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FAIR - Facility for Antiproton and lon Resqa@{ A
Future Project at GSI

International Project: 1200M€, 65% Germany, 10% State of Hesse, 25% Int. partners

Germany Russia India Finland Sweden Romania Poland France Slovenia

in FAIR GmbH ) Convention

Signed Eol: Austria China Greece Italy Slovakia Spain UK Saudi Arabia
N em == ES

Andreas Kraemer, GS| Darmstadt




FAIR — Facility for Antiproton and lon Res

FAIR]

Future Project at GSI

Internatlonal Project: 1200M€, 65% Germany, 10% State of Hesse, 25% Int. partners

Germany Russia India Finland Sweden Romania Poland France Slovenia

in FAIR GmbH

Convention

Project start — 2007
Founding of FAIR GmbH — 4th of October 2010
Application for Building and Operating Permit — May 2011
Site Preparation — December 2011

Pouring first concrete — end 2012

Hardware installation — late 2016 - 2018

First stage ready for experiments — 2017/2018

Module 0-3 completed — 2018

China Greece Italy Slovakia Spain UK Saudi Arabia
,
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Future Project at GSI B
FAIR — Facility for Antiproton and lon Researghl |

+ 10"%/s; 1.5-2 GeV/u; 23828+
» Factor 10-100 over present in intensity
« 2(4)x10"3/s 30 GeV protons
« 1019/s 23873+ yp to 35 GeV/u
(up to 90 GeV protons)

; Rare laotope

/ Production Target IN
~ | ety eame
SuperfRs *Broad range of radioactive beams up to
e Antigeoton 1.5 - 2 GeV/u; up to factor 10 000 in

Production Tanget
Plasma Physice

intensity over present
*Antiprotons 3 - 30 GeV
FLAIR

B new facility
@ experiments *Radioactive beams

«10"" stored and cooled 0.8 - 14.5
GeV antiprotons

Atormic Physics ¥ 5l
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Physics at FAIR - Five Scientific Pillars | ga F-\lR

Nuclear Structure Physics and Nuclear Astrophysics
Structure of exotic nuclei far off stability;
Nuclear synthesis in stars and star explosions;
Fundamental interactions and symmetries

Hadron Physics with Antiproton Beams
Quark gluon structure and dynamics of “strong” interacting particles;
Origin of the confinement and mass of hadrons

Physics of Nuclear Matter
Studies of hadronic matter at high densities;
Phase transitions in quark matter;
Properties of neutron stars

Plasma Physics
Bulk matter at: very high pressures, densities, and temperatures

Atomic Physics and Applied Science
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FAIR Vacuum Requirements 1%

LY - st

Beam Vacuum System:

 Total length: approx. 6km

« Vacuum: from 10-°mbar to 10-'2mbar

* Cryogenic sections with operating temperatures of 5-20K

- Bakeable sections (up to 300°C) operated at room
temperature

p-LINAC S1S100/300

Production Target

/4 .—\
2 Super-FRS

Antiproton

Production Target
Isolation Vacuum System
for superconducting magnets and ) ([ 7
cryogenic transfer&bypass lines | = ) FLAR
- Total length: 3km, 7 N~
* large volumes — \ ' @ Existing Facility
« Vacuum: <10-*mbar " = @ New Facility

IS
Andreas Kraemer, GSI Darmstadt 6



Pumping Concept iﬂj-? F-\|R:]

For Roughing, during Bakeout & Isolation Vacuum:

« Mobile & fixed stand alone Pumping Stations consisting of a
Turbomolecular Pump, Roughing Pump & periphery

— About 100 pcs for beam vacuum
— About 60 pcs for isolation vacuum

For Keeping Vacuum:

« Sputter lon Pumps (SIP)

=> about 300 pcs

« Titanium Sublimation Pumps (TSP)
« NEG Catridge Pumps

« NEG/SIP Combination Pumps

=> About 120 pcs

 NEG Coating of Chambers

=> Use of cryogenic wall pumping (cryopumping) and adsorption
pumps

GsSN——
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Vacuum Diagnostics g j;? F_\|R‘]

Total Pressure (Depending on the Pressure Range)
* Penning&Pirani Gauges => about 40 pcs

« Wide Range lon Gauges => about 120 pcs

« Hot Cathode lon Gauges => about 60 pcs

« Cold Cathode Gauges => about 70 pcs

Some of these types have to be radiation hard!

Partial Pressure
* Residual Gas Analyzer => about 15 pcs

EE][—8
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Valves &;Tw? F-\'Ri

Valves for roughing chambers (viton, DN100-DN150CF)
=> about 40pcs

Valves for roughing chambers (all-metall, DN100-DN150CF)
=> about 95pcs

Gate valves (viton, DN100-DN400CF)
=> about 60pcs

Gate valves (all-metall, DN100-DN400CF)
=> about 65pcs

Fast valves
=> about 20 pcs

Valves for roughing Isolation Vacuum
=> about 100pcs

EE][—Q
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Vacuum Systems of SIS100 '”e F_\|R

\é
arc cryostat

quadrupole // h
cryostats ~_,

7/

I -rogenic beam vacuum
I varm beam vacuum

msulatlon vacuum

" Total length of SIS100: 1083.6 m
(82% cold, 18% warm)

" basic structure: hexagonal
" six straights and six arcs

= 23 warm sections (22 x 8.6 m long,
1x 22 m)

- " 23 cold sections (6 long arcs:
AN 135m, 17 short straight: 4.3 m)
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Sextant 5 /

/

!
!
!

/ Sextant_6

Maximum allowed average beam
vacuum pressure under dynamic
conditions is given by beam life time

N_. <4-10*12m=3(H,)

max

N P oo < 51072 mbar (T = 10K)
N extraction * — Pwarm <1109 mbar (T= 300K)

Andreas Kraemer, GS| Darmstadt 10



Cryogenic Beam Vacuum Section of SIS{Q&? FAIR

= Aperture with some exceptions DN160CF
= appr. 885 m of the 1084 m long beam line are operated at cryogenic temperatures

= appr. 644 m are represented by magnet chambers (dipole, quadrupoles,
sextupoles, steerer)

= UHV/XHV generation will be realized by cryogenic wall pumping (cryopumping)
and additional cryosorption pumps (for H, +He)

= chamber wall temperatures range from: , 10% ->10...15K (magnet
chambers)

= Beam pipes pumped down to p,, ~10-6 mbar before cool-down with mobile
pumping stations, after cool-down they will be valved off

= Material for vacuum chambers: 1.4429 (= AlSI 316 LN)
= Special stainless steel for magnet chambers: Bohler P506
= 1 burst disc/ arc (p,, ., ~ 0.3 bara)

SIS100 cold arc:
Cold area surface: ~ 47 m?
gas volume enclosed ~ 1300 £

static base pressure expected: ~ 10-'2 mbar @5K or lower
=== 1l
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S1S100 Dipole Magnets and their Chamﬁ%ﬂ{_\ml

Prototype of SIS100 Dipole Magnet
(Picture: Giinther Sikler/Babcock Noell)

| VACUUM SHELL

NITROGEN SHIELD
T=80K

COLD IRON
T=4.5K

SUPERCONDUCTING
COIL

LIQUID HELIUM
INLET

HELIUM OUTLET

" Kapton tape
NiICr wire
superconducting

wire

Superferric magnet (iron-dominated
with superconducting coil) design similar
to the Nuclotron, LHe cooled yoke (via channels) and
coil, beam vacuum chamber not part of the cryostat

See Poster THPPDO021: SC Magnet Development for FAIR by E. Fischer =i

Babcock Noell won the call for tender for the
construction of 113 super conducting dipole
magnets.

B . =19T
« dB/dt =4 Tls
“ flep=1Hz.

Andreas Kraemer, GSI Darmstadt 1



Vacuum physical requirements on the magnet
chamber design

= all dipole chambers represent 45% of the total cold surface in
the cryogenic arcs

= the inner beam pipe wall will be used as expanded cold
surface of an efficient cryopump with practically infinite
capacity for nearly all condensable gas species -> wall

temperatures as low as possible ->T ;. per < 20K

= static vacuum pressure inside the chamber 10-'2 mbar, under
dynamic conditions < 10-"" mbar

= | ength of chamber: 3.35m
= Aperture: 120 x 60mm?

Solution:
Wall thickness: 0.3mm
Rib thickness: 3.0 mm

Cooling of Chamber with supplementary electrically isolated cooling tubes

Andreas Kraemer, GSI| Darmstadt 13




Beam Pipe with Supplementary Cooling T@%F-\lRi

DN125 CF

flange LHe Important requirement:

cooling

Reinforcing ribs fUbes Relative permeability of chamber

material must be low and temporarily
constant at cryogenic temperatures

M <1.005

Bo P506 (Bohler Stainless Steel)*
=X2CrMnNiMoN191211 1

- = The position of cooling

tubes was optimized by developed by CERN in collaboration

ANSYS simulations with Bohler Edelstahl (Austria) as
= maximum temperature beam screen material for cryogenic
during magnet operation LHC sections

is less than 15K
» Problem: Cooling tubes

generate harmonics in *)S. Sgobba and G. Hochortler: A new non-
the magnetic beam magnetic stainless steel for very low

. . temperature applications; Proc. Int. Cong.
guidance field! Stainless steel Science and Market, Chia Laguna,

T e B wae Sardinia, Italy (1999), p. 391-401

Calculated by: S.Y. Shim (GSlI)

Andreas Kraemer, GS| Darmstadt 14



Beam Loss and Desorption Effec@;gé‘F-\lRi

dipole magnet
/ lon beam loss-induced

desorption

= Probability for beam
ion ionization depends
on residual gas

density, gas J&'
composition, and
beam energy charge
» |Losses drive a eXChange_
pressure bump r_)rog:est_ses.
o Aot lonization,
See\l,fe?om plIJIfI(E[gtlon can electron desorption from
b P capture the gas-covered

complete beam loss chamber wall

Andreas Kraemer, GS| Darmstadt 15



Cryocatcher Design for SIS100
U28+ > U29+

i; =- >

ion catcher
quadrupole  quadrupole dipole dipole quadrupole  quadrupole
magnet magnet magnet magnet magnet magnet
Simulated with StrahlSim by:
P. Puppel, L. Bozyk (GSI)

SIS100 lattice has been optimized to reach a maximum catching efficiency.

Loss distribution is strongly localized between the quadrupole magnets.

Andreas Kraemer, GS| Darmstadt 16



Cryocatcher System for SIS100

Solution: Controlled collection of charge-exchanged ions

at localized positions using an ion catcher system

= Controlled catching of charge exchanged ions on low desorption surfaces
= lons hitting the wall release cryosorbed gases and produce a local pressure bump
= Desorption yield is lowest for perpendicular incidence

= Most charge exchanged ions are caught by the ion catcher

= Significant reduction of gas desorption .

J _ 985 GESOrpe aim: py,, < 5:10"2 mbar @5K
=-> Dynamic gas pressure is stabilized
= Lower total ionization loss

= Activation and radiation damage of magnets by ionization beam loss are reduced

ion catcher holder

mounting suspension
for 80K shield

secondary chamber plates

ion catcher block
(gold-plated copper) -

For more details see poster THEPPBO04:
Development of a Cryocatcher System for SIS100
by Lars Bozyk

ion catcher pumping wall
(explosive-plated copper
on stainless steel)

LHe connection

Andreas Kraemer, GS| Darmstadt 17



Cryosorption Pumps i;‘,,,q? F-\lRi

= auxiliary pumps are used

primarily to lower the partial Dipoimagnet TR oner et
pressures of H, and He

= 10 cryosorption pumps per arc
(each 13 m) and one per short
quadrupole doublet in the
straight sections

= 2 different pump layouts

= cryosorption pump consists of
several round cryopanels (i.e.
copper disks coated with charcoal
of SC2 type made by
CHEMVIRON, coating by KIT,
Karlsruhe, Germany) :
= panels stacked on a central ; : II'_thS;n
cooling tube cooled downto T ~ line
4.5K

[ | SHe ~ 1 [/S Cm2 fOr He and SH2 -~ Mchar Achar Cchar Sum
10 /s cm? for H, ~24g ~34000m° ~025mbart ~301/s

Dipolmagnet

line

Andreas Kraemer, GS| Darmstadt 18



Schematic Vacuum Layout of Collector

Inj. Septum

from p-bar Se parator @

Y g7 __,
. 1] I ‘.... L, T HB == E:
)

N
Ve, & 6

S.C.Kicker

Circumference: 225m (130m magnets)

~—  p=10°mbar => unbaked
B’/eam pipe aperture: 180 — 480 mm

S.C.pick-ups
€2 “-“"”"“':.‘ %) ""x, €2
¢y "‘; ‘I"“'\ "A‘ “"‘ )

— I B =1
B
to HESR

~
/ S
/ ~
- "
<

RF-cavities

)
Extr. Septum
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3D Sketch of Part of CR

LY
' {

-
- —

Problem: Large Apertures, narrow space in beam direction
= GSI constructed DNS00OCF Flange, tests running
= Use of SIP/NEG Catridge combination pumps

Andreas Kraemer, GS| Darmstadt



Beam Position Monitors
(BPM) has to be integrated
Into the quadrupole
magnets and chambers.

Aperture of star-shaped
chambers: 480 x 480 mm

Andreas Kraemer, GSI Darmstadt 21



Thanks to all people in the Vacuum Group of GSI!

Thank you for your attention!!!!

===l —
22

Andreas Kraemer, GS| Darmstadt




<<
  /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


