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Outline

• ECR Ion Sources Overview
• Next Generation Facility Requirements
• Design Parameters and Challenges
• Uranium Beam Production
• 3rd Generation ECR Ion Sources
• Towards 4th and 5th Generation ECR Ion 

Sources
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View into the plasma chamber of the VENUS ECR Ion Source
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• The requirements of next generation heavy ion beam facilities are barely met by current 
state-of-the-art ECR ion sources.

• Particular challenge: High intensity uranium beams and the versatility of beams required

5/15/2019 3

Demands For Higher Charge State Ions Continue To Drive 
ECR Ion Source Development

IMP, Lanzhou, China

SECRAL and FECR 
1.0emA(U35+ - U46+)

SC-ECRIS
525 eµA U35+

RIKEN Rare 
Isotope Beam 
Factory, Japan

Facility for Rare Isotope Beams, 
East Lansing, US SPIRAL 2, 

GANIL, France

1mA Ar12+rt

VENUS - II
540 eµA (U32+, U33+)
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• A 3 MW modified fusion machine 
(CIRCE) to produce ion beams

• The legend says that, at first 
power switching, an electrical 
black out occurred on half of 
Grenoble city!

Electron Cyclotron Resonance Ion Sources - History

Starting in 1972 R. Geller in Grenoble converted fusion plasma devices into the first 
ECR ion source.
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Supermafios (Geller, 1974)
15 eµA of O6+
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Electron Cyclotron Resonance Ion Source Development 
Supermafios (Geller, 1974)
15 eµA of O6+

VENUS (2004)
4500 eµA of O6+

Fully superconducting NbTi ECR ion sources operating at 28 GHz Microwave plasma 
heating frequency are now the state-of-the-art injector sources for heavy ion facility. 

SECRAL-II (2016)
6100 eµA of O6+



10th International Particle Accelerator Conference
MELBOURNE CONVENTION & EXHIBITION CENTRE, AUSTRALIA |  May 19-24, 2019 

ECR Ion Sources Are Confined Plasma Devices

6

Ingredients of an ECR-Ion 
Source
• The plasma must be confined 

(magnetic fields) and heated (RF) if it 
should be sustained for some time

• Microwave (GHz) used for plasma 
heating (electrons)
 Hot Electrons 
 Cold Ions (good emittance)

• Plasma Ions: Gas injection, vapor 
from external devices (e.g. ovens), 
sputtering

• Charge balance is determined by the 
neutral gas pressure in the source, 
electron temperature and 
confinement time

ECR Plasma
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Plasma electrons are resonantly 
heated with microwaves

e

Magnetic flux line

ECR Ion Sources Are Confined Plasma Devices
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Key Parameters for an ECR Ion Source Performance 

Key parameters
Ion confinement times i

Plasma densities ne

Electron temperature Te

Charge exchange/
neutral gas density ex
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SECRAL Magnetic field

Minimum-B field confinement structure

e- heating
µ-wave

Gas Feed

Solenoids

Sextupole



10th International Particle Accelerator Conference
MELBOURNE CONVENTION & EXHIBITION CENTRE, AUSTRALIA |  May 19-24, 2019 

Beams
(eµA)

VENUS *      
28+18 GHz 

(2018, 10 kW) 

SECRAL I+II**  
24+18 GHz 

(2018, 10 kW)
O6+ 4750 6700
O7+ 1900 1750

Ar12+ 1060 1420
Ar17+ 115 133
Xe27+ 705 920
Xe38+ 26 N/A
Bi30+ 310 710
Bi61+ 0.1 N/A

◦U32+ 450 200
◦U35+ 300 N/A
U47+ 5 N/A

Required 
Intensities

(eµA)
> 400
> 400

> 1000

> 500

>650

>500
>500

>1000
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Leading 3rd Generation SC ECR Ion Sources Performance

*Dan Xie, ECRIS2018-MO02, Catania, Italy, 2018
◦Janilee Benitez, ECRIS2012, Sydney, Australia, 2016
**Liangting Sun, ECRIS2018-TUA5, Catania, Italy, 2018

Demonstrated source performances and improvements 
show that next generation accelerator performance 
requirements are in reach, but challenges remain
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• Uranium Vapor: Very high oven temperatures
are needed to produce sufficient U flux into the 
plasma: 1900 °C to 2200 °C

• High magnetic field at the oven location 

• Reliability of the oven under these conditions
(chemical reactions at high temperature, material fatigue)

9

High intensity Metal Beams – Why is Uranium so challenging?

High Temperature Oven 
(up to 2200 C)

Microwave Screen

Axial Oven
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Materials tested at LBNL
UF6

U

URe2

UO2
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Uranium Beam Development at LBNL

High Temperature Oven 
(up to 2200 C)

Works well in Re, Ta, W ovens,  but not 
commercially available (1800- 2000 °C)

Works well, readily available, 2-3 weeks 
production run completed in LBNL and RIKEN 
– Rhenium Oven (2000- 2300 °C)

Yttria crucibles, liquid - corrosive
High charge state ion performance terrible
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Strong Magnetic Field At The High Temperature Oven 
Location Results In Challenging Design Conditions

F=IxB
300A, 4T 
2.5cm length, 30N
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Oven is located close to 
the peak of the mirror field

Possible solution: Use of AC heating currents – needs to be tested and optimized

Force limits the 
temperature that can 
be achieved reliably in 
operation
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Possible Solution Is A Coaxial Oven: The Heater Current 
Flow Is Parallel To The Magnetic Flux Lines

Needs testing and development to achieve the reliability required for operations
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Leading 3rd Generation SC ECR Ion Sources Performance

*Dan Xie, ECRIS2018-MO02, Catania, Italy, 2018
◦Janilee Benitez, ECRIS2012, Sydney, Australia, 2016
**Liangting Sun, ECRIS2018-TUA5, Catania, Italy, 2018

Beams
(eµA)

VENUS *      
28+18 GHz 

(2018, 10 kW) 

SECRAL I+II**  
24+18 GHz 

(2018, 10 kW)

Required 
Intensities

(eµA)
O6+ 4750 6700 > 400
O7+ 1900 1750 > 400

Ar12+ 1060 1420 > 1000
Ar17+ 115 133
Xe27+ 705 920 > 500
Xe38+ 26 N/A
Bi30+ 310 710 >650
Bi61+ 0.1 N/A

◦U32+ 450 200 >500
◦U35+ 300 N/A >500
U47+ 5 N/A >1000

Demonstrated source performances and improvements 
show that next generation accelerator performance 
requirements are in reach, but challenges remain
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The Ion Beam Intensities Needed For Future Heavy Ion Facilities 
Require Development of 4th and 5th Generation ECR Ion Sources

Uranium High Charge States
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O3+

C2+
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3.5 kW 28 GHz 
650 W 18 GHz

O2+

optimized 
on HCSU47+

Uranium Medium Charge States* Heavy Ion Research 
Facility (HIRFL), 
Lanzhou China

1000 eµA(U35+ - U46+)

VENUS Performance: 450 eµA U33+, 10 eµA U46+

*Janilee Benitez, ECRIS2012, Sydney, Australia, 2016
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ECR (1983)
0.4 T, 0.6 kW, 6.4 GHz

AECR-U (1996)
1.7 T, 2.6 kW, 10 + 14 GHz

VENUS (2001)
4.0 T, 14 kW, 18 + 28 GHz

Increasing Both Magnetic Fields And Frequencies 
Are The Key To Improved Performance

4th Generation (2025?)
6-8 T, 30 kW, >45 GHz

20 eµA Ar12+ 200 eµA Ar12+

NORMAL CONDUCTING

Beam Current

Average Charge State
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SUPER CONDUCTING
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AECR-U (1996)
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VENUS (2001)
4.0 T, 14 kW, 18 + 28 GHz

Increasing Both Magnetic Fields And Frequencies 
Are The Key To Improved Performance

4th Generation (2025?)
6-8 T, 30 kW, >45 GHz

20 eµA Ar12+ 200 eµA Ar12+ 1000 eµA Ar12+ 3000 eµA Ar12+ ?

NORMAL CONDUCTING SUPER CONDUCTING

Beam Current

Average Charge State
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ECR (1983)
0.4 T, 0.6 kW, 6.4 GHz

AECR-U (1996)
1.7 T, 2.6 kW, 10 + 14 GHz

VENUS (2001)
4.0 T, 14 kW, 18 + 28 GHz

4th Generation (2025?)
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Increasing Both Magnetic Fields And Frequencies 
Are The Key To Improved Performance
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Third Generation SC ECR Ion Sources: NbTi

Solenoid-in-Sextupole Geometry 
(SECRAL I, SECRAL II)

Sextupole-in-Solenoid Classic Geometry 
(VENUS, VENUS II, SC-28 RIKEN I+II, SuSI)

• Minimizes the influence of the solenoid on the 
sextupole field

• Significantly higher field required for the sextupole
magnet due to the larger coil radius

• Strong forces on the solenoid coils

• Minimizes the peak fields at the coils
• Strong influence (forces) of the solenoid 

field on the sextupole ends 

Two geometries have been successfully realized to create the min-B field
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Binj ~ 4 ∙ Becr

Bmin ~ 0.8 Becr

Bext ~ Brad

Brad ≥ 2 Becr

4T

.5-.8 T

2T

2T

28 GHz

8T

1-1.6 T

4T

4T

56 GHz
BECR

28 GHz BECR= 1 Tesla

56 GHz BECR= 2 Tesla

Magnetic Design 28 GHz 56 GHz

Max solenoid 
field

on the coil 6 T 12 T
on axis 4 T 8 T

Max 
sextupole 
field 

on the coil 7 T 15 T

on plasma 
wall

2.1 T 4.2 T

Superconductor NbTi Nb3Sn

Superconducting Magnets: ECR Design Rules
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LBNL Has Developed A Conceptual Design For A 56 GHz 
Nb3Sn ECR Magnet Based On The VENUS Geometry

Sextupole-in-Solenoid Classic Geometry

• Minimizes the peak fields in the coil
• Strong influence (forces) of the solenoid 

field on the sextupole ends 

P. Ferracin et al.,Rev. Sci. Instrum., vol.81, 02A309 (2010)
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Fourth Generation Nb3Sn ECR Ion Sources Are Emerging

*H.W. Zhao et.al ECRIS2018, Catania, Italy, 2018
*H.W. Zhao et. al.,Rev. Sci. Instrum., vol.89, 052301 (2018)
**M. Juchno et al.,IEEE Trans.Appl.Supercond., 28, 4602806(2018)

45 GHz ECR Magnet Design has been developed in a collaboration between LBNL and IMP
FECR Nb3Sn magnet mechanical structure** FECR Magnetic Design * 

R&D/ Prototype Phase
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Fourth Generation Nb3Sn ECR Ion Sources Are Emerging

*H.W. Zhao et.al ECRIS2018, Catania, Italy, 2018
*H.W. Zhao et. al.,Rev. Sci. Instrum., vol.89, 052301 (2018)
**M. Juchno et al.,IEEE Trans.Appl.Supercond., 28, 4602806(2018)

45 GHz ECR Magnet Design has been developed in a collaboration between LBNL and IMP
FECR Nb3Sn magnet mechanical structure** Design is based on several years of 

experience with the design and 
fabrication  Nb3Sn at LBNL within the LARP 
program and the HILUMI project to 
develop high field quadrupoles 
(Rutherford Cables) for the LHC upgrade.

Challenges:
• Combined magnet functionality 

(Solenoid and Sextupole)
• Single Strand SC Wire  

Technology is within reach in the 
next 5-10 years
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Fifth Generation ECR Ion Sources for 80 to 100 GHz
High critical current density and operation at T>4K  makes HTS materials an 
attractive candidate for frequencies beyond 56 GHz

Nb-Ti
Nb3Sn

REBCO

40 mm

32 T all superconducting solenoid was 
recently developed

S. Hahn,Supercond. Sci. Technol.21, 105017 (2016)
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Fifth Generation ECR Ion Sources for 80 to 100 GHz
High critical current density and operation at T>4K  makes HTS materials an 
attractive candidate for frequencies beyond 56 GHz

S. Hahn,Supercond. Sci. Technol.21, 105017 (2016)

Technology is within reach in the 
next 10-15 years

T. Shen, et al.,ECRIS’18, Catania, Italy,(2018)
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• ECR ion source performance continues to improve for 3rd Generation ECR 
ion sources

• Technological challenges remain for high power operation of these sources 
and the production of high temperature, high intensity heavy ion beams 
(Uranium)

• The ion beam intensities needed for future heavy ion facilities require 
development of 4th and 5th generation ECR ion sources

• Nb3Sn structures are the most promising candidates for building ECR 
magnets to be operated using microwave frequencies beyond 45 -56 GHz

• HTS technology is emerging as a promising option for 5th Generation ECR 
magnet structures for operations beyond 56 GHz

5/15/2019 25

Conclusion



10th International Particle Accelerator Conference
MELBOURNE CONVENTION & EXHIBITION CENTRE, AUSTRALIA |  May 19-24, 2019 5/15/2019 26

Acknowledgements
• Thanks to my colleagues from the ECR community Liangting Sun (IMP), Hongwei

Zhao(IMP) Guillaume Machicoane (FRIB), Takahide Nakagawa (RIKEN), Janilee
Benitez (LBNL), Laura Garcia-Fajardo (LBNL), and Tengming Shen (LBNL) from the 
ECR community to provide input, results and slides for this brief overview. 



<<
  /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




