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Introduction

- CERN accelerator complex creates proton and heavy ion beams for
physics research at the LHC

« LIU and HL-LHC projects well underway to boost the performance of the
accelerators

- Variety of fixed target facilities to complement physics research at the
LHC

« Experimental facilities mostly requiring high-intensity beams in contrast to high-
brightness beams for the LHC

- High-intensity beams for SPS fixed target
physics have to fulfil very special
requirements

 Uniform filling of the ring required to reduce

beam loading and provide almost continuous
spill to experimental facilities




Introduction

- Optimization of duty cycle by filling the SPS with two consecutive PS
extractions

« PS extraction taking place at 14 GeV/c
« Extracting two five-PS-turns long pulse
« Allows to fill 10/11 of the SPS (leaving a kicker gap)
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Continuous Transfer scheme

- Developed in the 1970s to provide five-turn spill

- Beam horizontally shaved at an electrostatic septum and extracted at a
downstream magnetic septum

« Q.= 6.25 set to shave-off four beamlets and extract the core in the last turn

« Obvious draw-back of beam loss due to direct particle impact

- CT operation incompatible with future high-intensity beams due to large
radioactive activation of the PS ring
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Continuous Transfer scheme

- Developed in the 1970s to provide five-turn spill
Beam horizontally shaved at an electrostatic septum and extracted at a
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downstream magnetic septum

Q.= 6.25 set to shave-off four beamlets and extract the core in the last turn

Obvious draw-back of beam loss due to direct particle impact

CT operation incompatible with future high-intensity beams due to large
radioactive activation of the PS ring
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Multi-Turn Extraction scheme




Multi-Turn Extraction scheme

- MTE proposed to overcome CT drawbacks

- Resonant extraction process based on beam splitting in the horizontal

phase space
- Non-linear elements (sextupoles and octupoles) applied to excite fourth order
resonance 40, =25

« Controlled adiabatic crossing of this resonance to split the beam into four islands and
one core
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Multi-Turn Extraction scheme

- MTE proposed to overcome CT drawbacks
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- MTE proposed to overcome CT drawbacks

- Resonant extraction process based on beam splitting in the horizontal
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Multi-Turn Extraction scheme

- MTE proposed to overcome CT drawbacks

- Resonant extraction process based on beam splitting in the horizontal
phase space

- Non-linear elements (sextupoles and octupoles) applied to excite fourth order
resonance 40, =25
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Multi-Turn Extraction scheme

- MTE proposed to overcome CT drawbacks

- Resonant extraction process based on beam splitting in the horizontal
phase space

- Non-linear elements (sextupoles and octupoles) applied to excite fourth order
resonance 40, =25

« Controlled adiabatic crossing of this resonance to split the beam into four islands and

one core
injection extraction ONOS5
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Multi-Turn Extraction scheme

- Time-dependent 6D simulations to investigate dynamics during splitting




Multi-Turn Extraction scheme

- Time-dependent 6D simulations to investigate dynamics during splitting
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Multi-Turn Extraction scheme

- Time-dependent 6D simulations to investigate dynamics during splitting
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Multi-Turn Extraction scheme

- Phase rotation and non-linear optics change prior to extraction




Multi-Turn Extraction scheme

- Phase rotation and non-linear optics change prior to extraction
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Multi-Turn Extraction scheme
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Multi-Turn Extraction scheme

- Figure of merit describing the MTE process

« Obtained from beam intensity measurement in the transfer line between PS and SPS
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- SPS fixed target beams operationally produced using MTE since 2015

- Typical extracted proton intensity 1.5 — 2.0 x 103 per PS extraction

- Future facilities such as the SHiP experiment require up to 2.5 x 103 p

« Series of dedicated studies performed in 2017 to asses MTE performance at these
intensities and understand potential limitations

- Essential step to decide on the future of the CT hardware
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MTE performance evolution since 2010
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MTE performance evolution since 2010

- Drastic loss reduction at PS extraction clearly visible
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MTE performance evolution since 2010

- Drastic loss reduction at PS extraction clearly visible
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MTE performance evolution since 2010
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MTE performance evolution since 2010

Drastic loss reduction at PS extraction clearly visible

MTE performance significantly improved over the years

Total losses along the chain smaller than in the CT era

« The CT extraction has been optimized over more than three decades

Decreased SPS transmission due to higher vertical emittance of the MTE beams
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Transverse excitation and core emittance growth

- Horizontal dipolar excitation crucial to obtain proper intensity sharing
between islands and core
« Provided by the transverse feedback (TFB) system in open loop
« nyre~ 0.15-0.16 in the absence of such an excitation
« Nominal value 7, = 0.20 only achievable above a certain excitation amplitude
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Transverse excitation and core emittance growth

- Observation of significant core emittance growth in the SPS

* &" core = 13 mm mrad observed compared to 5 mm mrad of the islands

- Potential side effect of excitation with TFB
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- Observation of significant core emittance growth in the SPS
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- Potential side effect of excitation with TFB

- Investigation of impact of TFB
parameters on core emittance

« Excitation frequency found to importantly
affect the core emittance

« Relatively wide frequency range with small
emittance growth while 7,5 is close to the
nominal value

« TFB can be tuned to maximize its effect
while keeping emittance growth under
control




Transverse excitation and core emittance growth

- Observation of significant core emittance growth in the SPS

" core = 13 mm mrad observed compared to 5 mm mrad of the islands

- Potential side effect of excitation with TFB
0.22

- Investigation of impact of TFB
parameters on core emittance

MTE efficiency
=)
)
~

e
)
<)

- Excitation frequency found to importantly
affect the core emittance

0.19
- Relatively wide frequency range with small

emittance growth while 7,5 is close to the
nominal value

« TFB can be tuned to maximize its effect
while keeping emittance growth under
control

Core emittance growth

1
.2500 7.2505 7.2510 7.2515 7.2520
TFB excitation frequency




Optimization of the settings of the non-linear elements
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Optimization of the settings of the non-linear elements
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Optimization of the settings of the non-linear elements
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Optimization of the settings of the non-linear elements

- Settings define evolution of the islands’ size in time and the adiabaticity of
the process

« Maximum strength of the octupoles ONO39 and ONOS5 at resonance crossing

- Significant improvement of MTE efficiency at highest possible strength
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Optimization of the settings of the non-linear elements

- Settings define evolution of the islands’ size in time and the adiabaticity of
the process

« Only mild impact of variations of the descending slope
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Optimization of the settings of the non-linear elements

- Settings define evolution of the islands’ size in time and the adiabaticity of
the process

« Basically no impact of the ODN circuit used to non-linearly decouple the transverse

planes
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Optimization of the settings of the non-linear elements

- Settings define evolution of the islands’ size in time and the adiabaticity of
the process

« Optimization of extraction losses by acting on the final rotation using XNO55
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MTE performance at high-intensity

- Investigation ¢ intities

« Splitting effic
« Extraction lo
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MTE efficiency at high-intensity

- Investigation of scaling with intensity of three main quantities
« Splitting efficiency
- Extraction losses
« Longitudinal beam stability
- Comparison between operational and high-intensity cycle
- Very similar distribution of #,,; for the probed intensity range

- Remark: median value always adjustable using the TFB
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Extraction losses at high-intensity

- Evaluated with fast beam loss monitors
 Providing intra-turn loss evolution
« Extraction losses clearly distinguishable between islands and core

- Different height of peaks caused by different extraction kicker rise times

®islands!

w
T

—_
T

%)
-
-
o
=]
el
~
S 2
1]
2]
]
S
=
o]
[
)

[} I I I I I
1 1 1 1 1 1
[} I I I I I
1 1 1 1 1 1
[} I I I I I
1 1 1 1 1 1
[} I I I I I
I I I I I I
1 1 1 1 1 1
I I I I I I
I [} [} [} [} [}
I I I I I I
I I I I I I
I 1 1 1 1
| I I I Core I
| I I I [l I
| 1 1 1 | 1
| I I I [l I
) 1 1 1 | 1
I I I I I I
1 1 1 I 1
I ] 1 |
i arhablryari=y A
1 1

6 8 10 12
Time [us]

(=}

e

o
N
W~




Extraction losses at high-intensity

- Evaluated with fast beam loss monitors

able between islands and core

different extraction kicker rise times

intensity

intensity rather than any unexpected phenomenon
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SPS performance tests
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SPS performance tests

- Transfer of the high-intensity beams to the SPS as final step following the
optimization of MTE in the PS

« Main focus on injection of first batch as proof of principle
+ High-intensity beams dumped at 27 GeV

« Increased losses compared to operational intensity observed at:
Injection: clearly attributed to increased vertical emittance

Start of acceleration and transition crossing: further careful adjustment of machine parameters

required
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SPS performance tests

- Transfer of the high-intensity beams to the SPS as final step following the
optimization of MTE in the PS

« Main focus on injection of first batch as pi
+ High-intensity beams dumped at 27 GeV
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SPS performance tests

- Transfer of the high-intensity beams to the SPS as final step following the
optimization of MTE in the PS

« Main focus on injection of first batch as pi
+ High-intensity beams dumped at 27 GeV

« Increased losses compared to operatione
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- Conclusions and outlook
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Conclusions and Outlook

MTE performance has been constantly improved since its start of
operation in 2015

- High-intensity MTE beam has been prepared and tested in PSB, PS and
SPS

- PSB and PS performance comparable to that of the operational MTE beam
« SPS performance dominated by vertical emittance delivered by the PSB

« Reduced SPS transmission clearly related to vertical emittance and insufficient
setup time

No major limitation for MTE beams at high-intensity observed along the
accelerator chain

- MTE beams will profit from the upgrades foreseen by the LIU project: Linac4 to
deliver smaller transverse emittances

Decision taken to dismantle the CT hardware during the Long
Shutdown 2 based on the successful high-intensity tests




Conclusions and Outlook

- Further studies to improve the performance and understanding of
the MTE process

« Both experimental and simulation studies being performed
- Experimental studies
« Longitudinal barrier bucket to avoid beam loss during kicker rise times

« Continuous improvement of the magnetic stability of the PS
Reduction of power converter ripples

Slow horizontal tune feedback (considering tune evolution over several cycles)
- Simulation studies

« Impact of the horizontal dipolar excitation on the splitting process

« Importance of direct space charge forces in the process
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Observation of the splitting in the PS
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MTE challenges
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MTE challenges
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Impact of indirect space charge forces
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SPS acceptance
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Need for a slow tune feedback
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Impact of tune ripple on MTE splitting

Particles per bin [%)]

a’ [mrad]

1.5

—1.5

-30 -2

0 -10 ©

1.5
1t
o 05 :
®
’é 0
8 0.5
—30 —-20 —-10 0 10 20 30
x [mm)]
1.5
11
= 0.5
o]
g 0
® —0.5
=1 |
~1.5

0.6

0.4

0.2

-30 —-20 -10

Particles per bin [%]




<<
  /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


