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Topical Workshop: ε-Measurements for Light Sources & FELs

38 registrants
24 Talks:
• 12 Talks about SLS
• 9 Talks about FELs
• 2 Talks for Hadron Machines
• 1 Talk for Plasma Accel. 

Some Numbers:



Workshop Programme

Day 2: Focused on FELs
• Requirements from B. Dynamics 
• OTR/ODR techniques
• Wire scanner techniques
• Inheritance from other accelerators: from Hadron Colliders to Plasma Acceleration

Day 1: Focused on Synchrotron Light Sources
• Requirements from B. Dynamics
• Direct Imaging Techniques
• Inverse Space Imaging Techniques
• “Uncommon” techniques: HNFS, x-ray diffraction/interferometry...
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Summary of ε- meas for SLS

Technique Smallest σ, μm
(measured)

Workshop Talk

X-ray Pinhole 7 L. Bobb / F. Ewald
Compound Refractive Lenses 10 F. Ewald / A. Snigirev
In-air X-ray Detectors 9 F. Ewald

Vis. Light Interf. 3.9 T. Mitsuhashi
Vis. Light Inter. (Rotating Mask) 2 (sim) L. Torino
π-polarization (vis) 3.7 A. Andersson

Coded Aperture 5 J. Flanagan
X-ray Diffraction 4.8 A. Snigirev
X-ray (multi/lens) Interferometry 4.8 A. Snigirev
HNFS 110 M. Siano

Presentations are available at: https://indico.cells.es/indico/event/128
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Technique Smallest σ, μm
(measured)

Workshop Talk

Scintillating Screens 1.5 G. Kube (DESY)
OTR Screens 0.75 L. Sukhikh (Tomsk)

ODR/ODRi Techniques 10 E. Chiadroni (INFN)

COTR ~1 A. Potilytsin (Tomsk) 

Wire Scanners 30 K. Wittenburg (DESY)

Wire Scanners (lithography) 0.490 S. Borrelli (PSI)
Laser Wire 3 P. Karataev (RHUL)

IPMs for e-machines ~25 (theo) M. Sapinski (GSI)
Pepper pot (high energy e-) ~200 N. DeleRue (LAL) 6

Summary of ε- meas for FELs 
Presentations are available at: https://indico.cells.es/indico/event/128
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Common for SLS and FELs: PSF characterization is crucial

• With tiny small beams (few microns), imaging might be limited by several factors. 
• Use of simulation tools (SRW and/or Zemax for SLS)

Point Spread Function Dominated Imaging with SR A. Anderssen (Max-IV)

8



See talk
WEOC03 (G. Kube)

Common for SLS and FELs: PSF characterization is crucial

High Resolution Scintillating Screens for Measurements 
of few Micrometer Beams
G. Kube (DESY)
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ε−meas for SLS: Direct Imaging Techniques

o Referred to those techniques in which the beam 
profile is directly imaged into a screen (and then to 
a camera) from the emitted SR

o Beam size inferred from fitting the image to 
(typically) a Gaussian fit (including convolution of 
PSF)

11



Status of X-Ray Pinhole Cameras for SLS, L. Bobb (Diamond)
• Well-known principle since 1545 (used to image solar eclipses)
• In accelerators, used since 1991 by P.Elleaume (ESRF)
• Currently, 10/17 SLS use x-ray pinholes for ε-meas

Yes (10) No (7)

π-polarisation
Diffraction
Interferometry
CRL imaging

Air cooling (6)
Vacuum (3)
Nitrogen  cooling (1)
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Status of X-Ray Pinhole Cameras for SLS, L. Bobb (Diamond)
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Beam Imaging Using X-ray Lenses, F. Ewald (ESRF)

Use of Compound Refractive Lenses (CRL):

Need monochromatic beams 
 Delicate and expensive (beamline-type) components

14



To be compared with a 
resolution of ~5um 

obtained with their pinhole

Compound Refractive Lenses: precision?

Beam Imaging Using X-ray Lenses, F. Ewald (ESRF)
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Beam Imaging Using In-Air X-ray Detectors, F. Ewald (ESRF)
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• Simple, cheap, easy to use
• In operation at ALBA, ANKA, ESRF and Soleil
• Only vertical plane  
• Precision: x-ray divergence limitation - @ ALBA: 50um!

Example

Beam Imaging Using In-Air X-ray Detectors, F. Ewald (ESRF)
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At ESRF, use them for a number of machine parameters measurements 
(from global coupling correction to momentum compaction factor) 

MOPA17 (L. Torino)A. Franchi, TUODA01, IPAC11



• Introduction 
• Emittance Measurements for SLS:
 Direct Imaging Techniques
 Inverse Space Imaging Techniques 
 Future trends

• Emittance Measurements for FELs:
 Screen Monitors 
 Wire Scanners 

• Summary

Summary of Topical Workshop: 
Emittance Measurements for  Synchrotron Light Sources & FELs

18



ε−meas for SLS: Inverse Space Imaging Techniques

o Based on the analysis of the Coherence of the Synchrotron 
Radiation (SR) after interfering with an obstacle (typical 
example, a double-aperture system) 

o From the coherence size and using the Van Citter-Zernike 
theorem, calculate the electron beam size

1. Visible Synchrotron Radiation Interferometry (SRI) - T. Mitsuhashi, L. Torino (ESRF)
2. X-ray Interferometry - A. Snigirev (IKBF)
3. Diffraction Pattern Analysis - A. Snigirev (IKBF)
4. Heterodyne Near Speckle Fiels (HNSF) - M. Siano (Univ. Milano)
5. Coded-Aperture - J. Flanagan (KEK)Details Next Talk at WEOC02 (J. Flanagan)

Details tomorrow: THOA03 (S. Mazzoni)
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Visible Synchrotron Radiation Interferometry (SRI)
T. Mitsuhashi (KEK) & L. Torino (ESRF) 

Typical Setup:
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Visible SRI - T. Mitsuhashi (KEK)

In actual optical component, for optical components of surface ~λ/10, this error 
corresponds to 0.26μm

Real life: other limits show up
• Turbulence of air in the optical path
• Floor vibration
• Noise in CCD

Precision using SRI -- Error Analysis

Example: 
ATF at KEK
beam size is 4.73μm±0.55μm
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Visible SRI - L. Torino (ESRF)
• Analysis of Light Coherence provides projections in the hor or ver projection: 

o What if the beam is tilted???  Use of Rotating Mask
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Visible SRI – L.  Torino (ESRF)
• Using a rotating mask, we can reconstruct beam profile and decrease 

minimum measurable beam size
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Rotating Mask method used at: 
ALBA: L. Torino and U. Iriso, Phys. Rev. Accel. Beams 19, 122801
Spear-3: C. L. Li, J. Corbett, MOPMR054, IPAC16
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X-ray Interferometry lens arrays – A. Snigirev (IKBP) 



V. Kohn, I. Snigireva, A. Snigirev. Phys. Rev. Let.85, 13, 2745-2748 (2000)

X-ray Diffraction – A. Snigirev (IKBP) 
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 The x-ray optics is a 0.1-mm tungsten foil with six apertures of different sizes to cover all the machine 
requirements:
– Apertures may be put into two function groups.

 Absolute beam size monitor (ABSM): operating in 0.1 – 1 Hz range, different techniques available 
according to beam size ranges: 
– Monochromatic x-ray pinhole camera (15 keV): for 8 – 100+ μm beam size
– Wide-aperture Fresnel diffractometer (8 keV): 4 – 14 μm 
– Young’s double slits interferometer (8 keV): 2 – 6 μm

 Relative beam size monitor (RBSM): obtain beam size information by monitoring x-ray diffraction 
peak intensities, operating at 1 – 10+ Hz:
– Double-slits collimator for horizontal beam size (15 keV): 4 – 100 μm
– Double-slits collimator for vertical beam size (15 keV): 4 – 100 μm
– X-ray beam position monitor (15 keV) for maintaining collimator alignment

Planned X-ray Diagnostics for APSU ε-Meas – B. Yang (APS)
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Planned X-ray Diagnostics for APSU ε-Meas – B. Yang (APS)

X-ray Optics Design – “user-type” instrumentation

Be Window I0 Monitor Detector slits
Si(111) Mono

Si-PIN PD
15-keV Mono

8-keV Mono

Mono Be 
Window

YAG-1 YAG-2

sCMOS-1 sCMOS-2

1.5 M

X-ray Beam

Old Support Column

Power Absorber (>75%)

New Support Column

Water-Cooled 
Pinhole Apertures 

(6.56 m from source)

• Mechanical design include Vibration Control 
to preserve Coherence Preservation 

• Estimated rms vibration ~0.1um 
28
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• Simulation of PSF dominating images  
see PRST-AB, 20, 032802 (2017)

Results for a complete Quad Scan

OTR PSF dominated beam imaging of micron beams with 
submicron resolution,  L.G. Sukhikh

Sim for different NA

• Developed own fit for PSF using 
simulations and numerical analysis

See poster: 
WEPB11 - (L. Sukhikh)
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• For large emission angles                                                 COTR is suppressed strongly and the 
photon yield is caused by OTR process only;

• off-axis light collection geometry can be used for spatial separation of COTR photons in order to 
measure a transverse beam size if                        and

• geometry with off-axis light collection can provide more precise beam profile measurements

5 0 /<e
tθ γ 71 0≥eN

1 / 2( / 2 ) ( lo g N )>e
t t eθ λ π σ

PSF for OTR off-axis lens

Coherent Optical Transition Radiation for measurements 
of the transverse beam size, A. Potylitsyn
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Beam images (σt = 10μ)

Coherent Optical Transition Radiation for measurements of 
the transverse beam size, A. Potylitsyn
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The beam goes through the hole without touching
the screen (non-intercepting)

The visibility of the interference fringes provides 
the transverse beam size  

Optical Diffraction Radiation: 
only screen monitor technique can be non-destructive

Beam Size Using ODR Techniques - E. Chiadroni (INFN)
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But very sensitive technique: the angular distribution of the radiation depends on the 
beam transverse size, angular spread and position inside the slit



Optical Diffraction Radiation Interference (ODRI):

• Suppression of possible SR background
• Avoids mixing the contributions from beam size and angular 

divergence

Beam Size Using ODR Techniques - E. Chiadroni (INFN)

First non-intercepting emittance 
measurement by means of ODRI
New Journal of Physics 16 (2014) 113029

Non-intercepting QP Scan:

Comparison OTR vs ODRI:

• ε=2.3 (0.4) mm*mrad – ODRI 
• ε=2.4 (0.4) mm*mrad – OTR
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Page 36

Beam size measurements using Wire Scanners, K. Wittenburg

.
• Used in Hadron and e-Linacs, but no wire scanners in ring based SR sources
• Typical resolution of better 10 μm is achieved, but for very small beam sizes there is a limit on 

the wire size: diameter + precision.
• Outlook: new approach based on nanofabricated wires

• About 30 different designs of wire supports 
depending on beam parameters

• An X-design (hor + ver in 45deg) reduces the 
number of scanners, but it is sensitive to 
vibrations



NANO-EMITTANCE MEASUREMENTS IN THE SWISS FEL
S. BORRELLI (PSI)

Wire Scanner on a Chip: Fabrication 

• Electron beam lithography on a Cr-Au resist
• Removal of the Cr with plasma so the Au 

layer gets exposed 
• Trenches (1um and 2um) are filled with 

electroplating 
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NANO-EMITTANCE MEASUREMENTS IN THE SWISS FEL
S. BORRELLI (PSI)

Convolution Fit

Wire σy  (nm)
5 μm W 462 ± 11

2 μm Au 491 ± 4

1 μm Au 491 ± 5

Gaussian profile
• Measured profiles

Fitting function

𝑓 𝑦; ∆, 𝛼, 𝜎, 𝛾 𝑡 𝑢  ∆ 𝛼𝑒   𝑑𝑢
Wire shape hyp: Gaussian Beam profile 

Results



Non destructive

Micrometer
resolution

Key turn device
vs. Team to run
and maintain the
scanner

Laser Wire Techniques , P. Karataev (Univ. of London)
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Conclusions for SLS Techniques
• Knowledge of PSF of the measuring system is crucial, and careful 

studies/simulations should be performed l 

• For 3GSLSs, the most used technique is the x-ray pinhole. With a careful 
design, the smallest beam size measurable with this technique is 3um. 

• For 3GSLSs, light Coherence analysis such as SRI using visible light, the 
measuring error can be <1um, but the ultimate resolution is given by 
mechanical limitations

• For future MBA lattices: dedicated beamlines with specific beamline 
instrumentation will be needed to cope with the future machine 
requirements
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Conclusions for FELs Techniques
• Knowledge of PSF of the measuring system is crucial, and careful 

studies/simulations should be performed to understand your system

• OTR and COTR can be combined to reach measuring beam sizes down to 
1um

• ODRI is a non-destructive technique which has been used to measure 
beam sizes down to ~10um, but is sensible to many parameters such as 
beam size and position at the slit

• Future trends of wire scanners are nanometer width wires performed with 
lithography techniques. First measurements of 0.5um beams performed
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Thank you!
…and may be see you in the next ARIES-ADA Workshop… 

“Next Generation of BPM Acquisition and Feedback Systems”
https://indico.cern.ch/event/743699/overview

43



<<
  /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




