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® US LHC Accelerator Research Program

LARP

Goal: Extend and improve the performance of LHC
* Progression from the US LHC Accelerator Construction Project
 Collaboration of four national Labs: BNL, FNAL, LBNL, SLAC

Major focus: Develop Nb;Sn quadrupoles for HL-LHC
* Potential to operate at higher field and/or larger temperature margin
* Follows Nb;Sn development and demonstration by CDP & US Labs

Technical challenges: Nb;Sn is brittle and strain sensitive

* Requires high temperature coil reaction after winding

» Materials compatibility (coil parts, insulation)

» Thermal expansion differentials (more critical for long magnets)
* Large forces are generated in high field magnet coils

» Need to prevent degradation under stress
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o8 Overview of LARP Activities

Accelerator Systems Instrumentation * Luminosity monitor
* Tune tracker, AC dipole
* Schottky monitor

Accelerator Physics * Electron cloud instability
* Beam-beam studies
* Crab crossing

Collimation * Rotatable collimators

Materials e Strand characterization
* Cable development

Model Quadrupoles * Technology Quadrupoles
* High-field Quadrupoles

Long Quadrupoles * Colil fabrication
* Structure and assembly
 Instrumentation and Test

Program Management Programmatic Activities * Toohig Fellowship
* Long Term Visitors

PAC-11, March 30, 2011 Development of Nb;Sn Magnets by LARP GianLuca Sabbi



o8 LARP Presentations at PAC11

LARP

* Design and Test of Long Nb3Sn Magnets within the LARP Collaboration

* Field Quality Measurements of LARP HQ Magnets (TUP174)

* Mechanical Design of an Alternate Structure for LARP Nb;Sn Magnets for LHC (TUP170)

 Tevatron Accelerator Physics and Operation Highlights

* Beam Losses Due To Abrupt Crab Cavity Failures In HL-LHC

* Studies of RF Noise Induced Bunch Lengthening at the LHC

* Operational Results from the LHC Luminosity Monitors

e LARP LHC 4.8 GHz Schottky System Initial Commissioning with Beam

* Results of Head-on Beam-beam Compensation Studies at the Tevatron

* Advanced Crystal Collimation Studies at the Tevatron (T-980)

* Impact of Arc Phase Advance Tuning on Chromatic Optics in RHIC

* Estimation of Ecloud and TMCI Driven Vertical Instability Dynamics from SPS MD Measurements

*  Crab Cavity Simulation in SPS

 Multipacting Analysis for the Half-Wave Spoke Resonator Crab cavity for the LHC Upgrade

* Simulations of the LHC High Luminosity Monitors at Energies from 3.5 TeV to 7.0 TeV

* Simulation of Jitter Effects in Crab Cavity Compensation for LHC Upgrade

* Simulated Performance of an FIR-Based Feedback System to Control the Electron Cloud Single-Bunch
Transverse Instabilities in the CERN SPS

* Experimental Study of Magnetically Confined Hollow Electron Beams in the Tevatron as Collimators
for Intense High-Energy Hadron Beams

* Direct Numerical Modeling of E-cloud Driven Instability of a Bunch Train in the CERN SPS, and its

Mitigation using a Feedback Model
—— 0 0 0909090909999 OO 0009090900
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oo High Luminosity LHC

LARP

Physics goals:

» Improve measurements of new phenomena seen at the LHC
* Detect/search low rate phenomena inaccessible at nominal LHC
* Increase mass range for limits/discovery

Timeline and decision points:

* ~2014: complete design study and select technology
« ~2020: installation (driven by lifetime of existing IR, ~500 fb*)

Required accelerator upgrades include IR magnets:

* Support new optics solutions that directly increase luminosity

* Provide design options for overall system optimization/integration

* Tolerate high peak (10°° cm>s") & integrated (3000 fb™!) luminosity
= Thermal margins, radiation lifetime
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Magnet Program Components

LARP

1. Materials R&D:

« Strand specification and procurement _
« Cable fabrication, insulation and qualification ~ ©"90INg
» Heat treatment optimization

2. Technology development with Racetrack Coils:
» Subscale Dipole & Quad (SM & SQ, 30 cm long)

 Long Racetrack (LR, 4 m lonqg) Completed
3. Cos 20 Quadrupoles with 90 mm aperture:

 Technology Quadrupole (TQ, 1 m long) Completed

* Long Quadrupole (LQ, 4 m long) ~75%

4. Cos 26 Quadrupoles with 120 mm aperture:

 High-Field Quadrupole (HQ, 1 m long) ~35%
* Long High-Field Quadrupole (LHQ, 4 m long) Starting
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o Present focus: LQ and HQ

LARP

Long Quadrupole LQ (90 mm aperture, 4 m long).

* LOSO01: achieved 220 T/m, 10% above initial LQ target
* LOS02: assembly is completed with 4 new coils
* LOS03: four coils under fabrication with new conductor design

High Field Quadrupole HQ (120 mm aperture, 1 m long):

* Achieved >155 T/m gradient in first test, at 4.5K
» Already above NbTi intrinsic limit at 1.9K
* First quench >150 T/m 1n second test
* Observed coil failures due to insulation & conductor damage

> Traced to hiech compression during coil fabrication

* New & more challenging design - requires optimization
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LARP Conductors

LARP

Three strand designs, all from Oxford Superconducting Technology:

« MJR 54/61: TOS01, TOCO1, SQ

* RRP 54/61: LR, TQ02, LOS01(2), HQOla/b/c/d

 RRP 108/127: TQS03, HQOOla/b/c/d, (LOS03)

RRP 54/61:

© Production wire, highest Jc, long piece length, best characterized
@ Large sub-elements, flux jumps esp. in larger diameter wires
RRP 108/127:

© D, reduced by 30%, very good results in TQS03
® Lower J, for same RRR, not fully optimized for production

New options from the HEP Conductor Development Program:

* Ti-doped RRP: HQ cable/coil fabricated for evaluation
* RRP 217: promising but still requiring R&D
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Length Scale-up Projects in LARP

* From 0.3 mto4 m
* Started 1n 2005, competed in 2008
e Racetrack coils, shell based structure

TQS = LQS

e From 1l mto4 m

’ !w; * Started in 2007, exp. completion 2012
‘ }mi * 90 mm aperture cos20 coils
T * Structure alignment

H = LH
Q Q e From 1 mto4 m

= * Starting 1n 2011, exp. completion 2016
l(_’i x.\. ¢ 120 mm aperture cos20 coils

Aoy,
>

* Full coil and structure alignment
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Long Racetrack (LR)

LARP

 Scale up LBNL SM coil and structure: 30 cm to 4 m
 Coil R&D: Cable, handling, reaction, impregnation
e Structure R&D: friction effects, magnet assembly

* BNL: coil fabrication, magnet assembly and test
* LBNL: magnet design, structure fabrication/assembly

e Fast training: LRSO1 first quench at 84% of SSL
* LRS02 achieved 11.5 T, 96% of short sample limit
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Technology Quadrupole (TQ)

* Double-layer, shell-type coil
* 90 mm aperture, 1 m length
» Two support structures:

- TOS (shell based)

- TOC (collar based)
* Target gradient 200 T/m

Winding & curing (FNAL - all coils)
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Q Studies: Stress Limits )

LARP
Coil layer 1 stress evolution - G, Calculated peak stresses in TQS03c
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Systematic investigation in TOS03:

* TQS03a: 120 MPa at pole, 93% SSL
* TQSO03b: 160 MPa at pole, 91% SSL
* TQS03c: 200 MPa at pole, 88% SSL
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Peak stresses are considerably higher —— "
Considerably widens design window 255 Mg

Nominal field
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o8 QS03d Cycling Test @]

LARP

* Reduced coil stress to TQS03b levels (160 MPa average)

» Pre-loading operation and test performed at CERN
* Did not recover TQS03b quench current (permanent degradation)
 Performed 1000 cycles with control quenches every ~150 cycles
* No change in mechanical parameters or quench levels

TQS03d - Coil 30 {et=+110 micro)) TQS03d Cycling Test
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Long Quadrupole (LQ)

LARP

* TQ length scale-up from 1 m to 4 m

* Coil Fabrication: FNAL+BNL+LBNL

* Mechanical structure and assembly: LBNL
 Test: FNAL

e Target gradient 200 T/m

S} D1
@l

S2 i iy igglia(l
il

s3 L RHE |
(CORS da

@il
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LQS01 & LQS01b Quench Performance

LARP

14
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9. Next Steps in the LQ Program

LARP

LQ surpassed its initial target by 10%. Current R&D goals are:

e Fully reproduce the performance of the TQ short models

» Higher gradient (240 T/m in TOS03)

» Fast training (plateau in 5-10 quenches, no retraining)
 Systematic analysis of coil length effects

» Detailed modeling of the reaction process

» Understand/optimize coil strain state after reaction
* Design and process optimization for construction

» Coil size control/reproducibility

» Protection heater design, esp. for inner layer

» One-side loading with 4 m keys/bladders

» Cable insulation techniques for production
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High-Field Quadrupole (HQ)

@[( : ‘!‘ -

(
\: -
LARP

* 120 mm aperture, coil peak field of 15.1 T at 219 T/m (1.9K SSL)
* 190 MPa coil stress at SSL (150 MPa if preloaded for 180 T/m)
* Stress minimization is primary goal at all design steps (from x-section)

* Coil and yoke designed for small geometric and saturation harmonics
* Full alignment during coil fabrication, magnet assembly and powering
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oo HQ: a fully integrated program

LARP

* Cable design and fabrication LBNL
* Magnetic design & analysis FNAL, LBNL
* Mechanical design & analysis LBNL
* Coil parts design and procurement FNAL

* Instrumentation & quench protection  LBNL

* Winding and curing tooling design LBNL, FNAL

* Reaction and potting tooling design BNL

* Coil winding and curing LBNL

 Coil reaction and potting BNL, LBNL

* Coil handling and shipping tooling BNL

* Structures (baseline, revised, mirror) = LBNL, BNL, FNAL

* Assembly (baseline, revised, mirror) = LBNL, BNL, FNAL

* Magnet test LBNL, CERN, FNAL
* Accelerator Integration BNL, LBNL, FNAL
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Handling High Stress in Magnet Coils

LARP

1. Understand limits 2. Optimize structure and coil for minimum stress
TQ (90 mm, ~12 T) LQ (90 mm, ~12 T) HQ (120 mm, ~15 T)

Coil geometry

4.5K, 0T/m
SSL preload

SMN =—-.192E+09
SMX =—.125E+08
-, 192E+09
—.17ZE+09
—.152E+09
—.132E+09
—.112E+09
—.924E+08
—-.724E+08
-.524E+08
—.324E+08
-.125E+08

! Key location ™
‘ 5 X

k

(VMO |

Titanium pole
P
4.5K, 0T/m 4.5K,0T/m §
SSL preload SSL preload
SMN =-.200E+09 SMN =—.171E+09
SMKX =-.195E+08 SMK =—.183E+08
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PAC-11, March 30, 2011 Development of Nb;Sn Magnets by LARP GianLuca Sabbi

IRCCNEEm
LI




HQ Coil Design and Fabrication

* HQ design assumed less space for inter-turn insulation than TQ/LQ
* Based on measurements, but limits expansion during reaction
* As aresult, coils are over sized and over compressed

— i
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LARP

Magnet and Coil Electrical QA
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Next Steps in the HQ Program

LARP

* HQO1d cool-down is underway
» Replaced HQOIc limiting coil, one more coil available

200

O—C SHTT 0.160

| oo sHRT theory
[ e B N e = e N ©— SHBT DB —e—
180 —| 24— sSHLT 0.140 ¢ 1
|| #—» Tcomp. 293K
m—a T comp. 45K

0.120 +

160~ -

0.100

140~ -
0.080
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Shell azimuthal stress (MPa)

0.040 +

Ave. Harm. TF (T/kA at 12.4 mm)

0.020 +

0.000

-0.020 ‘ ‘ ‘ ‘ ‘ ‘ ‘
-800  -600  -400  -200 0 200 400 600 800

z (mm)

* Two special coils were fabricated with lower compression

Data point

» #12: increased cavity size; #13: one less turn
» Will be tested in mirror configuration
* Substantial cable R&D 1s underway for the next series of coils

» Adjust cable size to preserve x-section, parts, tooling
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® |ong HQ Development Plan for 2011-2013

ID | Task Name
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Accelerator Quality in LARP Models

LARP

oo renrs i o rasias rasias v L

Geometric field quality v
Structure alignment V v v \/ V
Coil alignment \ \ V
Saturation effects v v v
Persistent/eddy currents v
End field margin v \ V
Cooling channels v v V
Helium containment V v
Radiation hardness v

—— 0 0 0909090909999 OO 0009090900
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Accelerator Integration

LARP

* Pre-load optimization for high gradient with minimal training
» Alignment, quench protection, radiation hardness, cooling system
* Field quality: cross-section iteration; cored cable for eddy current control

* Structure and assembly features for magnet production and installation

S5T ShEH—H

End Plate—,
End Dnme—\k !
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Summary

LARP

* A large knowledge base is available after 5 years of fully integrated
effort involving three US Labs and CERN

Demonstrated all fundamental aspects of Nb;Sn technology:

- Steady progress in understanding and addressing R&D issues

R&D effort should now focus on increased reliability, accelerator
integration and production-oriented processes

HL-LHC 1s a key step for all future high-field applications

Next few years will be critical and much work is still left to do
- Integrate effort with CERN, EuCARD, KEK, US core programs

Acknowledeement
( U.S. DEPARTMENT OF Office of * rrr:rrr A
@ ENERGY <o 2& @)

PAC-11, March 30, 2011 Development of Nb;Sn Magnets by LARP GianLuca Sabbi



	Development of Long Nb3Sn Magnets by the LARP Collaboration
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26


<<

  /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 false

  /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



