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Agenda

= APS Upgrade project

— Project and storage ring vacuum
system overview

= 2D ray tracing
— Summary for APS-U
— Limits of analysis

= 3D ray tracing
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— Motivations > =
— New MatLab program for APS-U: 7 ' pesorser | [ 5
Algorithm, theory, model geometry ; i:“;‘

— Ray tracing results: :
thermal loads for ANSYS & — |
informing beam position limits - - = -
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APS Upgrade Project - Overview

Advanced Photon Source (APS) 600 ¢
— 7 GeV, 100 mA, 1.1 km circumference synchrotron 400 |
light source built in 1995 = 200!
= APS-U multi-bend achromat lattice }cj’ of 600 ¢
~ 6 GeV, 200 mA beam current & 200 e
— Optimized for brightness above 4 keV 400 | E 20
— APS-U exceeds the capabilities of today’s storage R ——————— % .
rings by 2 to 3 orders of magnitude in brightness, Fesition (wm) G 200
coherent flux, and nano-focused flux -400 |
— 5000 hrs / year of beam to users at 95% availability -600 -:;sbb'-hbb'-'zlob' mE—
— Anticipated operations ~2025 Fosiiof (4m)
- ’Itjowerst entir;le bef?A\rrI;”Sn’e suit APS today: double-bend lattice "
m n o — Y
>OSOoneus:res :eor year ” / \-w/ﬁﬁ—ﬂﬂi =

g ==

— 1 year APS down time

(6-7 months installation) APS-U: multi-bend lattice
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APS U Storage Ring Vacuum System - Overview

40x sectors, each ~27.6 meters in length ®
— 22 m arc sections (our scope) + 5.6 m straight sections
= Small aperture vacuum chambers between narrow @ ®
magnet gaps °
= Hybrid vacuum system design
—  Discrete pumping with ion pumps and lumped NEGs Existing APS storage ring chamber compared to

L , , _ _ new 22 mm ID APS-U style chamber
— Distributed pumping with NEG strips and NEG coatings

= Low pressure design target for good beam lifetimes
— 2 nTorr @ 200 mA by 1000 A*hrs conditioning (1E-11 Torr/mA)

Beam Direction

DOUBLET MULTIPLET  L-BEND . L-BEND  MULTIPLET ] DOUBLET
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Top view ray tracing w/ 2D CAD

= Conventional 2D ray tracing with a top view layout in
AutoCAD

— For APS, 6x discrete photon absorbers take majority of
unused photon heat load
= Smaller scale apertures of next-gen machines make
more components participate in ray trace

— For APS-U, 20x components including vacuum chambers
participate in ray trace

BEAM

DIRECTIOE

AM /%" i o o BM | =
ZS}._-_ 51’ \ 161.00mm é/
i i \ 8} . .
/ \ / Typical APS-U storage ring vacuum sequence:
. e [”\ "] e § T 22 mm ID chamber protecting downstream flange joint,
‘‘‘‘‘‘ | : ¥ _° . .
T ; inline absorber protecting length of downstream BPM
e i = | SSNT/NNA g
%% 5% ES%/\LELN“MM e é_:;::::”l «%_7 P | - e s e ‘%‘L\si:::.mif\ }Lsx ES%’A;EKL&JEM
Original APS storage ring vacuum system 2D ray trace

using AutoCAD
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Summary of APS-U storage ring ray tracing

Summary of distributed heat loads from
APS-U's 2D ray trace @ 200 mA beam current

= 2D Ray Tracing for APS-U

— Rays strike 20 separate vacuum
components per sector and breakdown
requires a complex 2D CAD layout

— 14.3 kW generated per sector @ 200 mA
* 5.3 kW on FODO section chambers
« 3.5 kW on B-side crotch absorber
« 600 W in B Quad Doublet

= Ray tracing compared and verified using
3 separate tools:
— 2D CAD layout
— SynRad, CERN'’s 3D ray tracing code

— New 3D MatLab program for studying
beam missteering
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Motivations for 3D ray tracing

= Difficult to ensure protection of new machines

with small apertures, sensitive components, BEAM
and more photon intercepting chambers and SRECTION

absorbers

= Beam missteering happens in 3D and
presents too large of a set of possibilities to
capture in 2D

= Absorbers and chambers need to be
designed and analyzed to withstand worst-
case radiation loads

i
i
:

Typical APS-U vacuum sequence:
Chamber protecting downstream flange joint,
inline absorber protecting length of downstream BPM

= How to reasonably specify limits for beam
position limit detection systems?
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APS-U 3D ray tracing PG o

0\?“6 9?’ C;‘\O
&
= Ray tracing compared with 3x of
separate tools:
— 2D layout: takes time to create CAD ! MatLab ray tracing
layout and break down results, I 2
modify for scenario studies H L-BEND
— SynRad (CERN code): 3D models =
extracted from full vacuum system :
CAD assembly, quick to modify with be;v'n?t;?sbst":;?in
practice, difficult to compare results J
across vacuum system AMULTIPLET

— Numerical 3D ray tracing with new
MatLab code: explore beam

= Better understanding of ray tracing A
and missteering helps ensure
robust shielding within narrow
apertures | SymRed ey vecing
| nighlighted in red) | ok ! o . @
| )
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Overview of numerical ray tracing algorithm

1. Build geometry based on sequentially ordered
geometric elements along beam path

2. Generate tangential rays from points along bend
path

1. If no missteering: just one ray per point

2. If yes missteering: at each point, generate numerous
rays with deviated positions and angles based on local
phase space ellipses

3. Find where ray strikes by checking downstream
geometry sequentially

4. Record data from strike on element: strike
coordinates, total heat (W),
intensity (W/mm, W/mm?2), etc.

5. Use logic to find ‘worst rays’ on each element after
many possible strikes
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2D ray tracing model in MatLab
(E-beam bends in blue, photon ‘rays’ in green,
strike points in red)




Overview of numerical ray tracing algorithm

(Xo + AX, Yo + AY, Z,,
Oxz + A6y, ABy)

Diagram of ray traced to intercepting
geometry

Upay = Gt = (o =A%), ¥y — (Vo — AY), Zr -y — 2p)
=sin |- ul/(7l - lil)

w

):5421*EQGMV)*HA)*BUU

mrad?

) = Pyp (ﬁ) *sin(0,_)/L%_,,

L) — Pdo( w )* sin(0,_w)/L,_y

mrad

(
P@(mmd):4221*E§@kV)*KA)*BUU

(

(

(5-1)
(5-2)
(5-3)
(5-4)
(5-5)

(5-6)

Common synchrotron radiation heat
load equations
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2D ray tracing model in MatLab
(E-beam bends in blue, photon ‘rays’ in green,

strike points in red) "



Beam orbits and lattice functions . = ._ . 0w isene

= Spatial and angular beam deviation possibilities
from local phase space ellipses in x,y planes

— Phase space ellipse extents calculated with
Courant-Snyder lattice parameters

— APS-U physics provides parameters along finely
spaced points across the sector

—  Maximum beam extents limited by a limiting
aperture or beam position limit detection system

= Local ellipses discretized, large amounts of new
ray paths with deviations tested in MatLab

Equations: v —2ax +/(2ax)? — 4B (yx? — A,)

2p
Spatial  x,,,, = +, /Axﬁx
extents:
Ymax = i Ayﬁy

X Yimax

I \
I X
X L : o X Y < > +Y
|
]

+X’ 4 ¢
X +Y Ymax
-~ E 3

Beta function (meters)

25

20

41pm V5.1 lattice functions

'Q d .

5 10 15 20
Sector z-coordinate (meters)

25

Example local phase space ellipses
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APS-U lattice functions in the x and y plane
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3D numerical ray tracing geometry

= (Geometry programmed by cross section

— Round tubes ~ « Conical
— Simplified extruded chambers with . inline
antechambers S absorber

— Photon absorbers

(planar, conical, and v-shaped) Crotch absorber

(v-style)

= Photon extraction geometry not yet
developed (future work!)

~ « Extrusion
(round aperture +
pumping slot)

— Current program follows geometry along
the main beam path

Inline absorber
. . "
(symmetric vertical planes)

( S N\
N, Standard round tube
(cylinder)
End absorber
Argonne & (vertical plane) .
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3D numerical ray tracing geometry

= Full scale 27.6 m length sector =
APS-U model built from S rd
sequential elements /2l 4
&

= Rays generated at points along

colored paths representing the B:M1 Magnet
magnet lattice

= Dipole paths in dark blue

A:M2 Magnet

= Quadrupoles in light blue B:M2 Magnet

= Sextupoles in yellow

A Quad Doublet
Section

A:M2 Magnet | = —

P——o1

A:M1 Magnet

A:M1 Magnet
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Beam missteering: X and Y planes

un,

Full missteering
from a local orbit
in x-plane

Full missteering from a local orbit in both

x and y-planes
(green ray paths removed from image)

=
x. . H =
' 15 "l%
g ,.WO:: oY
S 1 1 missteered
v - in x-plane
ray In X-p
) = S
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3D ray tracing results along length

= Linear power across sector
compared for ideal steering 42pmV0 lattice- linear power density R TT e
—+/- 1. mm A:
(green) and worst cases of 14 BPM limits
missteering with a BPLD limit 40 |12 —Perfect Steering
(red) 10
35 8
» General nature of ray trace: . 6
spikes at compact absorber E 30 | 4
faces, high_ body loads on round S5 | 2 (_J
chambers in FODO section, :; 0 /=
light body loads elsewhere 5 20 11 12 13 14 15 16
] .
= |deal steering case has been 2 15 Z-coordinate (meters)
verified to 2D ray trace and @ 0
SynRad’s results =
5
0
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3D ray tracing results along length

= |ntegrated results across individual chambers
used for conservative boundary conditions for
thermal/structural analysis

= Typically ~10% higher loads than ideal case if a Type: Temperature

BPLD limit considered WATER | Unit: °C
- COOLING . Time: 1
L ‘ - 6/18/2018 11:07 AM

85 Max
81
77
- 73
1 69
-1 65
61
57
53
L1 49
1 45

4|
37
33
29 Min

Typical ANSYS thermal analysis of water-cooled
Argonneo APS-U chamber with inline absorber 16
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42pmVO0 lattice- linear power density
—+/-1.25 mm A:P3

14 BPM limits
12 —Perfect Steering
10
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Informing BPLD limits

= Straight section chambers with long, narrow, uncooled
apertures
= How to understand scraping possibilities and can a
reasonable BPLD limit help minimize them?
Simplified model with ideal machining and alignment

= Anticipate a full 200 mA BPLD limit of +/- 0.5 mm

measured at a BPM
(less constrained for beam current < 1 mA)

+/-1.2 mm Y BPLD E
limit at A:P3 BPM F
*reaches threshold jf
Ed

e

for scraping from
missteered rays

o4 150.19
m
—=—8.00 52.11 f
39 )
ry .
630 N T — . — - —-—-—-—-—-—-—-—-— TR = :
! | =
|
\ \
/ 15 2
X (meters)

limit at A:P3 BPM
*all rays pass

through

+/-1.1 mm Y BPLD

ULy L g

FLLL L )

i}

156

X (meters)

Permanent Magnet Insertion
Device Vacuum Chamber:
Length: 5.322m
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Conclusions and future work

= New MatLab program to investigate ray
tracing with beam missteering
— Models built off of adjustable geometric

parameters for system analysis and
scenario studies

42pmVo0 lattice- linear power density
—+/-1.25 mm A:P3

14 BPM limits
40 |12 —Perfect Steering

BNE

13 14 15 16

Z-coordinate (meters)
' i
) 1
1 ]
5 f |
) ]
SRR N [FTI '
0

25 30

w
v o O

=
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— Post-processed graphics help investigate
results in 3D

Linear Density (W/mm)
o

— Results used for conservative heat loads
in thermal analysis

= Future work

Type: Temperature
Unit: °C
Time: 1
6/18/2018 11:07 AM

— Current program suited for chambers
along the beam path, will develop
program for extracted rays

85 Max

— Find efficient ways to model vacuum
component misalignment

— Import geometry from 3D CAD

61
ABSORBER i B
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NATIONAL LABORATORY




Argonne‘/)

NATIONAL LABORATORY

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


