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Driven Force of High Intense Ion Source 

D+ Linac for BISOL

Driven Force of High Intense Ion Source 

10-50mA 40MeV D+/H2
+@PKU

D-Plate

40 MeV
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Numerous High Intensity Linacs

Project
Particles Intensity Duration Repetition Emittance Source 

Labp/d/H2/O/He/Li mA ms Hz ε(π mm.mad)
LEDA H+ 100 CW - 0.25 LANL

SARAF H+, D+ 2 CW - 0.2 ACCEL
IPHI H+ 100 CW - 0.25

CEA
/Saclay

IFMIF D+ 140 CW - 0.25
Spiral2 H+, D+ 5 CW - 0.25
FAIR H+ 100 1 4 0.3
ESS H+ 60/90 3 14 0.3

INFNDAEδALUS H2
+ 5-10 100 2 0.2

CIADS H+ 10 CW -
IMPCASCPHS H+ 50 0.5 50 0.2

SFRFQ O+ 6 1 166 0.2

PKU
PKUNIFTY D+ 40 1 100 0.2

C- RFQ He+ 10 1-CW 166 0.2
DWA H+ 40 1 100 0.2

CIFNEF H+, H2
+, Li3+ 20 CW - 0.2

BISOL H+, H2
+, D+, He2+ 50 CW - 0.16

The beam generation ability, its stability, reliability,

reproducibility, lifetime, operation convenience and cost of 

an ION SOURCE is extremely important!
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• Electron Bombardment ion source
• Hollow Cathode ion source 
• Reflex Discharge Multicusp source
• Cold- & Hot-Cathode PIG
• Electron Cyclotron Resonance ion 

source (ECR)
• Electron Beam Ion Source (EBIS)
• Surface Contact ion source 
• Cryogenic Anode ion source
• Metal Vapor Vacuum Arc ion source 

(MEVVA) 
• Sputtering-type negative ion source
• Plasma Surface Conversion negative 

ion source
• Electron Heated Vaporization ion 

source
• Hollow Cathode von Ardenne ion 

source
• Forrester Porus Plate ion source
• Multipole Confinement ion source
• EHD-driven Liquid ion source 

• Microwave ion source 
• XUV-driven ion source
• Arc Plasma ion source
• Surface Ionization ion source
• Charge Exchange ion source
• Capillary Arc ion source
• Von Ardenne ion source
• Capillaritron ion source
• Canal Ray ion source
• Pulsed Spark ion source
• Field Emission ion source
• Atomic Beam ion source
• Field Ionization ion source
• Arc Discharge ion source
• Multifilament ion source
• RF plasma ion source
• Freeman ion source
• Liquid Metal ion source
• Beam Plasma ion source
• Magnetron ion source
• CHORD
• Calutron ion source

• Bayard-Alpert type ion source
• Inverse Magnetron ion source
• FEBIAD ion source
• Nier ion source
• Bernas ion source
• Nielsen ion source
• Wilson ion source
• Recoil ion source
• Zinn ion source
• Plasmatron
• Duoplasmatron
• Duopigatron
• Laser ion source
• Penning ion source
• Monocusp ion source
• Bucket ion source
• Metal ion source
• Multicusp ion source
• Kaufman ion source
• Flashover ion source

The Opulent Ion Source Buffet*

56 different ion sources !

Today’s selection features the most 
important ion sources!

*Ion source list from SNS M.Stockli’s report

 Compact-PIG-Ion Source (Dual Hollow Cathode Discharge)

 Hybrid 2.45 GHz Microwave Driven Ion Source (Li3+ Source)

2.45GHz ECR Ion Source may be the best 
choice for High Intensity Linac!

Tens to hundred mA single-charged ion beam with 
emittance ~0.2π.mm.mrad!
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Principle of a 2.45GHz ECR Ion source
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injection

RF

RF
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HV 
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Q

The Unique Characteristic of a 2.45 GHz ECR, is limitless life time 
because of no consumption units (no filament, no antenna)!

 Its Distinguish Characteristic: 
 It can produce high intensity H+ / H2

+ /O3+, etc. in DC/Pulsed mode; 
 H+/D+ current can goes to Hundred mA with emittance of ~0.2π.mm.mrad;
 High stability & reliability & reproducibility, long lifetime,...

ECR Source 
Resonance zone :

ω = e B / m  
ω, pulsation

e, electron charge
B, magnetic field

m, electron mass.
2.45 GHz  875 Gauss
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And some industrial companies: PANTECHNIK……

Worldwide Intense 2.45GHz Source Activity

Los Alamos, late 90’s[2]
Indiana University, 21th [3]

Chalk River, early 90’s[1]

[1] T. Taylor et al, NIMA 336, 1,1993.
[2] J. Sherman, et al. RSI 69,1003, 1998
[3] V. P. DerenchukV et al, RSI 75, 1851 (2004).
[4] P-Y. Beauvais, et al,  PAC,Vol.1,1997.
[5] G. Ciavola et al, RSI 73, 1030 (2002) 
[6]丁俊章等，核技术， 24（1） 2001
[7] 崔保群等，中国原子能科学研究院年报;1999年00期(in Chinese)
[8] Song Z.Z., 3rd Symposium on Ion Sources and Beams, 1987 (in Chinese). 

IMPCAS, 21th [6]
CIAE, 21th [7]
Peking University, 80’s[8]

CEA/Saclay, since 90’s[4]
INFN Catane, 21th [5]
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High Intensity Light Ion Sources(SILHI), CEA/Saclay
Courtesy R. Gobin

Ridged 
transition

Plasma 
chamber

Pumping 
adaptator

5 electrode
extraction system

D2 inlet

Cooling 
water

Permanent 
Magnet

Large Body with Coils

Small Body with PM

Ion type H+ D+ He+

Current(mA) 157 175 104

Density(mA/cm2) 247 275 163

O. Delferrière, RSI 79, 02B723 (2008) 
R. Gobin, etc., EPAC 2002, Paris, France, 1712-1714(2002) 

IPHI/IFMIF/FAIR

SPIRAL 2
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Availability : 99.96%

Total : 104.05 h

Energy = 95 keV
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Availability : 99.96%

Total : 104.05 h

Energy = 95 keV

RMS emittance < 0.2π.mm.mrad
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IFMIF,SILHI source(Coil), CEA/Saclay

3.3m x 2.7m

Courtesy R. Gobin

Source body
600mm x φ500mm

>200kg
Extraction System
300mm x φ600mm



10/20Friendship Hotel Beijing, China, 16-21 Sept. 2018.  email:sxpeng@pku.edu.cn 1018 September 2018

IFMIF Source Status 

H+ 50 keV, 
PE 9 mm φ

D+ 100 keV, 
PE 12 mm φ

Iext=13 mA
Iext=20 mA

Iext=35 mA
Iext=30 mA

Iext=40 mA

Typical EMU data (Iext=20 mA)
x’

 (m
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d)

x (mm)

working points

for RFQ injection

Extraction gap voltage between PE-puller (kV) Extraction gap voltage between PE-puller (kV)
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Extraction gap voltage between PE-puller (kV)

Beam size 
increasing

Iext=155 mA

Iext=165 mA

Iext=175 mA

Iext=45 mA

Iext=60 mA

Iext=75 mA

Iext=80 mA
To be used for 
next 
campaign

TU0A04, 
M. Sugimoto

H+ 50 keV, PE 6 mm φ

Current，emittance, stability, reliability, reproducibility
of SILHI are VERY promising!
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Permanent Magnet, Dielectric Window, Limited HV region
PKU PMECR Ion Source

HV Breakup 
@70kV

Gas inlet

Source 
body

Extraction 
Column

Cooling 
water

High Voltage Region
φ300mm x 230mm

Source Body
Out:  φ10cm x 10 cm(H) 
Inner: φ40mm x 50mm(H)
Wet: < 5 kg

Extraction System
100mm x φ 230mm

φ6mm hole
HV platform

φ300mm x 230mm

80mm
@100kV

[1]O. Delferrière, RSI 79, 02B723 (2008) 
[2]S. X. Peng, A. L. Zhang, H. T. Ren, etc. Chin. Phys. B, 26(2): 025206(2017).

Standard ones

Labs CEA/Saclay [1] PKU[2]

Ion type H+ D+ He+ H+ D+ He+ O+ Ar+ N+

Current(mA) 157 175 104 130 83 65 70 70 84

Density(mA/cm2) 247 275 163 460 294 230 247 247 297
Facility IPHI/IFMIF/FAIR

SPIRAL2, etc.
DWA/Proton 

Therapy
PKUNIF

TY
Coupled 

RFQ
SFRFQ Ion 

Implantation

emittance < 0.2π.mm.mrad
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294.6 h
500W@φ6mm

[1] S. X. Peng, A. L. Zhang, H. T. Ren, etc. Chin. Phys. B, 26(2): 025206(2017).
[2] S. X. Peng*, A. L. Zhang, H. T. Ren, etc., Rev. Sci. Instrum., 87: 02A706(2016). 
[3] S. X. Peng*, A. L. Zhang, H. T. Ren, etc., Chin. Phys. B 24(7) :075203(2015).
[4] 张艾霖博士论文，强流直流质子源若干物理与技术问题的研究，2017年6月，中国科学院&北京大学.
[5] 直流质子源现场验收报告，2016年6月30日.

Stability of PKU CW 2.45GHz ECR Proton
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 Details of the 50mA@50keV CW H+ Beam 

 Beam Transverse Distribution  Its rms emittance 0.186

 Pulsed Beam

130mA@50kV
φ6mm53.8mA@50kV

 Moment beam record
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D+ Injector for PKUNIFTY, 2010/5

40mA/50keV
ε<0.2π.mm.mrad

56mA/50keV
ε<0.16π.mm.mrad

 Ion source and LEBT was considered as a 
whole in this design. The LEBT total length is 
1.36m.

 This Injector was finished within the budget on 
time schedule.

 No maintenance is required since operation.
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DWA, H+ Online (2013/10/15，Mianyang, SiChuan）

Requirement
10mA/φ10mm@40kV

50mA/φ40mm
ε<0.1π.mm.mrad

Achieved
54mA/φ10mm@40kV

ε<0.1π.mm.mrad

S.X. Peng*, etc., NIM A763 (2014) 120-123.

Up to April 2018
Count operation time: 1498h

No beam-off
 No sparks 
High Stability

 High reproducibility
No maintenance is required up to now.
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1)New Miniaturized 2.45GHz ECR Ion Source

Integrated one

Source Body

40mm x φ30mm

Pulsed mode with 100Hz@1ms

Some other relevant progress at PKU

14
0m

m

φ180mm

Itotal1.17mA@35kV

CW@40kV

RF 180W@ 21.7mA H+

RF 10W@3mA H+

1.7mA He+

CW@5kV

He+ 1.7mA@10W

[1] Jia-Mei Wen, Shi-Xiang Peng, etc., Chin. Phys. B, 27(5) (2018): 055204. 
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Some relevant progress at PKU
2) H2

+/H3
+ PMECR Source – D+ linac, limited space charge efficiency
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：Extract Voltage 45 keV

 

15 keV H+ 30 keV H2
+

45 keV H+

45 keV H2
+

45 keV H3
+

R
el

at
iv

e 
in

de
ns

ity

Magnetic Field(Gauss) 

1. Patent, No. 2017103287327
2. Y. Xu, Shi-Xiang Peng, et al., Chin. Phys. B 26(8), 085203(2017).
3. Y. Xu, S. X. Peng, et al., Rev. Sci. Instrum. 85, 02A943 (2014).
4. W.B Wu, etc, SCIENCE CHINA Physics, Mechanics & Astronomy 61

(2018):045211. 
5. W.B. Wu, etc., Chin. Phys. B, 26(9) (2017):095204. 
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O3+ 273 eμA

O2+ 446eμA

He2+ 4.4mA 
1. Y. Xu, Shixiang Peng, et al., SCIENCE 

CHINA Physics, Mechanics & Astronomy 
60(6), 060021(2017). 

3) 2.45 GHz Microwave Driven Multi-charged Ion Source

Some relevant progress at PKU
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4) Li3+ source is on the way

Some relevant progress at PKU
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 High Intensity Single Charged ion beams are more and more 
requested by High Intensity Accelerators.

 Results of CEA/Saclay and PKU 2.45GHz ECR cases prove that 
the requirements of High Intensity Linacs on beam intensity, 
reliability, emittance, and so on, can be met by this type 
source. 

Source(source body, extraction system, HV region…) can be 
a little bit larger or smaller.

Current can be up to 100 mA or down to 1 mA.

 A 2.45GHz ECR ion source can be explored to produce tens mA 
H2

+/H3
+ and hundred μA O2+, O3+ etc. with some specific 

design according to the element characteristic.

 For a high intensity LINAC, a better way is to consider the 
Ion source and the LEBT as a whole.

Summary



21/20Friendship Hotel Beijing, China, 16-21 Sept. 2018.  email:sxpeng@pku.edu.cn

21



<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType 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


