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X-ray instrument plans for LCLS-II

LCLS-II KB Mirror Systems: Technical Challenges and Solutions
MEDSI 2016, Sept. 11-19, 2016,  L. ZHANG

• 7 instruments fed by a single undulator at present
• 9 instruments available for LCLS-II

NEH 1.1: Atomic, Molecular and Optical 
NEH 2.1: Resonant Inelastic X-ray Scattering
NEH 2.2: Soft X-ray Research
NEH 1.2: Tender X-ray Instrument
XPP: X-ray Pump Probe
XCS: X-ray Correlation Spectroscopy
MFX: Macromolecular Femtosecond Crystallography
CXI: Coherent X-ray Imaging
MEC: Matter in Extreme Conditions

3 Soft X-ray

5 Hard X-ray

1 “tender” x-ray

SXU

HXU

Far
Hall

XCS MFX CXI MEC

Near
Hall

N1.1 N1.2 XPP

N2.1

N2.2

~ 50 m ~ 70 m
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KB mirror systems for Soft and Tender X-ray 
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NEH 1.1
• High Flux Soft X-ray
• Bendable K-B Pair

─ 1 μm
• Fixed Figure K-B Pair

─ 300nm
• 250-1300 eV

NEH 1.2
• Tender X-ray Instrument
• SXR Bendable K-B Pair

─ 1 μm
• HXR Bendable K-B Pair

─ 1 μm
• 400-6000 eV

NEH 2.1
• RIXS
• Bendable K-B Pair 

─ 2x10μm
• 250-1350 eV

NEH 2.2
• Mono Soft X-Ray
• Bendable K-B Pair

─ 1x4 μm
• 250-1350 eV
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Some properties of XFEL, optics requirements
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 Nearly monochromatic beam (especially with self-seeding)
 K-B mirrors absorbs ~ 10% XFEL beam power,   to be actively cooled

 Fully coherent photon beam   Wavefront preservation
 2*FWHM beam size needed

 Shape error requirement (SR ≥ 0.97)

∞ acceptance 2 FWHM accept. 1 FWHM accept.
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LCLS-II K-B mirror system

LCLS-II KB Mirror Systems: Technical Challenges and Solutions
MEDSI 2016, Sept. 11-19, 2016,  L. ZHANG

WEPE33 KB Mirror Design for the LCLS-II 
SXR Beam Line

FRBA04 LCLS-II KB Mirror Systems: 
Technical Challenges and Solutions

 Dynamically bendable
 Water cooled
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KB mirror system, technical challenges

LCLS-II KB Mirror Systems: Technical Challenges and Solutions
MEDSI 2016, Sept. 11-19, 2016,  L. ZHANG

 Kirkpatrick-Baez (K-B) mirror configuration

 Ellipsoidal shape

 Technical challenges
 Large Acceptance   Long mirror
 Variable Source & Focal Points  Bendable Mirror
 Sub Nanometer Shape Error Limited Suppliers
 High Demagnification  Tight Bending (stress issues,…)
 Few tenth nrad residual bending error  Variable Mirror Width
 High Thermal Loads & Variable Footprint   Innovated Cooling
 Minimize the coupling between the mirror Bending & Cooling



8

Technical challenges

LCLS-II KB Mirror Systems: Technical Challenges and Solutions
MEDSI 2016, Sept. 11-19, 2016,  L. ZHANG

 Large Acceptance   Long mirror
 Variable Source & Focal Points  Bendable Mirror
 Sub Nanometer Shape Error Limited Suppliers
 High Demagnification  Tight Bending (stress issues,…)

 Sub-µrad residual bending error  Variable Mirror Width
 High Thermal Loads & Variable Footprint   Innovated Cooling
 Minimize the coupling between the mirror Bending & Cooling



9

Mirror profile optimization

Preliminary Design Review of the KB mirrors for LCLS-II SXR
August 27, 2015,  L. Zhang & D. Morton

 Width profile defined by Bending Equation (BE)

 Limitation of the  analytical formula
(Beam theory approximation)

)()(12)( 3 xR
Et

xMxw =

F1 = F2 = 60 N

F1 = 62.92 N
F2 = 63.58 N

Residual Slope Error (RSE) :
∆slope = slope – slopeellipse

ANSYS Release 16.0     
AUG  4 2015
08:31:00   
ELEMENTS
/EXPANDED 
PowerGraphics
EFACET=1

1

FE model with bending forces (VFM)  

F   

X Y

Z

LCLS-II KB mirror: VFM, Fin=60, Fout=60 N, Ndxc=8, i=5                          
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Mirror profile optimization

Preliminary Design Review of the KB mirrors for LCLS-II SXR
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ANSYS Release 16.0     
AUG  4 2015
08:31:00   
ELEMENTS
/EXPANDED 
PowerGraphics
EFACET=1

1

FE model with bending forces (VFM)  

F   

X Y

Z

LCLS-II KB mirror: VFM, Fin=60, Fout=60 N, Ndxc=8, i=5                          

Silicon crystal orientation
(low stress & bending force)

• Mirror optical surface //
Si (110) plan

• Tangential-axis // [001]

Optimized Mirror Profile (VFM, q=2m)

V201505

• L. Zhang, SMEXOS (2009), Grenoble, France
• L. Zhang et al., AIP Conference Proceedings 

1234, 801 (2010); doi: 10.1063/1.3463335 
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Optimized Mirror Profile – bending performance

Preliminary Design Review of the KB mirrors for LCLS-II SXR
August 27, 2015,  L. Zhang & D. Morton

iter=1

 Following effects 
to be taken into account 

 Bender stiffness (not negligible)
 Anticlastic-bending effects
 Anisotropy of the Si crystal
 Geometrical non-linear effects in 

the simulation
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Optimized Mirror Profile – bending performance
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Optimized Mirror Profile – bending performance
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Optimized Mirror Profile – bending performance
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Optimized Mirror Profile – bending performance
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Optimized Mirror Profile – bending performance

Preliminary Design Review of the KB mirrors for LCLS-II SXR
August 27, 2015,  L. Zhang & D. Morton

iter=1 iter=2 iter=3 iter=4 iter=5

RMS∆slope (reduction factor : ~ 104)
 43.7 μrad (with the profile defined by BE)
 0.005 μrad (with the optimized profile by FEA)

RMS∆slope-opt /slopePV-ellipse ~ 2 10-6

 Following effects 
to be taken into account 

 Bender stiffness (not negligible)
 Anticlastic-bending effects
 Anisotropy of the Si crystal
 Geometrical non-linear effects in 

the simulation
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Technical challenges

LCLS-II KB Mirror Systems: Technical Challenges and Solutions
MEDSI 2016, Sept. 11-19, 2016,  L. ZHANG

 Large Acceptance   Long mirror
 Variable Source & Focal Points  Bendable Mirror
 Sub Nanometer Shape Error Limited Suppliers
 High Demagnification  Tight Bending (stress issues,…)
 Sub-µrad residual bending error  Variable Mirror Width

 High Thermal Loads & Variable Footprint  Innovated Cooling
 Minimize the coupling between the mirror Bending & Cooling
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Final cooling design

 Contact (Top-up-side), one single length water cooling

based on SSRL designs 
for contact cooled mirror

Silicon
intermediate 
Blocks (SiB)

Contact surface with 
mirror at a nominal 
gap (50µm) of GaIn

Bonded contact 
interface with GaIn
or Indium foil

Cu cooling Block 
(CuB)

Preliminary Design Review of the KB mirrors for LCLS-II SXR
August 27, 2015,  L. Zhang & D. Morton
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intermediate 
Blocks (SiB)

Contact surface with 
mirror at a nominal 
gap (50µm) of GaIn

Bonded contact 
interface with GaIn
or Indium foil

Cu cooling Block 
(CuB)
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Mirror cooling design – 3 schemes

 Top-up-side water cooling

Preliminary Design Review of the KB mirrors for LCLS-II SXR
August 27, 2015,  L. Zhang & D. Morton

1. Single-length cooling

• L. Zhang et al.  J.  Syn.  Rad. (2015). 22,1170–1181
• L. Zhang et al. ,  SRI 2015 Conference
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back face view

2. Variable-length cooling

1. Single-length cooling

• L. Zhang et al.  J.  Syn.  Rad. (2015). 22,1170–1181
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Mirror cooling design – 3 schemes

 Top-up-side water cooling

Preliminary Design Review of the KB mirrors for LCLS-II SXR
August 27, 2015,  L. Zhang & D. Morton

back face view

2. Variable-length cooling

3. Electric heater + Single-length cooling 

optical  face view

1. Single-length cooling

• L. Zhang et al.  J.  Syn.  Rad. (2015). 22,1170–1181
• L. Zhang et al. ,  SRI 2015 Conference

RMSthermal : = f (Lheater, Paheater, x)
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Mirror cooling design – performance

 LCLS-II SXR K-B mirrors
 For 20 W of XFEL beam power, full-length (top-up-side) cooling is 

sufficient 
 For 200 W of XFEL beam power, optimal, variable-length cooling is 

needed

Preliminary Design Review of the KB mirrors for LCLS-II SXR
August 27, 2015,  L. Zhang & D. Morton
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Mirror cooling design – performance

 LCLS-II SXR K-B mirrors
 For 20 W of XFEL beam power, full-length (top-up-side) cooling is 

sufficient 
 For 200 W of XFEL beam power, optimal, variable-length cooling is 

needed

Preliminary Design Review of the KB mirrors for LCLS-II SXR
August 27, 2015,  L. Zhang & D. Morton

Resistive Element Adjustable Length
REAL Cooled Optics
(DoE funded R&D project, 2017-2018 FY)
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Technical challenges

LCLS-II KB Mirror Systems: Technical Challenges and Solutions
MEDSI 2016, Sept. 11-19, 2016,  L. ZHANG

 Large Acceptance   Long mirror
 Variable Source & Focal Points  Bendable Mirror
 Sub Nanometer Shape Error Limited Suppliers
 High Demagnification  Tight Bending (stress issues,…)
 Sub-µrad residual bending error  Variable Mirror Width
 High Thermal Loads & Variable Footprint   Innovated Cooling

 Minimize the coupling between the mirror Bending & Cooling
̶ Minimization of mechanical constraint effects of Eutectic GaIn as 

thermal interface (presented WEBA02)

̶ Bend cooling blocks (design optimization practice)
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Cooling blocks bending and translation

F

Flexor (spring) 
support

Single pusher: 
bending + translation

KB mirrors for LCLS-II SXR beamline - progress report
Jan 25, 2016

k2k1

y

x
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 Cooling block bent shape: yCB(x, F, k1, k2)
 Mirror shape (ideal ellipse): ymir(x, q)
 For given value of  F, k1, k2, q
 Minimization : dUy(x) = yCB(x) – ymir(x)
 dUy(x)  RMS, dpv
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Cooling blocks bending and translation

F

Flexor (spring) 
support

Single pusher: 
bending + translation

KB mirrors for LCLS-II SXR beamline - progress report
Jan 25, 2016

k2k1
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= RMS*dpv

y
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Cooling blocks: single pusher + elastic supports

KB mirrors for LCLS-II SXR beamline - progress report

February 8, 2016

 1 pusher: F
2 flexor supports: k1, k2 

 F : 6 ~ 10 N
 k1 = 52.93 N/mm, k2 = 48.15 N/mm

Uniform cross section



18

Cooling blocks: single pusher + elastic supports

KB mirrors for LCLS-II SXR beamline - progress report

February 8, 2016

 1 pusher: F
2 flexor supports: k1, k2 

 F : 6 ~ 10 N
 k1 = 52.93 N/mm, k2 = 48.15 N/mm

Uniform cross section



18
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Cooling blocks: single pusher + elastic supports

KB mirrors for LCLS-II SXR beamline - progress report

February 8, 2016

 Flexor Supports
 Stainless steel thin blade

 Width w (add 10% to initial values) can be adjusted
(re-machined) to fit exact k-values 

 1% accuracy for the values of k1, k2
should be achievable

3

3 16192






==

L
tEw

L
EIk

w

L

kN (N/mm) k1 k2 Δ% Δ0 Δreq 

target 52.93 48.15
1% mm mm

E (N/mm2) 2.00E+05 2.00E+05
t (mm) 0.2 0.2 0.3% 0.0006 ±0.01
L (mm) 20 20 0.3% 0.06 ±0.05
w (mm) 16.54 15.05 1% 0.150 ±0.1
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Cooling blocks: translation + rotation

LCLS-II KB Mirror Systems: Technical Challenges and Solutions
MEDSI 2016, Sept. 11-19, 2016,  L. ZHANG
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Cooling blocks: translation + rotation

LCLS-II KB Mirror Systems: Technical Challenges and Solutions
MEDSI 2016, Sept. 11-19, 2016,  L. ZHANG

dUy(x) = yCB(x) – ymir(x)
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Cooling blocks: translation + rotation

LCLS-II KB Mirror Systems: Technical Challenges and Solutions
MEDSI 2016, Sept. 11-19, 2016,  L. ZHANG

dUy(x) = yCB(x) – ymir(x)
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Summary

LCLS-II KB Mirror Systems: Technical Challenges and Solutions
MEDSI 2016, Sept. 11-19, 2016,  L. ZHANG

Technical challenges
 Large Acceptance   Long mirror
 Variable Source & Focal Points  Bendable Mirror
 Sub Nanometer Shape Error Limited Suppliers
 High Demagnification  Tight Bending (stress issues,…)
 Sub-µrad residual bending error  Variable Mirror Width
 High Thermal Loads & Variable Footprint   Innovated Cooling
 Minimize the coupling between the mirror Bending & Cooling

̶ Minimization of mechanical constraint effects of Eutectic GaIn as 
thermal interface (presented WEBA02)

̶ Bend cooling blocks (design optimization practice)

 LCLS-II K-B mirror system
 Dynamically bendable
 Water cooled

 Prototype testing
 2016 Q4

 Final KB mirror system
 Mirror procurement 2017 Q1
 Mechanics procurement 2017 Q2
 Delivery 2018 Q1
 Assembly, Metrology and Tests 2018 Q2
 Installation & commission 2018 Q3



22

Acknowledgement

LCLS-II KB Mirror Systems: Technical Challenges and Solutions
MEDSI 2016, Sept. 11-19, 2016,  L. ZHANG

• E. Anderssen LBNL
• R. Baker ESRF
• J.C. Castagna SLAC/LCLS
• M. Church SLAC/SSRL
• R. Duarte LBNL
• D. Harrington SLAC/SSRL
• J. Krzywinski SLAC/SSRL
• T. Rabedeau SLAC/SSRL
• A. Ringwall SLAC/SSRL
• E. Ortiz SLAC/LCLS-II
• B. Schlotter SLAC/LCLS-II
• V. Srinivasan SLAC/LCLS, now India
• P. Stefan SLAC/LCLS
• Randy Whitney SLAC/LCLS

This work performed under DOE Contract DE-AC02-76SF00515.



<<
  /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


