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at beam lines 

scintillator 

   technique 

detector setup 

(schematic,  
 seen in beam direction, 
 the broader printed wire ends  
 are closer to the beholder)  

with several wire orientations  
 several 2D projections of 3D density distribution 

PMT 

Mumetal shield 

carbon wires Ø33 um 
with current read out 
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wire replacement 

scintillator 

   technique 

at Injector 2 detector setup 
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shielding against 
extraction elements EEC, FM 

scintillator 
(moves 
with 
wire) 

   technique 

at Ring cyclotron detector setup 
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electronics 

- timing modules (NIM)
- relays 

- high voltage 
- wire current readout 
   (logarithmic ampl.) 
- motor drivers 
 

   technique 
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setting the PMT voltage 
discrimination in order to only accept a single species: 
- instead of adjusting the discriminator level, 
   the PMT voltage  gain  pulse height is varied 
- precision is needed (1V steps or better) 
- stability is needed (to prevent walk) 
- in some locations to be checked weakly (degradation of scintillator due to radiation) 

72 MeV 
(small aperture) 

72 MeV 
(large aperture) 

590 MeV 
(not stopped) 

He? 

@fixed beam energy (at beam lines ) 

   technique 

(wire at fixed position in beam, not same integration time) 

"clean" separation 
all elastically scattered usable 

only 40% of 
all elastically scattered usable 

no discrete energies 
only a few slower particles usable 

long measurement duration 

p,n,d, ?  

p  elastic     inelastic 
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Bunch center energy changes from turn to turn  PMT voltage to be varied with probe position. 
Some error introduced by assumptions on how local beam energy increases with radius: 
     - increase per turn, linear with bunch center radius (betatron oscillations introduce error)  
     - same energy all over a bunch (not linear with actual radius,  
                                                        effect of space charge induced vortex motion?) 
     beam dynamic simulations needed for information 

(Pulse-height resolution not good enough to measure energy differences in bunch.)    
voltage 
adapted for 

57 - 72 MeV 
(new detector) 

   technique 

setting the PMT voltage @varied beam energy (Injector 2) 

contour levels every 10% and at 1% and 0.1%  (10%-level at border between cyan and light blue)   halo over-emphasized 

(still too high) 
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                      effects                               consequences        evtl. corrections 

- distance wire – detector changes     shifts TOF of elastically scattered proton         geometric correction     
                        shifts solid angle to detector aperture     geometric correction 
- systematic variation of beam energy  shifts TOF of elastically scattered proton   geometric correction* * 
   with radius (in bunch and  shifts PMT pulse height (walk)    PMT voltage adapted at meas.  
   from turn to turn)   shifts scattering cross section    empiric correction* * 
- time resolution of measurement     elongates        crude correction 
           * with assumptions on energy variation 
* can be accounted for by including scattering and transport to detector in beam dynamics simulation (predict histogram) 

 
More issues, all elongating, hardly to correct for: 
- beam energy spread at each radius   spreads TOF     *  
- detector aperture allows range of scattering angles   spreads energy and cross section   * 
- quantum efficiency/gain changes over PMT surface   affects PMT pulse height (walk)  
- light collection efficiency dependent on impact position   affects PMT pulse height (walk) 
                 affects TOF of light & PMT transfer time 
And 
- PMT base line distortion (by EMV or background radiation) systematically/statistically  affects discrimination 
 
 

         significantly more complicated than e.g. wire monitor evaluation 

   technique 

corrections at evaluation @varied beam energy (Injector 2) 
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measurement modes (can be chosen for every wire) 
- 2D projection of bunch shape (standard):  
    slice time-structure measured at a serious of wire positions 
    ~6 minutes/full projection 
    ~30 min in Ring cyclotron (smaller aperture, not stopped) 
- check of PMT voltage:    
    slice time-structure measured for several PMT voltages  
    (at fixed wire position) 
- check of time resolution: 
    as above but coincidence signal instead of reference signal  
 
functionality 
- sets relays  
- proposes useful voltage and position ranges 
    for all locations & measurement modes 
- steers drives, starts/stops/reads MCA (waits if beam is missing) 
- monitores PMT base current for over-current condition 
- logs ~500 machine parameters (settings, losses) 
    plus wire current, plus PMT voltage & base current  
    at each wire position (min/max/av)     (  test case for simulations ) 
- (some machine interlock levels has still to be increased by 
    hand to allow for increased losses from wire) 
- gives progress information 
- still not a „standard“ application 

measurement software 

   technique 
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- starts with useful time and position ranges 
   for all locations & measurement modes 
- performs corrections (configurable) 
- shows 1 logged machine parameter (out of ~500) 
- writes data to files 

results 

evaluation 
& display 
settings 

measurement settings 

input for  
simulation 

   technique 

evaluation software 
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57 - 72 MeV 
production beam 2200 uA 
 
 
 
 
 
- Three separate scans with  
   correspondingly adapted  
   PMT voltage ramps.  
- A relative phase slip of ~9° builds up  
  over the last 11 turns.  
 

   results 

beam at Injector 2 last turns 
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condensed to bunch parameters 
of  many turns at 2200 uA 
 
 
 
extracted from the three scans 
(plus two repetitive scans, one 
with increased PMT voltage) 
individually 
  
 
 
 
 
 
 
 
 
 
 
 
derived from a  
combination of two scans 
 
 
(lines only to guide the eyes)  

beam at Injector 2 last turns 
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beam after at Injector 2 

production beam 2200 uA 
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performance: artefacts? 

production beam 2200 uA 
behind Injector 2 
"quiet environment" 

possible sources of artificial counts: 
- background radiation   
  (especially difficult when correlated  
   i.e. created by loss generated by the wire) 
- coupling of stray RF fields to 
  measurement cable (correlated) 
- reflections in timing circuit 
 
even in a "quiet environment" it is difficult 
to judge what is an artefact 
- transversal tails are presumably real 
- longitudinal tails may eventually be  
  artefacts 
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performance: dynamic range 

production beam 2200 uA 
last turns in Injector 2 
"quiet environment" 

2 nA 
47 pA 
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 Dölling, HB2010  

raw data     filtered 

performance: dynamic range 

production beam 2200 uA 
in Ring cyclotron 
at high beam loss 
not a "quiet environment“ 
(and a degraded scintillator) 

an example of a low dynamic range: 

   results 
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performance: time resolution 

   results 

"old" 
setup 

"new" 
setup 
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performance: time resolution 

correction of resolution 
(assumed to be 13.5 ps) 
by quadratic subtraction:   

this comes to its limits!       

Dölling,  HB2012 

beam 50 uA 
after Injector 2 

This is 
at 72 MeV ! 
 
At 590 MeV 
it is worse  
but still   
good enough. 
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reference for wire probes/monitors with current reading 

production beam  
2200 uA 
last turns in Injector 2 
carbon wire Ø33 um 
"quiet environment" 
 

Thermionic emission dominates current signal of slowly moved wire probe in narrow beam (@72 MeV). 
Can be suppressed by positive wire bias.  (Simulations: will be <1% of regular signal if wire speed >1 m/s) 
Stray particles limit dynamic range of wire probe (depends on environment).    
When thermionic emission is not developed, 0 V bias gives the best result (in this environment). 
Bunch shape measurement is clearly superior (but slow).    

wire current  
is measured 
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improvements at 590 MeV 

E discriminator  
acceptance window 

 better rate 

(LED acceptance level  
 only a few slower particles usable) 

       

second detector  
after ~0.5 m  
further path 

has also to be passed  
for acceptance 

 better immunity against 
     background radiation 

 better dynamic range 

longer drift needed for full separation? 

no discrete energies coincidence measurement 

eventually an additional probe at the last turns of the 
Ring cyclotron 
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beam energy measurement at 72 MeV 

The energy of the beam after the Injector cyclotron 
can be determined to ~1e-3 
 
by making the distance detector-wire variable 
(by setting the detector on a motorized feedthrough) 
and taking the time spectra at two different distances. 
 
 
 
Eventually it is possible to unfold some details of the 
beam energy distribution. 

   eventual next steps 
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my personal view on the future development of our machine 

   relation to beam dynamics simulations and machine development 

Yang, Bi, Wei, Zhang, Adelmann, ... 
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Thanks for listening!   

Bunch-Shape Measurements at PSI’s  
High Power Cyclotrons and Proton Beam Lines 

Rudolf Dölling,  Paul Scherrer Institut, CH-5232 Villigen-PSI    
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condensed to bunch parameters 
of  last turn at varied current 
 
 
extracted from the three scans 
(plus two repetitive scans,  
 one with increased PMT voltage)
individually 
  
 
 
 
 
 
 
(parameters logged during measurement) 
 
 
 
 
 
 
derived from a combination of two scans 
 
 

back-up slide: beam at Injector 2 last turns 

   back-up slides 



R. Dölling, Bunch-Shape Measurements, CYCLOTRONS’13 

idea: restoring short beam at entrance of Ring cyclotron 
 roll-up there (?) 

(layout based on 1D bunching simulation) 

preliminaty tests: full voltage / envisaged operation  
not possible yet due to increased losses 

probable explanation: 
difficult to match beam and halo 

Schmelzbach et al.,  EPAC06 

J. Yang et al.,  HB2008 

M. Humbel et al.,   
this conference 

Schmelzbach et al.,  EPAC06 

   back-up slides 

back-up slide: "super-buncher" 
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possible strategy:  understanding beam losses in detail      
      where (at low energies) to cut and how to match the halo („collimation system“)  
      controlled beam tails,  „matching of beam & halo“ 
      lower losses 

this needs  
    detailed simulations  
    detailed input from diagnostics           bunch-shape measurement, halo measurement 
 
what precision of measurement & simulation is needed?  (maybe less than anticipated at first glance) 
 
encouraging steps done  (OPAL code includes space charge, fields, scattering, optimisation, 
                                         not neutralisation) 
 
still much to do  (put many details to input file: 
         collimators, trim coils, measured profiles, ... 
         space-charge neutralisation at 0.87 MeV?) 
 
and still far from full description or prediction 
 
will it work? 
 
it is essential for further development of the machine 
 
 

   back-up slides 

back-up slide: simulations 



<<
  /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


