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FAIR main facts

a new facility for research with anti-protons and heavy-ions.

Primary ions: Protons-Uranium

Max. energy: 100 Tm

Max. beam intensity on target: 10"/s (15 kW)
Beam intensity/quality limitations:

« Sources, injection (Liouville), cycle times

« space charge / resonances 55:/*44 .~
 lifetime _ : b
 activation B

ni f r . S aa/
Unique features

» Parallel operation (serves 4 research areas)
* Intense and high-energy heavy-ion beams

« Slow extraction and bunch compression

« Storage rings and beam cooling

Start/end commissioning (day-1): 2024/2025

GSI Helmholtzzentrum fir Schwerionenforschung GmbH

SIS-100

Reference primary ion u28+
Reference energy 1.5 GeV/u
lons per cycle 3E11
Bunch length 60 ns
Cycle rate 0.5 Hz
Beam power 15 kW




=1
FAIR@GSI

FAIR construction site in August 2018

https://youtu.be/wSN7jloV5nM
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The SIS100 synchtrotron

SI1S100

SIS300

Aerial photo of the construction site taken on May 25, 2014 (photo: Jan Schafer for FAIR)

(2014, before start of construction)

Images courtesy of M. Konradt / J. Falenski

o Circumference: 1 km

o Rigidity: 100 Tm

o Fast ramping superferric ‘nuclotron’ magnets (4 T/s)

o Cycle rates of up to 1 Hz (1 s accumulation after injection)
o Slow extraction (over seconds) or fast extraction (single compressed bunches)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 4
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Multipoles from measurements with rotating coils
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Dynamic effects: Eddy currents and beam pipe

Cooling pipes to keep pipe wall at 10 K
ET: Elliptic tube CT: Cooling tube g P P PP

| I | | | I |  C—
\g
- : ;
= /
\O
e T
[ e— |

Magnet field distortion due to cooling pipes Cooling tubes only: Ab, in units (10-4)

during fast ramping (4 T/s) = | i 1 |
20 |- - 0.5
The thin (0.3 mm) stainless steal pipe 1 —.‘ "i— _‘;5
is also the main transverse impedance £ ° —‘ " 5
source for beam instabilities ! 10 ~y S RE
20 - - 9
-30 | | | | | 25

Impedance/instability/damping simulation ]
studies are not part of this talk. X (mm)
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(Transverse) space charge force in SIS100 == 1

R 2
&V-E=p Space charge tune shift: AQy oc—gn gf 65427,3
0/ 0

(in the rest system of the beam) 19

v T A T & T A |
Example tune footprint —

{\ ‘ E, (\ for Gaussian bunch
B¢ ® 18.8 - 1\ /\ /\ ]
_ m 18.6 - -
=0

oC

\/ U 037109 Bunch (rms length: 5 m—dc) \/

Vertical Tune C.‘!y

Bunch length >> pipe diameter 18.4 I ]
) 18.2 | -
The transverse space charge force is one
of the main intensity limiting effect in in '8 : : , ,
the FAIR synchrotrons ! 18 182 184 186 188 19

Horizontal Tune Q,

Space charge tune shifts in SIS100: 0.2 — 0.4 (> 0.5 during bunch compression)
Time scales: 1000-10° turns (1 ms - 1 s)

Tolerable emittance growth < 10 %, Beam loss (a few %)

Simulation challenge: Control numerical errors/emittance growth ! Performance !!!!

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 7



Particle Tracking Codes used for SIS100

Elegant (M. Borland)

©)

O
O
O

3D static nonlinear space charge kicks
Pelegant for parallel tracking

For flexible, also for longitiudinal tracking
Script input

V. Kornilov (2018)

py-orbit
(A.Shishlo, S.Cousineau, J.Holmes, S.Appel)
http://sourceforge.net/projects/py-orbit/

©)

O O O O

Teapot tracking

3D static space charge kicks

2D/2.5D self-consistent space charge
MPI

C++ sources / Python interface

Y. Yuan, O. Boine-F., I. Hofmann, PRAB 2018

pyPATRIC:

o 3D particle tracking with self-consistent
2.5D space charge solvers

MADX maps, arbitrary rf bucket forms
Automatized parameter scans.
python/numpy implementation
Optional: gridless space charge solvers

O O O O

O. Boine-Frankenheim, W. Stem, NIMA 2018

MAD-X (L. Deniau, F. Schmidt, et al.)
https://github.com/MethodicalAcceleratorDesign/MAD-X

o Thinlens/PTC tracking
o 3D static space charge kicks
o Fortran/C sources, Script input

V. Chetvertkova (2018)

GSI Helmholtzzentrum fir Schwerionenforschung GmbH




Example: Tracking with static 3D space charge

V. Kornilov (2018)
With space charge

19 I I
= 18'9 e L1 1 | |
O ! , = | ]| - d
pt |
C 18.8 L
-
S 187 M
=
2

186 I

18.5

185 18.6 18.7 18.8 189 19
Horizontal Tune Q,
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0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

19

18.9

18.8

18.7

Vertical Tune C.)y

18.6

18.5

U28+ bunch at the injection energy (200 MeV/u) in SIS100
Space-charge tune shifts: vertrical AQ..=0.3, horizontal AQ,.=0.2
Elegant: 3D static “frozen” nonlinear space-charge kicks

Field errors in the main dipole magnets and in the main quadrupole magnets.

Beam loss after 20k turns (130ms)

Lines: black (2" order, quadrupole), blue (3™ order, sextupole), red (4" order, octupole)

No space charge

18.5 18.6 18.7 18.8 18.9
Horizontal Tune Q,

19

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0



Self-consistent (grid-based) tracking: I=== 1L
PIC for beams

The present “production code” for beam quality/loss predictions.

integration step (z,9,8) = Q' ZM (x—x,)
( T, y (4D, for simplicity) ( T ) (favorlte interpolation scheme)
Q
. '+ . GOV'EZP(.’I},y,S) Q =-—
L =M (Sn, Sn+1) L Az J (favorite Poisson solver) (macro palfticle
Y, (map/kicks from Y, o= qE . charge)
\y|j)n+1 PTC or Teapot) \y'j + Ay'ﬂn ,800 7/0

(space charge kicks)

Artificial emittance growth depending on the ratio of real N to macro-particles M

: N? For example: Boine-Frankenheim, Hofmann,
Growth rate: vec—— o ckmeier, Appel. NIM A (2015)

Because of noise and performance issues ,frozen® or ,adaptive” sc kicks are used.

However, this might be justified only for weak space charge and Gaussian distributions !
(Example: Bunch compression with strong space charge in SIS100)

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 10
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(Fast) gridless space charge solvers

|
rKn— X
FR=>"F M Fle) = —d2lmz)
1= =11 19 ‘ 27Z'€07 |.T1_.I'2|
(sumoverall X Direct .
macroparticles) ‘ 0’ Q particle-macroparticle force
L
ial: = In R
Potential: ¢(z.) = 27rey Z“ |z — 21 |
Smoothed ,cloud” macroparticles:

Advantages: 0Q' (2~ )

o Underlying (multi-particle) Hamiltonian |x2— 21 [>R

No grid heating’, but (smooth) collisions ~ Fi =1 27 ;‘8’, |z~
Controlled noise smoothing (shapes) ! Sre i T ) |z |SR
Cylindrical pipe with image charges. L oY

Fast Multipole Method ‘

O
O
O
O

Disadvantages:
o Complex pipe boundaries

Greengard and Rokhlin, A Fast Algorithm for Particle Simulations, J. Comput. Phys. (1997)
Zhang and Berz, The fast multipole method in the differential algebra framework, Nucl. Instr. Meth. A (2011)
FMMLIB2D: Gimbutas and Greengard, Simple FMM Libraries for Electrostatics ..., Comm. Comput. Phys. (2015)
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Tests: (Single-particle) Symplecticity

R. Ruth, A Canonical Integration Technique,1983; E. Forrest, Geometric Integration for Particle Accelerators, 2006

0 1
X, =M,,(x,) M'SM =S5 S, - ( j
- » -1
Mapping of particle coordinates Symplect.|C|ty condition _ 0
from position ”1” to position “2” M: Jacobian or transport matrix Symplectic matrix
] . Simplectic error for FODO (PIC vs. FMM)
Symplectic error [2]: HM SM —SH =7 0.10
=— FMM
— PIC
X X 0.081
X X+ Ax]
=M(s,,s,.,) 0.06-
y { (sic;]tortmap | Y; | -
. withou + AV 0.04
Vi s space charge) Vit i),
‘ 0.02]
XM=Y M x' j=16, n=N,N+5 = M,
=0 ’ As expected, same for PIC and FMM

0.00 =

Reconstruction of the individual particle 0.010 0.015 0.020 0.025 0.030
transport matrix M for one cell with space charge [1] 1/v/M
[1] A. Luccio,N. D’Imperio, : .
Eigenvalues of the One-Turn matrix, BNL (2003) How to test multi-particle
[2] M. Titze, ICFA-HB 2016 symplecticity in a tracking code ?

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 12
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Conclusions

The FAIR SIS100 construction is progressing ! The focus of beam dynamics
simulations is now on the characterization of the magnets and the
identification of optimum parameter windows for high-intensity operation.

Also for the purpose of benchmarking, several codes are employed, with
different tracking implementations and space charge models/solvers.

Self-consistent space charge solvers are required for realistic predictions ! At
present they are employed only for short-term simulations (< 10k turns)
because of performance/noise issues.

Gridless space charge solvers based on the Fast Multipole Method are very
promising in terms of flexibility and performance for 2.5D or 3D tracking with
self-consistent space charge.

Gridless solvers are ,closer” to a Hamiltonian multi-particle system for which
fluctuations follow the ,well-known® IBS theory. Therefore the numerical
errors might be easier to predict and to control (cloud shapes).

More difficult to add complex beam pipe geometries for image contributions !

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 13




<<
  /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 true
  /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
    /Calibri-Light
    /Calibri-LightItalic
    /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
    /ComicSansMS-BoldItalic
    /ComicSansMS-Italic
    /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
    /Ebrima
    /Ebrima-Bold
    /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
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /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
    /JavaneseText
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LeelawadeeUI
    /LeelawadeeUI-Bold
    /LeelawadeeUI-Semilight
    /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
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /MalgunGothicSemilight
    /MalgunGothic-Semilight
    /MANDELA
    /Mangal-Regular
    /Marlett
    /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
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MICRODOT
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiLight
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUILight
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiLight
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /MicrosoftYaHeiUILight
    /Microsoft-Yi-Baiti
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyanmarText
    /MyanmarText-Bold
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NirmalaUI-Semilight
    /NSimSun
    /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
    /PMingLiU-ExtB
    /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
    /SegoeMDL2Assets
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUIBlack
    /SegoeUIBlack-Italic
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUIEmoji
    /SegoeUIHistoric
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-LightItalic
    /SegoeUI-Semibold
    /SegoeUI-SemiboldItalic
    /SegoeUI-Semilight
    /SegoeUI-SemilightItalic
    /SegoeUISymbol
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SimSun-ExtB
    /SitkaBanner
    /SitkaBanner-Bold
    /SitkaBanner-BoldItalic
    /SitkaBanner-Italic
    /SitkaDisplay
    /SitkaDisplay-Bold
    /SitkaDisplay-BoldItalic
    /SitkaDisplay-Italic
    /SitkaHeading
    /SitkaHeading-Bold
    /SitkaHeading-BoldItalic
    /SitkaHeading-Italic
    /SitkaSmall
    /SitkaSmall-Bold
    /SitkaSmall-BoldItalic
    /SitkaSmall-Italic
    /SitkaSubheading
    /SitkaSubheading-Bold
    /SitkaSubheading-BoldItalic
    /SitkaSubheading-Italic
    /SitkaText
    /SitkaText-Bold
    /SitkaText-BoldItalic
    /SitkaText-Italic
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TeXGyreTermes-Bold
    /TeXGyreTermes-BoldItalic
    /TeXGyreTermes-Italic
    /TeXGyreTermes-Regular
    /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
    /YuGothic-Bold
    /YuGothic-Light
    /YuGothic-Medium
    /YuGothic-Regular
    /YuGothicUI-Bold
    /YuGothicUI-Light
    /YuGothicUI-Regular
    /YuGothicUI-Semibold
    /YuGothicUI-Semilight
    /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


