
M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t

Model Development for the Automated Setup of 
the 2 MeV Electron Cooler Transport Channel

IKP-4, Forschungszentrum Jülich
A.Halama

COOL 17
@ Gustav Stresemann Institute

Bonn – Bad Godesberg
19.09.2017



M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t

Outline

Brief introduction: 
COSY   - e cooling - 2 MeV Cooler

Beam properties in magnetized high energy e cooling

Model implementation, status and GUI

Near and far future plans and further possibilities

2
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COSY  (COoler SYnchrotron)
• 184 m circumference
• Protons/ Deuterons
• Polarized and unpolarized

• Stochasic + electron cooling
• internal and external fixed

target sites
• Slow extraction capability

3
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Prerequisites for electron cooling

- Matched orbit of both beams
- Overlapping a cool electron beam with ion-beam

• Quasi static with respect to
moving reference frame
(along average velocity ion)

So we need:
- Matched Velocity
- No higher order motion

4
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2 MeV Cooler | Characteristics

Some design parameters:  2 MeV, 3 A
Highest achieved power:  1.25 MeV, 0.8 A
Design around existing accelerator, COSY
12 BPMs
(Beam current monitor, Vacuum monitors,…)

5 main common power supplies
~ 50 corrector power supplies

5
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2 MeV Cooler | Characteristics

Some design parameters:  2 MeV, 3 A
Highest achieved power:  1.25 MeV, 0.8 A
Design around existing accelerator, COSY
12 BPMs
(Beam current monitor, Vacuum monitors,…)

5 main common power supplies
~ 50 corrector power supplies

6

Main B-Fields: 1) Cooling section
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2 MeV Cooler | Characteristics

Some design parameters:  2 MeV, 3 A
Highest achieved power:  1.25 MeV, 0.8 A
Design around existing accelerator, COSY
12 BPMs
(Beam current monitor, Vacuum monitors,…)

5 main common power supplies
~ 50 corrector power supplies

7

Main B-Fields: 2) Longitudinal Field
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2 MeV Cooler | Characteristics

Some design parameters:  2 MeV, 3 A
Highest achieved power:  1.25 MeV, 0.8 A
Design around existing accelerator, COSY
12 BPMs
(Beam current monitor, Vacuum monitors,…)

5 main common power supplies
~ 50 corrector power supplies

8

Main B-Fields: 3) Bending Field
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2 MeV Cooler | Characteristics

Some design parameters:  2 MeV, 3 A
Highest achieved power:  1.25 MeV, 0.8 A
Design around existing accelerator, COSY
12 BPMs
(Beam current monitor, Vacuum monitors,…)

5 main common power supplies
~ 50 corrector power supplies

9

Main B-Fields: 4) Toroid 45° Field
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2 MeV Cooler | Characteristics

Some design parameters:  2 MeV, 3 A
Highest achieved power:  1.25 MeV, 0.8 A
Design around existing accelerator, COSY
12 BPMs
(Beam current monitor, Vacuum monitors,…)

5 main common power supplies
~ 50 corrector power supplies

10

Main B-Fields: 5) Straight Field
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2 MeV Cooler | Characteristics

Some design parameters:  2 MeV, 3 A
Highest achieved power:  1.25 MeV, 0.8 A
Design around existing accelerator, COSY
12 BPMs
(Beam current monitor, Vacuum monitors,…)

5 main common power supplies
~ 50 corrector power supplies

11
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Motivation for a model based setup

- Achieving a better e beam quality. Thus higher
- Cooling efficiency
- Recuperation efficiency
- Better vacuum conditions
- Less radiation due to losses

- Compensate coupled effects during manual adjustment
- Orbit shift at unregarded location | larmor rotation caused by orbit shift

- Enable unexplored beam regimes
- Ensure safe operation

- with reproducible setups
- using software safe guards (plausibility check)

- Save time and effort during e beam setup

12
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e beam orbit

13

Gun modulates DC beam quadrantwise
to make it visible to BPM system

Orbit is set up completely manually
BPMs yield relative positioning but actual
location might be off by ~ mm

ORM can be measured or calculated.
Generally quadratic matrices can lead to
overall nice orbit – but not here
Stepwise adjustment + feedback loops
feasible

1)

1) Cool'11, Alushta, Urakine - Electron Gun with Variable Beam Profile for COSY COOLER M.Bryzgunov et al.
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Reliability of calculated ORMs (@ 909 keV)
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9

X / Y
Z

Line10-1 | - - - - - - Bend 2 - - - - - - |Line05-1| - - - - - - Line17-1 - - - -

Larmor rotation

Transversal cyclotron motion with longitudinal velocity
Larmor rotation is inevitable but can be kept small
Occurs due to:
- off axis transiton of high gradient regions
- improper setting of longitudinal fields especially in bending 

section
- also orbit dependend
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Larmor radius measurement

10

Increased longitudinal B-field compresses spiral trajectory
Phase change at fixed location (BPM) 
seen as beam position shift
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Actual results of a larmor radius measurement

11

Y-
C

oo
rd

in
at

e

X-Coordinate

Respective coordinates
vs. solenoid current
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12

Larmor rotation compensation
Short dipoles kick the beam
decreasing larmor radius in cooling section
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12

Larmor rotation compensation
Short dipoles kick the beam
decreasing larmor radius in cooling section
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Looking along the beam as it
was kicked:
1) In the cooling section
2) At the kick location

12

Cooling section Kick location

Larmor rotation compensation
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12

Larmor rotation compensation

Cooling section Kick location

Sweeping the kicker currents to
determine kick angle and strength
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Actual results of a larmor rotation compensation

13

1) initially
379 µm

11) finally
11.8 µm
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Caused by passage through high 
gradient field

Similar to larmor rotation, thereby
deterministic but not coherent

Individual larmor radius grows with 
distance to center

Larmor phase depends on tangential 
location of the individiual electron

Galloping motion

14
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Superposition of dipole and quadrupole
motion

24

Pure larmor rotation

Pure galloping motion

Superposition of coherent
Larmor rotation and galloping

Theoretical cold beam

15

ݕ ݖ = ଴ݕ + ݎீ ,଴ݔ ଴ݕ sin (݇ݖ +  φீ(ݔ଴, ((଴ݕ
ݕ ݖ = ଴ݕ + ௅ݎ sin ݇ݖ + φ௅
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Measure larmor rotation of each quadrant
- enabled by quadrantwise modulation of the gun

Measure larmor of entire beam (center of charge)

Expressed in sine & cosine coefficients, 
larmor contribution can be subtracted

Characterisic quantity: 
Galloping growth rate

Measuring Galloping motion

16
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Actual measurement of the galloping motion

17

~ 100µm radius
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Magnetic matching section
to compensate galloping

18Source: Internal Documentation / Technical Drawings
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Magnetic matching section
to compensate galloping

18Source: Internal Documentation / Technical Drawings

A simple algorithm can lead 
to an optimized setting for the
matching section
- Vary each magnet slightly
- Follow negative gradient of 

galloping growth rate
- repeat
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19

Treating larmor and galloping

Initial trajectory
Superposition of larmor and galloping motion can be seen

Accel - Transport                  - Cooling Section - Transport                 - Decel

-Δ t0 +Δ

+Δ

t0
-Δ
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19

Treating larmor and galloping

Initial trajectory
Superposition of larmor and galloping motion can be seen

Initial larmor radius: 1.8 mm
Initial galloping growth: 0.17 µm/mm
Beam cooling is not possible
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19

Treating larmor and galloping

Treat Larmor motion first
One can see now pure galloping motion

Initial larmor radius: 1.8 mm
Initial galloping growth: 0.17 µm/mm
Beam cooling is not possible
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19

Treating larmor and galloping

Galloping treatment leads to changed transit
of beam center of charge through matching section

Initial larmor radius: 1.8 mm
Initial galloping growth: 0.17 µm/mm
Beam cooling is not possible
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19

Treating larmor and galloping

After final larmor treatment, the results can be compared

Final larmor radius < 100 µm
Final galloping growth: 0.11 µm/mm

Initial larmor radius: 1.8 mm
Initial galloping growth: 0.17 µm/mm
Beam cooling is not possible
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19

Treating larmor and galloping

After final larmor treatment, the results can be compared

Final larmor radius < 100 µm
Final galloping growth: 0.11 µm/mm

Initial larmor radius: 1.8 mm
Initial galloping growth: 0.17 µm/mm
Beam cooling is not possible
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Model: Magnetic Environment
Comsol simulations of each magnetic element @ 1 A
With and without magnetic shielding
Yield: 3D cloud data of magnetic fields

20

Tor45-1

Cooling section
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Model: Field maps
For indexed access fields have been translated onto
equidistant grid

21

Tor45-2

Bend 2 Line 05-1
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Electron trajectory in BPM coordinate system
Integration of instantaneous velocities leads to
electron traces
These can be fitted piecewise for each section of 
homogeneous* magnetic fields

22

ݔ ݖ = ଴ݔ + ௫݉ݖ + ܣ sin ݇ݖ + B cos (݇ݖ)ݕ ݖ = ଴ݕ + zm୷ + B sin ݇ݖ − cos(zk) ܣ
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Expected physical effects are accounted for in the model
Thus:
Orbit: ORM can be calculated and measured for calibration
of dipole correcors (slide 8)

Shape: Beam shape influence has been shown
(characterization during upcoming test period in two weeks)

Larmor: Beam kick principle works (slide 11)

Galloping: Numeric methods offer proper setup of    
matching magnets (slide 16)

Status of the Model

23
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A "relative" agreement of both the model and the
cooler enables finding optimized setups for the cooler

while an actual working point has to be given by the
cooler

Response schemes are used to calibrate the model

24

Status of the Model
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Next steps for the model

Towards an absolute calibration
Advantages:

Any beam behavior is known for any machine setup

Compensation possible without measuring feedback

Effects of manual adjustments can be tested with help of 
the model

Optimized beam properties can be aimed for in more
magnetic elements

25
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Forth/ back tracing at each measures BPM location with angular 
and positional variations
Fit the most suitable match to determine for least RMS deviation

26

Method 1 towards absolute calibration



M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t

3) Tracing beween these
elements can calibrate
local longitudinal fields

Relative position of 
grouped BPM can be
narrowed down

4) Tracing further back/ 
forth yields most authentic
trajectory

Stepwise larmor assisted calibration
1) Larmor condition is best known in the 3 straight elements
2) Relative position of the two surrounding BPMs can be found

27

Method 2 towards absolute calibration
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GUI Slide show

28
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GUI Slide show
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GUI Slide show
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GUI Slide show
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Outlook and wish list

Include gun and collector into the model

Work with optics; Find proper transferfunctions and
charactersation paramters for given and generic
magnetic elements

Build a general sand box software

Almost at the end
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Just one more slide
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Thank you very much for your
attention

Let‘s hope, there is time for 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




