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1-Proposals from 1996 to 2006 

In its June 2007 session the CERN Council has approved the 
White Paper "Scientific Activities and Budget Estimates for 
2007 and Provisional Projections for the Years 2008-2010 and 
Perspectives for Long-Term", which includes construction of a 
160 MeV H- linear accelerator called LINAC4, and the study of 
a 5GeV, high beam power, superconducting proton Linac (SPL).

2-Decision in 2007 R. Aymar director general 

3-Ground Breaking ceremony : 16 October 2008 4-Inauguration : 9 May 2017
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The big picture : LHC Luminosity
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Nb number of particles per bunch
nb number of bunches
fr revolution frequency
εn normalised emittance
β* beta value at Ip
F reduction factor due to crossing angle

From machine design and 
limitations (e cloud)

From optics at 
Interaction point Brightness from 

Injectors : defined 
at low energy

LHC INJECTOR CHAIN : 

Linac2 (50 MeV) 1978 length 40 m  
160mA , 100 µsec , 1 Hz
Max Space Charge Tune Shift reached
↓
PS Booster (1.4 GeV) 1972 – radius 25 m 
4 rings stacked
Output energy already upgraded twice
↓
PS (25 GeV) 1959 – radius 100 m 

↓
SPS (450 GeV) - 1976 radius 1100 m 

See K. Hanke WEPVA0365/16/2017



Baseline beam parameters 
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LINAC4 – CDR -2006 LINAC4 – achieved (2016) 

* H- Stripping and more tested in Half Sector Test 

70mA peak at the source
65 ma peak at 3 MeV
40 mA after chopping

50mA peak (in twice the acceptance of the RFQ)
30 mA peak at 3 MeV  (record) 
20 mA after chopping 

Peak current from the source

Average beam current after 
chopping (LEBT and RFQ 
transmission and chopping factor)  

* 160 MeV 160.48 MeV All RF structures performing to 
specs 

0.4 π mm mrad 0.3 π mm mrad (at 160MeV) Smaller emittance , allows for more
turns injected 

400 µsec 1Hz
(4 rings) 

Up to 600 µsec 1Hz Longer injection in the PSB (100-
150turns)

Fast Chopping at 3 MeV
2µsec inj kicker rise-time

Demonstrated , including transmitted beam quality Unprecedented flexibility, to be 
exploited 
Beam from 1µsec to 150µsec

Energy painting with the last 
accelerating modules  

Not yet tested 
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Frequency : 352 MHz
Duty cycle for PSB : 0.06 %
Max duty cycle : 5%

Located 12m underground 
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Quadrupoles :mostly PMQ (127/158) 

8

-Flexibility in matching and chopping 
0-80 mA currents from the pre-
injector. 

-Flexibility in bringing beams with 
energy from 50 MeV onwards to the 
PSB. 

PMQ for tank2 , 60 mm in diameter and 80 mm in length
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Accelerating Gaps (262) voltage and phase 
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Quasi-synchronous structures with 
external focusing from 50MeV

Sequence of 3 identical gaps from 50 to  
100MeV and 7 identical gaps from 100 to 
160MeV
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Pre-injector –source to 3 MeV (Oct 13)  
Critical part was tested 
in a dedicated test 
stand equipped with a 
diagnostics line 
including :
1)direct emittance 
measurement
2) bending 
spectrometer magnet
3) time-of-flight

10

ion 
source

RFQ

chopper 
line

Diagnosti
cs line

spectrom
eter

beam
dump

5/16/2017



Extensive measurements at 45 keV
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1- take measurements varying solenoidal field and generate in tracking code

2 – back-trace to source out

3 - Result : we have an empirical input  
beam distribution that very well 
represents the dynamics  in the LEBT 
and the rest of the accelerator.

source

Emittance metre

Solenoid



Pre-injector 

3 MeV/ 352 MHz/ 3 m long RFQ
Commissioned with beam 2013

Fast chopper, functionality validated 2013 
Risetime<10nsec/ extinguish factor 100%  
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CHOPPING at 3 MeV 
emoving microbunches (150/352) to adapt the 352MHz linac bunches  to the 1 MHz booster frequency

Match from 
the RFQ

Match to 
the DTLChop 

Meas
2014

5/16/2017 13

Beam current downstream the dump 



Pre-injector :  validation of diagnostics
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Slit-and-grid From profile meas Laser + diamond rms normalised 
Transverse 
emittance at 3 
MeV measured by 
3 independent 
systems is  0.3 pi 
mm mrad



Pre-injector :  validation of diagnostics
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Slit-and-grid From profile meas Laser + diamond rms normalised 
Transverse 
emittance at 3 
MeV measured by 
3 independent 
systems is  0.3 pi 
mm mrad



Drift Tube Linac : 3-50 MeV 
(3-12-30-50 MeV, commissioned in 2 stages Aug 14 and Nov 15)

● Designed for ≥30 years of reliable operation with up to 10% duty cycle

● Rigid self supporting steel tanks assembled from <2m long segments

● Tank Design almost without welds, heat treated after rough machining

● PMQs in vacuum for streamlined drift tube assembly

● Adjust & Assemble: Tightly toleranced Al girders w/o adjustment mechanism

● Spring loaded metal gaskets for vacuum sealing and RF contacts

● Easy to use patented mounting mechanism

● Additional C-seal and temperature probe channel employed for leak testing

● Increased gap spacing in first cells of T1 to reduce breakdown in PMQ fields

● Cooled RF-port & vacuum grid in AISI 304L tank for 10% duty-cycle

5/16/2017 16



Drift tube LINAC – beam measurements

Spectrometer (bending + grid) measurements 
indicate an rms energy  spread of 52.8 keV (vs 49.2 
keV expected) after DTL tank1,12MeV,  August 2014

Expected - Measured

Transverse emittance at 50 MeV
after the Drift Tube Linac, Nov 2015

5/16/2017 17



Cell Coupled Drift Tube LINAC  : 50-100MeV
(commissioned June 16)

๏ 7 modules of 3 accelerating cavities (3 gaps each) and 2 coupling 
cells,

๏ quadrupoles outside of RF structure, 
๏ copper plated stainless steel,
๏ time-consuming assembly because of high number of C-shaped 

metal seals, several attempts necessary to achieve vacuum 
tightness,

๏ around 1 month of conditioning needed to clean surfaces,
๏ non-trivial support mechanics because of 12 support points per 

module, 
๏ all drift tube centres are aligned within ±0.1 mm
๏ first-ever CCDTL in a working machine!

5/16/2017 18



CCDTL beam measurements

19

Average energy vs cavity phase for CCDTL module 3 and 4 measured  June 2016 with Time-of-Flight 

Refer to F. Roncarolo  MOPAB1205/16/2017



Pi-mode structure : 100-160 MeV
(commissioned Oct 16)

๏ Bulk copper, no RF seals, discs 
and rings are tuned and electron-
beam welded at CERN

๏ Long qualification period for 
series production (~3 years), 
critical point was precision 
machine large pieces of copper 
(10 - 20 um on 500 mm diameter 
pieces)

๏ Conditioning time of prototype: 
24 hours

๏ First low-beta pi-mode structure 
to go into operational machine

5/16/2017 20



Made it to the final energy! 

21

Safely on the dump.  
It has been stripped. 
It has been delivered to the Half Sector Test. 

Oct 2013
3MeV 
30 mA

45 keV
50 mA

Nov 2015
50 MeV
20 mA

Nov 2016
160 MeV 18mA

Jun 2016

105 MeV 20mA
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Half Sector Test  (Oct 2016-mar2017)

Beam transverse footprint – stripped 
– 160 MeV at BTV1077 , Mar 2017

Run the beam through half the injection chicane with aim of mitigating 
risks for Future PSB H- Injection Section

Refer to  MOPIK047, MOPAB120, MOPIK041

Stripping foil
system

Chicane
magnets +
H0/H- dump

Temporary
dump

5/16/2017 22



What next? 

- demonstrate long term reliability 
“non availability of the injectors is the main cause of down time for the LHC” 

-connect to the PSB

-achieve the nominal and possibly the ultimate current

235/16/2017



Reliability run (June17-Mar18)
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1. Insure a smooth transition from commissioning to operation: train operators, 
necessary software development, learn to deal with the increased flexibility. 

2. Find any  weak points and mend them in time for the connection
3. Achieve a beam-availability for the PSB as high as possible and possibly 

above 90% :  importance of the fault tracking system 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

LS2

Shut 
downReliability Run

2017 2018

Debuncher 
installation

Beam 
recommissioningShut down

EYETS shutdown

Spare for 
Reliabilty 

Run
interventions, repairsHalf Sector 

Test
Shut 

down



To complete the transfer lines and 
connect to the PSB
160 MEV H- AS PLANNED 

During LS2 for 6 months
◦ Install new BHZ20 and build the shielding around that area
◦ Renew the LBE line (emittance measurement)
◦ Install the H- injection equipment in the PSB

After LS2
◦ inject via charge-stripping up to 3 1012 protons per ring at 

160 MeV (e.g. an average current of 25 mA along the pulse 
before chopping, injection over 40 turns of 40 µsec)

◦ The beam injected into each ring can be tailored to 
durations from 1 to 150 µsec, 

◦ Average  energy can be dynamically varied by ±1.2 MeV 
over 40 µsec

◦ the rms energy spread varied from 85 to 450 keV rms

50 MEV PROTONS IN EMERGENCY 

During two weeks : 
◦ Close the line (blank pipes available)
◦ Reposition the BHZ20
◦ Switch the source to proton

With 50MeV protons from LINAC4 the PSB 
would be able  to deliver 75% of the present 
performance for the LHC beam.  (CERN-ATS-
Note-2012-047 PERF. – 2012)

5/16/2017 25



A word on the source

26

Current at 3 MeV before chopping 

Today’s LINAC4 20 mA

Record LINAC4 30 mA 

Nominal LHC Inj. Upgrade 40 mA 

Ultimate LINAC4 60 mA

The gap to the nominal LIU can be compensated with 
twice the injected number of turns in the PSB.

Many improvement since march 2015
1) Intensity 
2) Stability
3) Auto-Pilot (automatic regulation of critical source 

parameters for increased stability)
4) Caesiation with autopilot , time needed went from 

half day w/o beam to few hours in degraded beam 
conditions

Parallel program at the test stand 
1) Control of the emittance
2) Optimised electrode shape
3) Matching into the LEBT 
4) Mastering neutralisation?
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Final remarks 
LINAC4 : 

◦ All the hardware except the source in its final configuration 
◦ There is an enormous flexibility built into LINAC4 to be exploited by the PSB and this will require time 

and trials
◦ Linac4 is upgradeable 

◦ in terms of duty-cycle (factor 5)  and peak current (factor 3) without any modification to the hardware 
◦ In terms of duty cycle (factor 50) and final energy with substantial hardware modification

More general :
◦ The importance of a test stand which includes the full pre-injector
◦ The importance of validated machine model and accuracy of particle tracking codes
◦ Also for a relatively small quantity (about 150 Permanent Magnet Quadrupoles pieces) the procurement 

of the linac4 quadrupoles was an occasion to transfer knowledge to the European industry.

275/16/2017



<<
  /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


