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• Scanner resolution:

• The maximum divergence

• The maximum voltage for the 
maximum analyzable divergence 

Principle

x'm 2g (D 2 )

Vm
28Eg (D2 4 2)

mradmm 03.0/2 Ds

3

* Allison et al – “An Emittance Scanner for Intense 
Low-Energy Ion Beams”
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• Allison scanners are high-resolution compact 
emittance scanners *  

• A front slit, deflecting plates, a rear slit, and a 
Faraday cup in a single unit is stepped across 
the beam with a stepper motor

• At each step the beamlet selected by the front 
slit is stepped across the rear slit with the 
deflecting   plates and the transmitted current 
is measured by the Faraday cup. 



Motivation
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• TRIUMF has several emittance scanners in operation ranging down to 
intensities of 1nA and beam powers up to 10W
• Typical beam  phase space is 30 mm mrad and the resolution is 0.03 mm 

mrad
• the sampled beamlet selected through the back slit is ~200-1000 times 

less than the  total beam intensity 
• so 1nA means sampling intensities of 1pA – limited by Faraday cup noise 

suppression

• Low intensity monitor
• Radioactive beam  intensities are typically in the range of fA to pA
• a low intensity monitor was required for ion source development and on-

line tuning

• High intensity monitor
• The e-Linac operates with cw beam intensities up to 10mA
• We wanted a monitor to diagnose the 300keV electron gun performance 

up to near cw conditions - 1kW average beam power



PART I 

5

LOW INTENSITY EMITTANCE SCANNER
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Low Intensity Emittance Scanner: 
FC mode, CEM Mode

• Goal: Low intensity emittance scanner to measure the beam emittance starting at very low 
beam currents: from 104 pps (1.6 fA) for diagnosing radioactive ion beams

• In the new design – two modes can be used:
• the Faraday cup at the end of the emittance scanner is tilted 
• a channeltron (Channel Electron Multiplier) is incorporated as an additional feature 
• the secondary electrons are captured, multiplied and measured at the anode
• the emittance is indirectly determined from the secondary electrons

L [mm] 50

d [mm] 1.5

D [mm] 53

g [mm] 2

s [mm] 0.038

E [keV] 60

x’m [mrad] ±75.5

Vm [V] ±770.77

El_F [V/mm] ±385.39
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Channel Electron Multiplier (CEM)
Sourced from Dr. Sjuts Optotechnik GmbH
http://www.sjuts.com/

CEM Gain as a function of count rate 

7

• The measured count rate represents the secondary electron intensity and is therefore 
proportional to the ion beam intensity.

• The system is capable of processing secondary electron intensities from tens to about 106

particles per second.
September 4, 2014 Allison Scanner Emittance Diagnostic Development at TRIUMF - A.Laxdal

CEM model – KLB2107
Extended Dynamic Range CEMs (typically 70 MOhm)



Mechanical Design 

• The channeltron has a limited lifetime around 5x1012

accumulated counts. 

•The end part of the scanner, housing the bias ring, 
the Faraday cup and the channeltron, can slide out 
and be replaced in situ. 

• The slits and the electrostatic plates are not affected 
by the replacement of the channeltron. 

• To allow replacement of the 
channeltron and Faraday cup in 
situ, LEMO connectors were 
mounted on a plate fixed to the 
side of the emittance scanner 
body.
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Controls xx
• The emittance scanner 
software is a subroutine running 
under the control of EPICS. 

• There are two modes of 
operation:

•Faraday cup using a VME 
current amplifier
•channeltron using a VME 
scalar (model Joerger
VSC16) 

•Typical scan takes 1 minute to 
15 minutes depending on 
resolution – 150ms/step

• Data file is processed and 
contour-plotted using a MATLAB 
script - automatic
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Faraday Cup emittance measurement vs. 
CEM emittance measurement

Measurement with Faraday Cup type Scanner Measurement with CEM type scanner

Above: 10nA 7Li at 20 keV 
Notice the level of background noise. 
This noise is about +/-1pA in one pixel.

Above: 1pA, 27Al at 20 keV
104 times less current and yet the noise is far 
less.
Gain in sensitivity is roughly a factor of 106.
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10nA 1pA

Measurement with Faraday Cup type Scanner 

Above: 10nA 7Li at 20 keV 
Notice the level of background noise. 
This noise is about +/-1pA in one pixel.

Measurement with CEM type scanner

Above: 1pA, 27Al at 20 keV
104 times less current and yet the noise is far 
less.
Gain in sensitivity is roughly a factor of 106.



Emittance scans with CEM

Emittances at very low intensities:

225Ra at 20 keV
Intensity=13,000 cps ( 2fA ) 

= 4.2 mm mrad
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2 fA



Detecting Isobaric Contamination

• Isobaric contaminant identification and 
separation

• 1000pA before the mass separator –
5pA after the mass separator

• Contaminant 26Na 
• RIB of interest 12C14O

• These scans show that the emittance meter 
is capable of detecting isobaric 
contamination 

• helps us understand beam properties and 
transmission losses in the mass separator 
magnet, even at low intensities.
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Contaminant RIB



PART II
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HIGH POWER EMITTANCE SCANNER
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Specifications 

• Requirements for high power emittance 
meter for the e-linac project

beam particles electrons
particle energy 100 – 300 keV
beam current 10 mA
beam power 1 kW  
beam size ~10 mm
vacuum UHV 10-9 T 

small volumes 
UHV competitive materials

• Location of emittance meter
• e-Linac LEBT beamline for e-Gun beam 
characterization
• In a small diagnostic box 

•CF 6-way SS reducer cross (2x) 6” OD (4” 
ID) CF x (4x) 4.5” OD (2.5” ID) CF
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scanner
Gun

E-Linac LEBT Beamline



Overview of Parameters

• For relativistic particles the 
voltage is smaller by a factor k

k 2 (1 1/ )Vm rel Vm /k and
15

BEAM ENERGY 60 keV 300 keV
D (mm) 49 49
δ (mm) 2 2
g (mm) 3.5 3.5
s (mm) 0.038 0.038
K 1.06 1.23
Vm-rel (V) ±2,337 ±10,046
x’m(mrad) ±132 ±132
Electric field 
(V/mm) 668 2,870 s
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Assembly
Dimensions:
l x w x h = 60 mm x 44 mm x 45 
mm
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High Energy Metals, Inc

17

Design considerations - UHV compatible (1)
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• Flange and emittance scanner in one body
• OFHC copper explosively bonded to SS to eliminate 

soldering/brazing in vacuum
• SS flange all feedthrough can be welded
• Very small UHV seal

• spring energized metal C-ring, made of 
Inconel/silver plated

• The protective plate is made of tungsten 
explosively bonded to a OFHC plate for better 
thermal conduction. 



Air

• The cooling lines are 
placed into an inner tube, 
at atmospheric pressure.

• All feedthroughs are 
rated at 5kV, bakeable at 
250degC

•The 4 wires (signal and 
voltage) are Kapton
insulated, except for the 
Faraday Cup signal which 
is also shielded ( small 
coaxial cable).

• X-Ray resistant 

Design considerations - UHV compatible (2)

18

Vacuum
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Thermal considerations and ANSYS 
simulations

• Thermal calculations were done for the water-copper thermal convection;
calculated the heat transfer coefficient.   
• Results were used to do simplified 3D (ANSYS) models of the thermal 
conduction at different homogenous beam intensities and sizes
• The main constraint is introduced by the power density on the front slit: 
densities in excess of 115 W/mm2 will close the slit (of 1.5 thou) through 
thermal expansion. 

Beam energy [keV] 60

Beam diameter [mm] 2

Beam intensity [mA] 6

Power density [W/mm2] 115
Slit Temp [deg C] 1,650

Front plate Temp [deg C] 445

Thermal expansion [μm] 33
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Results: 60keV and 660W

• Iave=11mA , P=660W
• The rms beam is 2.69 mm 
with 30 W/mm2

• Beamlet current 
• 100μA in a 0.03 mm-mrad 
pixel of phase space
• 4 μA at the peak of the 
figure 

• Noise: 1nA
•This allows details to the 
98% contour

• εrms = 10.1 μm
• ε39% = 7.1 μm

• Distortion (“bow-tie”) may be 
due to space charge, non-
optimal Pierce geometry angle 
and conduction angle. 
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11 mA
660W



Emittance scan: 300keV, 725W
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2.37mA
725 W



Emittance scans: 60keV, 11mA at WAIST 
1% D.F. 
rms beam size 1.14 mm
Power Density 1.6 W/mm2

99% D.F.    
1.14 mm
160 W/mm2 2,300 deg C (ANSYS)

Slit closed!
Consistent with the preliminary 
thermal  calculations and ANSYS 
simulations 
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11 mA @ 1% DF
6.6W

11 mA @ 99% DF
660W



Inspection - Front plate

• Copper vaporization from the back of the protection plate 

•Tungsten entrance slit plated with copper 

• The emittance scanner body and entrance slits were not damaged. 
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Conclusions
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• We have extended the useful range of the 
TRIUMF Allison scanner down to 1 fA and up to 10 
mA (1kW) 

• a range of 1013

• Small/compact design 

• A low intensity emittance meter is installed at 
ISAC and is routinely used to diagnose low 
intensity radioactive beams 

• 106 more sensitive than previous version

• A second scanner has been used at the e-linac
injector to characterize c.w. beams up to a beam 
average power of 1kW. 

2 fA

11 mA
660W
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Merci!

TRIUMF: Alberta | British Columbia | 
Calgary  Carleton | Guelph | Manitoba | 
McMaster  Montréal | Northern British 
Columbia | Queen’s Regina | Saint Mary’s | 
Simon Fraser | Toronto Victoria | Winnipeg 
| York

Questions?



<<
  /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


