

Ring Collimator

Observed dose rates at chamber surface
 120kW routine operation : 2 ~ 3 mSv/h
 220kW routine operation : 4 ~ 6 mSv/h
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Hot spots

Foil QDL PBH3-4 QFM

20- 30mrad

<20 mrad

θscattering;

Shield
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Install absorber to catch a foil 
scattered particles into hot spots (A)

Build a shield of (A) including the 
new absorbers

Measures for the beam loss by the foil scattering

Absorbers

Simulation

BPM



200mm

115mm

182.5mm

366mm

Rotation center (pivot)

40mm
41.7mm

43.7mm

 Length of 200mm for longitudinal 
direction

(Stopping range of the 400MeV 
proton and the Cu target ~ 130mm)

 The catcher surface angle follows the 
beam envelope of the large scattered 
particles

 Two stepping motors to fine control the 
position and surface angle of the absorber 
for the variable operation parameters

15

Structure and principle of the absorbers

Installed in Summer 2011



・Beam Power : 220kW-eq
・Absorber Positions

Outside ： 66.0mm, Inside ： -55.0mm

w/o Absorber
220kW-eq.

w/ Absorber
220kW-eq.2%

Successful to reduce the beam loss at the downstream of the new collimator
(Dose rate of BPM @ 220kW operation : 6.2mSv/h → ~0.7mSv/h)
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BLM (inside)

12%

BLM (outside)

Localization results of  beam loss by the new collimator

S. Kato

The beam losses in the RCS were minimized and localized.



Collimators at the 3-50BT (54π∼60π mm mrad)

Another issue ; beam halo/tail reduction
Key issue especially for the beam injection to the MR

A tail component
of the RCS beam
is removed
at the 3-50 BT collimators.

The first matter for the MR injection is to pass the high intensity beam
through the 3-50BT collimator within the permissible beam loss level (<2 kW).

MR&3-50BT collimators :
54π ~ 60π mm mrad

BT to MLF : 
324π mm mrad
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nx

Main cause of the emittance growth

The emittance growth can be suppressed
by improving the bunching factor after 1 ms. 

n y

Bunching factor decreases at ~1 ms.⇒ Then a part of the beam particles;
- reaches to the integer lines,
- suffers the emittance dilution.

nx, y=6,
all-order systematic resonances

Bunching factor

RF voltage

V1

V2
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Improvement of bunching factor
by introducing longer 2nd harmonic rf

Bunching factorRF voltage

(a)

(b)

― Measurement
― Measurement
― Numerical simulation

(a) Shorter pattern (original)
(b) Longer pattern (improved) We measured beam loss at 3-50BT 

collimators in the beam experiment.
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Beam injection to the MR (4 pulses per 2.56 s)
3-50BT loss : 2.0% ⇒ 0.8%

(corresponds to 206 W << 3-50BT col. limit 2 kW)

Parameter dependence of the beam loss at the 3-50BT collimator(SetH:54π,V:60π)

Beam halo/tail measurement at the 3-50BT

Shorter 2nd rf V2 (a)

Longer 2nd rf V2 (b)
Longer 2nd rf V2 (b)+ 100 π c

Shorter 2nd rf V2 (a)+ 100π c

-The measured dependence is very similar to that 
of the emittance calculated in the low energy region.
-It can be interpreted this extraction beam halo 
reduction reflects the emittance growth mitigation 
in the low energy region. 

Reduced!

420 kW beam from the RCS

○ - Horizontal □ - Vertical
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Simulation

Reduced!
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Summary

• Beam commissioning of the RCS have started since October 2007.
• The RCS had several lattice imperfections in beam tuning. 
• Operating point for high-intensity beam were re-optimized.
• The beam loss is almost well minimized through the charge 

density control by painting injection up to 420kW intensity beam.
• Remaining beam loss caused by foil scattering is localized well by 

the new collimator system.
• The extracted beam halo is successfully reduced by improvement 

of second harmonic RF voltage.
• The RCS output beam power has been steadily increasing with 

progress of beam tuning.

21



<<
  /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




