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The SNS Accelerator

Top Level Goals:

1. 1.4 MW (designed for up to 2 MW)

2. 90% Reliability

3. <1 W/m beam loss (~ 100 mrem/hr @ 30 cm)
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1.4 MW
Operation

HB2014
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Performance: Beam Power

Power on Target

1600

1400

ss estewoise s o

Target troubles

1200
800
600

o
(=]
o
—

(JHAIN) 1amod Bay

LU Al ¥ SR

400

200

Apr/9 Nov/17 Jun/27 Feb/4 Sep/14 Apr/24 Dec/2

2012 2012

Aug/31

Jun/13  Jan/21

2010

Oct/20 May/30 Jan/7 Aug/16 Mar/26 Nov/3

2006

2011

2011

2008 2008 2009 2009

2007

@ RTBT_Diag:BCM25I:Power60



Performance: Reliability

SNS Reliability Data
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* Outside of target failures and one catastrophic MEBT event,
reliability for remainder of accelerator exceeds goals. “UTRON



Performance: Activation levels
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1.3 MW until 3 to 5 hours before 90 _

survey, Sept. 22, 2015 coll. straight
1000 l:

All numbers are mrem/h at 30 inj kicker

strip foil — >

cm(100 mrem/h = 1 mSv/h) 1000 \ f“'\ / Extr Sptm
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LEDP After SCL-1

Slot 32

* 3 days after 1.3 MW
Except for a few hot spots, the dose ~ ** No survey near this time,
rates are relatively low (< 1 W/m) indicated does rates are typical
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Flashback 2002: SCL Tune Up Scenario

It was the first H- SCL — Nobody really

knew what would happen. Relied
heavily on simulations

ASAC Review

A

Some expectations:

Design Philosophy: Sets ¢.= f(E,) for Each
Cavity to Preserve k,, AT

1. Cavity gradients to be
near design values.

2. Set longitudinal phase to
preserve matching along SCL.

3. Maintain a relationship between

transverse and longitudinal phase.

Reality Struck:
NONE of this happened.
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Reality: SCL Cavity Gradients

- High beta cavity gradients did not come on at design levels: Biggest problem
was electron activity (51 cavities); also some hardware issues.

- Progress made over the years.
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Reality: SCL Cavity Gradients

- High beta cavity gradients did not come on at design levels: Biggest problem
was electron activity (51 cavities); also some hardware issues.

- Progress made over the years.
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SCL has demonstrated superb operational flexbility: Energy reserve (spare
cavity), easy retune (individual klystrons), allows removal of cavity with no impact
on beam energy.



Reality: SCL Tune Up is Fast and Flexible

We used to joke about a ‘tune it up’ button
.... Now we have it!

Tune times, all 81 cavities:
From scratch: 40 minutes
Rescale: 20 seconds

Confluence of:

1. Robust BPM system

2. Digital LLRF (beam blanking)
3. Andrei Shishlo

See Shishlo WEPM2Y 1

No longitudinal matching is
applied.
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Post Scan: Remove Selected BPMs from Analysis
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Flashback 2001: Linac Beam Dynamics

ASAC Review
\w\lﬂil Ill%\l)lﬂ[l
FINAL DESIGN &
EXPECTED BEAM PERFORMANCE
OF THE SNS LINAC
Reference Beam is Also Matched, Beam Loss Mechanisms JSNS
Energy Corrector ¢ Feed-Forward Off JSNS i
B « Gas Stripping: predicted from vacuum measurements
o L . Magrlletlt? Stripping: negligible
X i DU, . » Longitudinal beam loss
— poor MEBT matching will be derived from matching algorithms
‘ e — turn-on transients: minimized by beam current ramp
[ - dynamic phase & amplitude errors: no effect is observed
il thltihiiiniin M‘W, - static (mistuned) modules (¢ & Ey): no effect is observed
A VITTHVTHTTTRRTTTTITTTTT v * Transverse beam loss
. DTL CCL SRF HEBT — misalignments & missteering: simulated
2 z gz - hal
[ peT i aloinitial beam distribution: simulated
I : ﬁ * poor . atching algorithms
W-W, = i "}: — 0 beam loss is observed in the SRF linac
SNS Lina:; - 2 -Lo:; ;;I::S SNS Linac 3 Losj;;::;
Expected to match the beam in linac. Expected negligible SCL beam loss.
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Reality: Impact of H Intrabeam Stripping

H H - Saw much more beam loss than expected.

a - - Factor ~2 decrease in quad strength
( ) reduced losses significantly.

< 0 _ - Later realized (and confirmed) H- intrabeam
H H stripping.
c

SCL Average Losses 2011.09.25
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SCL Activation History

~100 mrem/hr @ 1.4 MW
for design quads
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* Running 1.4 MW would have been very hot for design quadrupoles
* Probably would have had High Radiation Areas in linac tunnel.
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Flashback 1999: Motivation for an SCL

Preliminary Design Report

Superconducting Radio Frequency Linac
for the Spallation Neutron Source

December 20,1999

The general advantages of a superconducting linac for the SNS are:

1. Construction and operating costs are considerably less compared to the warm linac. Expected
power consumption 1s about 12 MW (50%), including cryo-plant, less than in the normal-
conducting linac case.

2. Availability of the SC linac can be designed to be higher than the warm linac. This 1s due to
the fact that each SC cavity has substantial reserve capability.

3. The reserve capability can be used later to upgrade the linac energy to about 1.3 GeV by
increasing the klystron power. This corresponds to a beam power of 4.3 MW.

4. Energy stability 1s better than for the warm linac resulting in lower beam loss in the high-
energy beam transport.

5. Ultra-high vacuum from the cryogenic system creates less beam-gas scattering resulting mn

W
. The much larger bore of the SC cavity reduces linac component activation due to beamloss. >

If SNS had chosen the warm linac option, we could not have achieved 1.4 MW
beam power with < 1 W/m, due to intrabeam stripping.

-- We narrowly escaped this fate!
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Reality: No Matching in the Linac

Transverse Beam Size SCL, fit to measured RMS

jm ‘Hg ,f\m,ﬂ J,w‘ ".L_,M‘H}' "l..d i ! i "g\ M ‘\______ __H//./"
Ros, [m]
k Fl .'i-. ‘\J'hi. N —_—
Jv“mh ﬁ'i .J’N\.l "“.\N".JI..-““ ’ “N‘\\,“\ AL . = n--.___\--‘/'._i \N\'
5.0
. . ] 2014.08.10 B hL itudinal RMS
Beam is mismatched, transverse as] 1,=24ma e s
and long., throughout entire linac. 4.0]4 Production beam —s—Mpasuiements
After multi-year effort, model now 3.0
agrees with measurement for g 251
RMS ! 20
1.5
See Shishlo WEPM2Y1 1.0
0.5—;
0.0 —————— O, O TR N I ey oo [ r T rrrv vty 1

SCL Cavity Index



Understanding Our Linac Beam Loss

More quad defocusing increases beam loss — we have reach the limit.

Focusing
RMS Beam Size R A
Presently, SCLB ~10 I )
ore I A
Beam Loss: Beam Loss:
Intrabeam / Halo \

, . trippina" RF /nonlinearity
We don’t understand the remaining beam loss. w

Probably ‘halo’, but from what? How much?

M ' fwh fi “halo™
any ideas of what defines “halo - At SNS we are going to define halo as

Reality can be so complex that equally valid observations 1 0—4 — 1 0—6 Of peak density (per 2014
from differing perspectives can appear to be contradictory. . .
Workshop on Beam Halo Monitoring).

No
, « Some SNS diagnostics can measure

this level. (See Aleksandrov -THAM5Y01)

\ « Models are now ready to attack this
problem (see Shishlo WEPM2Y1)
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Flashback 2002: MEBT Chopper Paranoia

10 20 30 40 50

0 3 6 9 121518 21 24 27 30 33 36 39 42 45 48
time (nsec)

time (nsec)
L

ASAC Review ;
PR ASAC Review A
Controlling Beam Loss
FRONT END COMMISSIONING in the SNS Linac
cn wni Partially Chopped Bunches =~ 1.5% of Total
oppr ™ ?’QNS Beam Current or 22 kW
MEBT chopper front ! il m§N§
£ WT chopper
E front 2 50
a time . s
» Synchronize pulse timing fos o
- Position chopper target edge § 0s e £
+ Measure beam extinction ratio fos et S
« Establish 180° phase advance between chopper and “ 02 1 l |
antichopper us; RARRRRNNNYE ,I,l

I 2
I

o 2

')4 )5 7 5 It
%llm :

5 2 Z]

N

+ There will be 5 partially chopped pbunches on each end of

a minipulse
i + Current ramping represents an additional 0.5%
MEBT chopper drove MEBT No MEBT With MEBT
design: Chopper Chopper
- Required 180 phase advance # Quadrupoles 4 14

between chopper and anti-
chopper. # Bunchers 1 4




Reality: MEBT Chopper Not Necessary

Effect on SCL Losses

- Did not result in significant @ g | g ! ! g

- T L Y
- Slightloss reductioninring .| - vowedbloo ]
collimation, extraction, but P
losses already low there. -
0

I 1 il 1 4 3l Kl

- In fall 2014, chopper target
leaked and flooded the
MEBT.

- Resulted in complete MEBT
disassembly + reassembly.
4 weeks downtime

- MEBT chopper removed.
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SNS Accumulator Ring Design Parameters

Design Parameters

Circumference: 250 m i
Energy: 1 GeV | "
Intensity: 1.5e14 ppp
# bunCheSZ 1 '-'. “\..., -7 -~--’/}
Bunch length: 700 ns : |
Accumulation Time: 1 ms 1 GeV H-

Repetition Rate: 60 Hz ———c—
= Beam Power: 1.4 MW

* / : Target

The design of the ring was focused on beam loss control.

It has been in operation for 10 years.

It has performed beautifully.
%OAK RIDGE
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Outline

o & b~

Performance measures.

What we got right: High pay-off investments
Stuff we worried too much about.

Stuff we should have worried more about.

The power upgrade project.
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Large Aperture:
The Highest Payoff Investment We Made

Based on considerations of collective effects,
decided to use a very big aperture.

Element Diameter Acceptance
(cm) (mm mrad)

Va e | 20 - 30 480 pi

Dipole 23 x15 480 pi

Quadrupole

Collimator 10 - 16 300 pi

And it works. We use it all.

(Thanks Y.Y. Lee and B. Wang!!)




Ring Betatron Collimation: High Payoff

« Two stage collimator occupies an entire straight section.
« Each secondary collimator can absorb:

v' 2 KW continuously, or
v' 2 consecutive 2 MW pulses in failure mode.

We credit the clean ring largely to the collimation system.
We do not use the collimator in a two stage fashion. Prioritize aperture.

- LINALIOIAL LAaDOLIAlUL Y | QUURLE



Dual Plane Injection Painting: High Payoff

We paint in both planes with a correlated beam, all the way to
collimator aperture.

The injection losses would be intolerable without it.

0.4

035

03 r

025

02

0.15

01r

0.05

~ 1 MW Equivalent Beam Profiles
For Two Equal Emittance Beams

Painting
No Painting /-

.....
"""""
o

-60 -40 -20 0 20 40

60

Injection Region Beam Loss Monitor Signals

450 -
1 400 -
1 350 -
{ 300 -
| 250 -

200 -
| 150 -
| 100 -
50 -

B Painting

B No Painting

Allc

A11d

-

Alle  A13 A13b  BO1



e-P Mitigation: Worth the Investment ??

In the area of collective effects, e-p was the biggest concern.

Mitigation Feature Usage Now
Strong knob when e-p pre;m

No way to know if it helps

Clearing electrodes Not in use

No significant e-p seen
o during production so far.

E 500

<4 Trace levels after opening -
E vacuum. No beam loss.
’

See Evans TUPM1X01

50 100 150 200
f[MHz]

“N. Evans



Two Things We Worried Too Much About

1. Space charge effects: Resonances, halo

Feature Usage Now

Octupoles correctors Never been used

Octupoles (2 families) | Never used during production

Vertical Tune Qy

586 58 6 6.2 6.4
Horizontal Tune Qx

2. Extraction loss:

« Beam in gap kicker — never installed

« Gap smaller, cleaner than expected:

1. Very good LEBT chopping
2. Reduced extraction kicker drift

RING ARC D ,
AND uvc:z ®,
EXTRACTION




Injection: We Didn’t Worry Enough

» Design changed caused unintended consequences.
» Trajectories were not sufficiently modeled.
 Fallout was many changes once reality struck:

New C-magnet

_ _ Increase septum .
Oversize & thicker magnet gap by 2 cm New WS, view screen,

primary stripper BPM, NCD (ridicules)

foil Thinner, wider Increased beam pipe
secondary stripper aperture
foil
Shift 8 cm
beam left

A
O
i

BES



We Didn’t Worry Enough: Convoy Electrons

Convoy electrons carry 1.6 kW power at 1.4 MW
Reflected electrons have cause bracket damage
Damage to electron catcher is worsening issue

b See Plum TUMAGX01

Ti bracket
3 months at
1.1 -1.4 MW.

[\

, TZM bracket,
~16 days at 1.4 MW

Vacuum chamber wall

Stripped proton beam

Stripping
foil

Injecting H beam

- Stripped
..... % _.electrons

D Clearing

Blection : mrt--oot alectrode
N LS
cullcclurlj

Water cooled
copper plate




Menu of Initial Investments and Payoff

Feature Cost Payoff So Far
Large Aperture $$5% High
Injection Painting $$% High
Collimation $$3 High

TiN coating $$% Unknown
2nd harmonic RF $$ Medium
Main sextupoles $3 Low
Main octupoles $3 None
Sextupole correctors $ None
Octupole correctors $ None
Clearing solenoids $ None
Beam in gap kicker $ None
Clearing electrodes $ None

SPALLATION
NEUTRON
SOURCE

We spent the big bucks where it counted most. g
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STS and the Beam Power Upgrade

Parameter Now Upgrade
Beam Power 1.4 MW 2.8 MW
Beam Energy 1.0 GeV 1.3 GeV
Beam Intensity 1.5e14 ppp 2.5e14 ppp

 We need to go from 35 mA to 50 mAin linac.
* We are worried about foil sublimation and e-P. i»




<<
  /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


