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Outline
• What is the SNS?
• Current Machine Performance
• Second Target Station Capabilities / Proton Power Upgrade
• The Path to ~3.0 MW

– Sustainable operation at 1.4 MW
– Ion Source
– RFQ
– Beam Energy
– Ring Injection
– Modulators and RF
– Targets
– Activation

• Summary
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between minipulses

The SNS is a ~1 GeV pulsed linac and accumulator ring 
capable of delivering ~23.3 kJ proton pulses at 60 Hz

The front end produces a 60 Hz, ~1 ms long chopped H- beam

Accumulator Ring: 
Compress ~1 msec
pulse to 700 nsec

2.5 MeV

Superconducting LINACFront-
End
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Injection Extraction
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~972 MeV
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186 MeV

Warm Linac

• Power (and base neutron flux) is the product of: – Beam Energy
– Peak Current 
– Chopping Fraction
– Duty Factor (Repetition 

Rate * Pulse Length)

~35mA
peak

75%

(25%)
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The SNS is capable of sustained operation at power levels up to 1.4 MW 
but overall reliability has been affected by target performance
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SNS has delivered almost 34 GW-Hr of proton beam to 
target over 10 years and delivers 700-800 experiments/year

Target 
Conservation at 

0.850 MW

First 1MW 
Operation

1.4 MW Operation

Target Experiment
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Real-time manipulation/visualization 
of massive data sets
Combine and interpret 
multi-technique data
Linking experimental data 
and theory
Unified reconstruction 
of imaging and scattering data

Simultaneous access to wide
range of length/time scales

Wavelength dispersive methods
Extreme sample environments 

(limited angular access)
Limits heat deposition in compact target

Nano- to mesoscale
phenomena

Slow dynamics
Neutron spin 
manipulation

Beam focusing

High-throughput – in situ sample synthesis

Out-of-equilibrium behavior phenomena

Kinetics: Time-dependent phenomena

Small samples – microspot scanning
Parametric studies

Orders of magnitude performance gains
Integrated polarized neutron capabilities
Manipulate sample nuclei 
and electron spin in situ
Multimodal and flexible 
reconfiguration

Beam line as a lab

ORNL/SNS proposes to build an innovative Second Target 
Station (STS) at SNS to meet the US demand for neutrons

STS
capabilities

High peak 
neutron 

brightness

10 Hz 
operation

High-
performance 
computing

Innovative 
instrument 
concepts

Cold 
neutrons
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The STS is the driver for the technical requirements – but 
the existing target station can benefit
(Technical Design Report Jan. 2015)

• 10 Hz
– Redirect 1 of 6 pulses to STS
– First Target Station (FTS) still 

receives 50 Hz

• High Brightness
– Double accelerator intensity per 

pulse
– Make neutron source more 

compact

• Cold neutrons
– Optimize cold coupled moderator
– Provisions for long beam-lines

1 2 3 4 5 6 7 8 9 10 11 12 

Pulse 

STS
FTS

FTS

STS

Proton beam footprint
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STS will be world’s highest peak brightness neutron source

SNS ring compresses proton 
pulse to form sharp neutron 

pulse

5 Å

Comparison with ESS and J-PARC
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SNS has identified and is addressing barriers to routine 
operation at 1.4 MW with ~10% margin

Plasma processing 
increases high beta SCL 

cavity gradients

Peak current limitation:
Poor beam transmission 

through RFQ
60 – 75%

Energy limitation:
SCL cavity gradients 

(notably high beta) limit max 
beam energy to ~972 MeV

Chopper 
improvements:

Rise/fall time 
improvements, longer 

minipulse length

Plan to install new RFQ 
April-June 2017

Accelerated peak current and beam energy 
limitations have been offset by LEBT chopper 

improvements, but we need more margin

Source 
and 

LEBT

DTL

2.5 MeV

RFQ CCL

972 MeV86.8 MeV

To
Ring

402.5 MHz 805 MHz

SCL β=0.61 SCL β=0.81

186 MeV 387 MeV

MEBT

Foil limitation:
Survivability 
and damage 
rates at high 

power

New foils, new 
brackets, electron 

catcher, laser stripping

“smart 
chopping” 

will 
enhance 
charge 

per pulse
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The path to increased power at SNS is through the Proton 
Power Upgrade (PPU) project

SRF linac
7 new SRF 

cryomodules

Associated RF 
support 

equipment

Copper linac
Upgrade some 
RF equipment

Ring
New injection 

magnets

2 new 
extraction 

kickers

Target
2 MW capable 

target

Accelerator power Energy Current Pulse length Repetition rate

1.4 MW 0.97 GeV 26 mA 1 ms 60 Hz
2.8 MW 1.3 GeV 38 mA 1 ms 60 Hz

= × × ×

The key objective is to increase the available energy per pulse from ~23.3 to ~47kJ
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The SNS machine was built to accommodate certain 
upgrades

LINACFront-End Upgrade

Extraction

Klystron gallery: fill empty area with high 
power RF equipment

Beam extraction:
Fill empty space with kickers

Tunnel: Fill 7 empty drift sections with 
cryomodules (space available for 9)

96% Ring + transport line magnets are
1.3 GeV ready

Must 
rebuild 

injection 
region for 
1.3 GeV
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SNS has established test facilities and processes to ensure 
we can achieve the PPU technical basis

Spare RFQ : 
Improved transmission

Ion source test stand 
has led to current increases, 

demonstrating capability 
required for PPU

Spare SRF cryomodule
operational since 2012, 

demonstrating PPU 
required cavity gradient 

Spare RFQ is undergoing 
beam tests and 

is expected to provide 
required PPU transmission

Plasma processing 
for in situ cavity gradient 
improvement of installed 
cryomodules has been 

demonstrated

Ring damper system 
is operational, providing 

insurance against 
instabilities at higher 

PPU intensities
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The SNS H- ion sources have consistently demonstrated 
performance that supports PPU requirements
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• Current PPU approach 
eases ion source 
requirements but we 
would like 10% margin:  
keep improving

• Need ~ 46 mA out of 
RFQ, 55 mA into RFQ

• Utilize new Beam Test 
Facility and existing ion 
source test stand to 
increase margin

Existence proof: RFQ design can 
transmit PPU beam current

Production source performance
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We are making very good progress on commissioning the  
Beam Test Facility and spare RFQ 
• Achieved 20mA RFQ output peak current  required 

by low power commissioning plan
• Commissioned all beam diagnostics 
• Measured RFQ transmission of ~90% at 20mA is 

close to  design expectation
• Measured RFQ output energy of 2.5 +/-.02 MeV is 

close to design expectation and well within DTL 
acceptance

• Measured transmission through MEBT of >98% is 
determined by BCM accuracy and acceptable for 
beam power ramp-up

• All low current commissioning plan task are 
complete

• Ion source is being tuned to provide nominal RFQ 
output current of 40mA   

RFQ transmission vs. 
RF power scan

Beam current 
at RFQ exit

Beam current 
at beam  stop

Transverse beam profile measured with 2-d slit scan



15 Technological challenges on the path to ~3.0 MW at 
the SNS – TUA1IO03 - NAPAC16 – October 11, 2016

0 
2 
4 
6 
8 

10 
12 
14 
16 
18 

0 20 40 60 80 100 120 

Ea
cc

 (M
V/

m
) 

Cavity Number 

STS 

Present 

The SNS spare high-β cryomodule has 
demonstrated the PPU gradient requirement

Gradients are reasonable:
• 16 MV/m for new CMs
• Same as spare CM built in 2012
• ESS: 18.5 MV/m
• LCLS-II: 16 MV/m

RF power:
• Existing cryomodules limited to 

550 kW/ klystron
• New ones will be 700 kW 

capable (off-the-shelf)
• Couplers are adequate to 

support higher power0 

100 

200 

300 

400 

500 

600 

700 

0 20 40 60 80 100 120 

RF
 p

ow
er

 (k
W

) 

Cavity Number 

Limit

Cavity Gradients

Klystron Power

Existing spare cryomodule 
performance



16 Technological challenges on the path to ~3.0 MW at 
the SNS – TUA1IO03 - NAPAC16 – October 11, 2016

PPU strategy to achieve 1.3 GeV
• Fabricate seven new high beta cryomodules in-

house and install to increase beam energy to 
1.3 GeV
– A design gradient of 16 MV/m is specified 
– Improvements will be incorporated in the cavity 

design to enhance performance
– Nine empty slots available

• Utilize experience from high beta spare 
cryomodule
– Maintain certain design interface points for ease 

of integration of new cryomodules into the 
existing tunnel

– Meet the pressure requirements set forth in 10 
CFR 851

• Build a medium beta spare cryomodule
– Start in 2017

• Expand the plasma processing technique for 
medium beta cavities
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SNS accumulator ring injection at high beam power 
presents several challenges

H- beam 
from Linac Thin

Stripping Foil

To 
Injection
Dump

Thick
Secondary Foil

p
H0

H-Dipole 
magnets

H- beam 
from Linac Thin

Stripping Foil

To 
Injection
Dump

Thick
Secondary Foil

p
H0

H-Dipole 
magnets

Stripper foil mount and bracket damage
Electron collector damage
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The ring injection system will have to be replaced to 
accommodate the PPU beam energy of 1.3 GeV and manage 
stripping of excited neutron hydrogen atoms
• Ring injection is the most complicated part of the SNS 

accelerator complex – also the most activated
– Most injection magnets are replaced in PPU

• Magnet requirements continue to be refined
– “Exotic” beam loss mechanism drives magnet size

Excited state neutral 
H transport 
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• First microsecond-long laser-assisted H- stripping.
• Demonstrated stripping for 8 μs long pulse with ≥ 98% efficiency.

H- pulses before stripping 

Proton pulses during stripping 

SNS has successfully demonstrated ~10 μs laser- assisted 
stripping

* Funded in part by a DOE HEP grant 
through University of Tennessee, with 
ORNL and Fermilab partnership.   
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Smart chopping using RF gymnastics at the end of 
accumulation could allow increased charge per pulse

A 5-10% increase in “average un-chopped” 
fraction may be possible – testing planned for 

Fall of 2017

1 turn

Relatively large un-chopped 
flattop most of injection

Longitudinal “tricks” to recover big gap 
at extraction time
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Pulse flattening to achieve reliable 1.4 MW operation, provide additional 
LLRF control margin and support PPU
• Klystrons are at saturation at the end of the pulse with no remaining control margin
• Pulse flattening for improved LLRF control margin demonstrated and currently running on DTL-Mod5, 

SCL-Mod18 and test modulators
• Utilizing frequency modulation
• Comparable LLRF regulation error

• IGBT commutation currents increase by 40% but still acceptable

SCL-Mod18 Output Voltage with 17.8 to 23.0 kHz frequency modulation

18.5 – 23.0 kHz sweep with vernier
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The Alternate Topology Modulator (ATM) shows promise for PPU and 
other applications

• Presently installed in HEBT test stand.
• Delivering 1.2ms 70kV 100A pulse at 60 Hz.
• 92% efficient  ZVS/ZCS power conversion.
• Thermal run completed. Maximum temperatures recorded 

transformer (76 °C), rectifier (72 °C) and resonant 
capacitor (39 °C) are well within safe operating margins.

• Plan to operate at levels required for PPU after verifying 
safe for beam stick loads (shorted wire test)

Fixed frequency operation: output regulation 0.7% pp 
presently limited by phase to phase imbalance in 

resonant tank components.
Variable frequency operation: 24kHz-19kHz sweep 

illustrating pulse flattening capability

AØ,BØ,CØ XFMR Primary Currents

AØ,BØ,CØ XFMR Primary Currents

Mod Vout ripple (~1.3%)

Mod Vout ripple detail

1.2ms pulse 1.2ms pulse
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Modulators require some development for PPU but should achieve 
reliability comparable to existing modulator performance

• Modify boost transformers in warm linac to achieve required higher output voltages, esp. for 3.0 MW 
klystrons

• Existing medium/high beta cavity klystron:modulator ratio of 10:1 forces higher DC bus voltage for 
additional power
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10 klystrons per
modulator
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Suggested existing SCL 

Suggested new SCL 
HVCM operating point, 
first 2 modulators

current 
operatin
g levels

• Reduction to a 9:1 klystron:modulator ratio for 
first 18 new cavities (2 HVCMs), 10:1 ratio for 
the last 10 new cavities at reduced power levels

• 3 additional modulators required for PPU 
upgrade

HVCM Considerations for PPU with 3.0 MW Klystrons in DTL4
and DTL5 Locations
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The SNS mercury target module remains a barrier to 
sustainable operation at 1.4 MW but we are learning rapidly

• 23 kJ/pulse at 1.4 
MW

• 700 ns pulse, 60 Hz
• 5 x 106 pulses/day

1.3 m

• Continue target 
reliability approaches
– Gas bubble injection 
– Target redesign for 

higher power
– Strain measurements 

on a target
– Improved Post 

Irradiation Examination

– Fabrication 
improvements

• FTS Systems
– Re-evaluate 2 MW 

safety-envelope limit
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We’ve addressed target vessel structural challenges but 
high-power cavitation damage erosion remains an issue 

T1

T2

T3

T4

T5

T6

T7

T8

T9 T10

T11

T13

T12
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The target plan for PPU builds on current activities and 
focuses on gas bubble/wall injection and system upgrades 

1.4 MW 
reliable 

operations

2016 2023

Initiate 
target 

fabrication

20212018

Ongoing target post irradiation examination, instrumentation

Gas wall injection development

Red = PPU 
Activities

Evaluation of auxiliary target systems
(shielding, cooling, …)

FTS Target Reliability
- Structure/fabrication
- Gas injection
- Flow

PPU 
complete

2020

Final 
target 
design
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Activation levels in the SNS complex are manageable but 
some areas may challenge 1 W/m design loss at ~3 MW 

1.3 MW until 3 to 5 hours before survey
Sept. 22, 2015
All numbers are mrem/h at 30 cm
100 mrem/h = 1 mSv/h

90
LEDP

50
After SCL-1

90
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1000
strip foil

1000
inj kicker

90
coll. straight

80
Extr Sptm
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SCL hb
5 – 45 5 – 35 

70
Slot 32

Ring
5 – 40 

50*
DH13

150*
QH26

RTBT
5 – 25* 

*  3 days after 1.3 MW
** No survey near this time, 

indicated does rates are typical 
Except for a few hot spots, the 
dose rates are relatively low

HEBT
<5**
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SNS is actively pursuing measurements and modeling 
necessary to support low-loss operaiton at ~3.0 MW

Need accurate input 
distribution for 

simulation codes
Need good linac 
simulation code

Need accurate 
SNS linac lattice

Simulation determines parameters 
for minimum beam loss 

6D phase space 
measurement on 

Beam Test Facility

Add linac 
simulation 

capability to 
PyORBIT

Beam-based 
measurement of 

lattice 
parameters

Benchmark 
simulations with 
measurements

B. Cathey FRA1CO04
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Summary
• The SNS machine is capable of routine, highly reliable operation at 1.4 MW 

but margin is needed
• Replacement of the RFQ, additional plasma processing, and modulator 

upgrades will provide margin for 1.4 MW operation by late 2017
• Understanding of mercury target structural issues is much improved, but 

cavitation damage erosion at beam powers above 1.2 MW still requires 
mitigation techniques to be developed

• The Proton Power Upgrade project to double the charge per pulse to ~47 kJ 
is well defined
– New RFQ and incremental ion source improvements will provide the required peak 

current
– 7 high beta cryomodules at 16 MV/m will raise the beam energy to 1.3 GeV
– Ring injection modifications and extraction kicker upgrades are well in hand with robust 

designs
– An aggressive target improvement plan is in place to design and build a 2 MW capable 

target
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Thank you for your attention!



<<
  /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




