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Need for ultra-short bunches
 Ultra-short x-rays in free-electron lasers (FELs)

Visualizing ultra-short electron bunches
IPAC12, New Orleans

t = 0

t = 25 fs

t = 50 fsJ. Hajdu, Uppsala U, 2000

Single molecule imaging with intense 
x-rays BEFORE its destruction

Diffraction before destruction
Chapman et al., Nature, 470, 73 (2011)
Seibert et al., Nature, 470, 78 (2011)

Beam longitudinal phase 

X-ray pulse

Ding et al., PRL, 102, 254801 (2009)
Emma et al., Nature Photon., 4, 641 (2010)

LCLS
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Need for ultra-short bunches
 Plasma wake-field acceleration and high field physics

Blumenfeld et al., Nature, 445, 741 (2007)
Rosenzweig et al., NIM A, 653, 98 (2011)

Energy doubling of a 42 GeV beam

E167

Visualizing ultra-short electron bunches
IPAC12, New Orleans
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Streak camera
Phosphor screen

200 fs resolution achieved 
with Hamamatsu FESCA-200

Temporal resolution 
depends on light generation 

process, light bandwidth, 
optical aberration, sweeping 

voltage, etc.

Visualizing ultra-short electron bunches
IPAC12, New Orleans
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TR

SR



5

Transverse cavity

e−

σz

V(t)

transverse cavity

 Deflecting cavity ~ crab cavity
 Developed at SLAC in 1960’s for particle separation

P. Emma

Visualizing ultra-short electron bunches
IPAC12, New Orleans
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Transverse cavity

e−

σz

V(t)

transverse cavity

 Deflecting cavity ~ crab cavity
 Developed at SLAC in 1960’s for particle separation

P. Emma
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Transverse cavity

e−

σz

V(t)

transverse cavity

σy

RF
‘streak’

Φ ≈ π/2

 Deflecting cavity ~ crab cavity
 Developed at SLAC in 1960’s for particle separation

 Transverse cavity used to measure:
 Absolute bunch length and temporal profile
 Beam arrival time jitter
 Beam slice parameters

P. Emma

Visualizing ultra-short electron bunches
IPAC12, New Orleans
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Measure beam temporal profile

 S-band

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 C-band

 X-band

UCLA NLCTA, SLAC

SACLA

LCLS Tsinghua UniversityFLASH

 L-band Cornell University

SPARC PSI
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Transverse cavity resolution limit

e−

σz

σy0

RF
‘streak’

V(t)

transverse cavity

 Improving resolution:
 Increasing k (increase Vrf or reduce λrf)
 Reduce σ’y (or preferably remove the term σy0)

Visualizing ultra-short electron bunches
IPAC12, New Orleans

σy
off

on

off on

LCLS
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Optical oscilloscope

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Replacing transverse cavity with TEM10 mode laser (÷1000 in λ)

High-gain        
Harmonic Generation

Echo-enabled 
Harmonic Generation

~200 as resolution
Xiang et al., PRL, 105, 114801 (2010)

undulator

x

Andonian et al., PRST-AB, 14, 072802 (2011)

 TCAV for overall bunch shape
 Laser for fine structure
 Sub-femtosecond resolution
 High power CO2 laser
 Proof-of-principle experiment 

being planned in BNL ATF

TCAV

y

e−
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Longitudinal-to-transverse mapping

Visualizing ultra-short electron bunches
IPAC12, New Orleans

e−
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Longitudinal-to-transverse mapping

Visualizing ultra-short electron bunches
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× e−
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Longitudinal-to-transverse mapping

Visualizing ultra-short electron bunches
IPAC12, New Orleans

× e−



14

Longitudinal-to-transverse mapping
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Longitudinal-to-transverse mapping
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Longitudinal-to-transverse mapping
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Longitudinal-to-transverse mapping
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Longitudinal-to-transverse mapping
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Longitudinal-to-transverse mapping

Visualizing ultra-short electron bunches
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Longitudinal-to-transverse mapping

Visualizing ultra-short electron bunches
IPAC12, New Orleans

×

Xiang and Ding, PRST-AB, 13, 094001 (2010)

LCLS over-compression LCLS under-compression

 Z exactly mapped to y;  sub-fs resolution

Xiang and Chao, PRST-AB, 14, 114001 (2011)

×

e−
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Measure beam longitudinal phase space

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 A transverse cavity + an energy spectrometer

C. BehrensLinearized beam longitudinal phase spaces at FLASH

Beam longitudinal phase spaces at LCLS  with a ‘laser heater’ 

Huang et al., PRST-AB, 13, 020703 (2010)

 The transverse accelerating
field in a transverse cavity
increases beam slice energy
spread, as dictated by
Panofsky-Wenzel theorem

 Degrade energy resolution

ω+3 ω
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Measure x-ray pulse shape

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Measuring beam longitudinal phase space after an FEL undulator

Beam longitudinal phase spaces

FEL off FEL on

X-ray pulse shape

 High resolution (1~2 fs)
 Measure both e-beam and x-ray
 Large dynamic range (1~200 fs)
 Applies to any x-ray wavelength
 No interruption with user’s experiments

Ding et al., PRST-AB, 14, 120701 (2011)

First results expected in Spring 2013
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Zero-phasing

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 An accelerator-based streak camera

e−

σz RF structure 

σx

Wang et al., PRE, 57, 2283 (1998)

 Zero-phasing method used to measure:
 Absolute bunch length and temporal profile
 Beam slice parameters
 Beam arrival time jitter

Resolution
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Zero-phasing

Visualizing ultra-short electron bunches
IPAC12, New Orleans

Velocity bunching 
Wang et al., PRE, 54, R3121 (1996)

THz modulation
Shen et al., PRL, 107, 204801 (2011)

off

on

Bunch length
Xiang et al., IPAC10  (2010)

Micro-bunching in magnetic 
bunch compression 

Graves et al., PAC01 (2001)

Shaftan et al., PAC03 (2003)
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Longitudinal-to-energy mapping

Visualizing ultra-short electron bunches
IPAC12, New Orleans

e−

σz
σx

Crosson el al., AIP Conf.  Proc., 367, 397 (1996)
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Longitudinal-to-energy mapping

Visualizing ultra-short electron bunches
IPAC12, New Orleans

e−

σz
σx

Crosson el al., AIP Conf.  Proc., 367, 397 (1996)
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Longitudinal-to-energy mapping

Visualizing ultra-short electron bunches
IPAC12, New Orleans

e−

σz
σx

Crosson el al., AIP Conf.  Proc., 367, 397 (1996)

60 um

Micro-bunches in an FEL oscillator

 Map z exactly to δ; Similar to longitudinal-to-transverse mapping

Ricci and Smith, PRST-AB, 3, 032801 (2000)
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Longitudinal-to-energy mapping

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Measure 1 fs (rms) ultra-short bunch @ LCLS

6 m250 MeV
BC1 BC2

4.3 GeV 10 GeV
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Longitudinal-to-energy mapping

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Measure 1 fs (rms) ultra-short bunch @ LCLS

6 m250 MeV
BC1 BC2

4.3 GeV 10 GeV

Huang et al., PRST-AB, 13, 092801 (2010) Huang et al., PAC11 (2011)

TCAV

L2E mapping

40 pC

z (µm)
0 2.5 5.0-2.5

σz = 2.5 µm σz = 0.27 µm

z (µm)
0 1.2-1.2

10 pC
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Longitudinal-to-energy mapping

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Measure 1 fs (rms) ultra-short bunch @ LCLS

6 m250 MeV
BC1 BC2

4.3 GeV 10 GeV

Huang et al., PRST-AB, 13, 092801 (2010) Huang et al., PAC11 (2011)

TCAV

L2E mapping

40 pC

z (µm)
0 2.5 5.0-2.5

σz = 2.5 µm σz = 0.27 µm

z (µm)
0 1.2-1.2

10 pC
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L2E mapping: old tricks, new games

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Visualizing optical micro-bunches @ SLAC’s NLCTA
800 nm micro-bunches
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L2E mapping: old tricks, new games

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Visualizing optical micro-bunches @ SLAC’s NLCTA
800 nm micro-bunches

∆E = 5 keV ∆E = 12 keV ∆E = 17 keV

bunching
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Xiang et al., PRST-AB, 14, 112801 (2011)

Time-resolved COTR intensity

L2E mapping: old tricks, new games

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Visualizing optical micro-bunches @ SLAC’s NLCTA
800 nm micro-bunches

First results expected in Spring 2013

∆E = 5 keV ∆E = 12 keV ∆E = 17 keV

bunching
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Xiang et al., PRST-AB, 14, 112801 (2011)

Time-resolved COTR intensity

L2E mapping: old tricks, new games

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Visualizing optical micro-bunches @ SLAC’s NLCTA
800 nm micro-bunches

First results expected in Spring 2013

∆E = 5 keV ∆E = 12 keV ∆E = 17 keV

bunching
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Measuring ultra-short bunches
 Time domain
 Streak camera
 RF transverse cavity
 Zero-phasing

 Frequency domain
 Interferometer
 Spectrometer

 Laser based methods
 Electro-optical sampling
 Optical replica synthesizer

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 … …
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Interferometer

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Michelson interferometer  Martin-Puplett interferometer

mirror

OAP

detector

roof mirror

polarizer

detector

OAP

Autocorrelation function

Lai and Sievers, Phys. Rev. E 50, R3342 (1994)

 Temporal profile reconstruction

Kramers-Kronig relation
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Interferometer

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Cost effective
 Can be non-invasive

Xiang el al., Chin. Phy. Lett. 25, 2440 (2008)

Autocorrelation curve

Reconstructed beam profile
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Interferometer

Visualizing ultra-short electron bunches
IPAC12, New Orleans

SLAC
PRL, 73, 967 (1994)

TR

INFN
PRE, 63, 056501 (2001)

DR

ANL
NIM A, 475, 470 (2001)

UCLA
NIM A, 410, 452 (1998)

DR TR

FNAL
PRST-AB, 9, 082801 (2006)

TR

Uni. of Tokyo
NIM A, 410, 424 (1998)

TR

BNL
NIM A, 437, 1 (1999)

TR

DESY
TESLA-FEL 2005-02

SR

Tsinghua University
Chin. Phy. B 20, 074102

TR

SLAC
APL, 99, 141117 (2011)

TR

 Used world-wide to measure short bunch (0.05 ~ 1 ps)
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Interferometer

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Single-shot interferometer

Andonian et al., IPAC10 (2010) Thangaraj et al., Rev. Sci. Instru. 83, 043302 (2012)

Tested in A0 photoinjector @ FNAL
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 Dispersive element + detector array 

Spectrometer

Visualizing ultra-short electron bunches
IPAC12, New Orleans

5 consecutive gratings cover 4~40 um; 2 sets of gratings cover 4 ~ 400 um

Delsim-Hashemi, Ph.D thesis (2008) Wesch et al., NIM  A 665, 40 (2011) Behrens et al., PRST-AB 15, 030707 (2012)

Detector array



41

 Measure ~1.5 fs ultra-short bunch from a LWFA

Spectrometer

Visualizing ultra-short electron bunches
IPAC12, New Orleans

Use a grating and a prism to 
measure CTR spectrum from 

0.5 um to 5.5 um

Lundh et al., Nature Phys, 7, 219 (2011)
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Measuring ultra-short bunches
 Time domain
 Streak camera
 RF transverse cavity
 Zero-phasing

 Frequency domain
 Interferometer
 Spectrometer

 Laser based methods
 Electro-optical sampling
 Optical replica synthesizer

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 … …
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 Electro-optical sampling

Laser based methods

Elliptically 
polarized

Polarization change ~ E E ~ I

Visualizing ultra-short electron bunches
IPAC12, New Orleans

e-

Laser

Multi-shot

PRL, 85, 3404 (2000)

Single-shot

PRL, 88, 124801 (2002)

Temporal decoding

PRL, 93, 114802 (2004) PRL, 94, 114801 (2005)

Measure jitter

EO crystal
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 Resolution

Electro-optical sampling

Visualizing ultra-short electron bunches
IPAC12, New Orleans

Finite opening angle of E-field Frequency response of the crystals

Berden et al., PRL, 99, 164801 (2007)

TCAV

EOS

Benchmarking with TCAV indicates ~50 fs resolution

10 um

100 um
ZnTe GaP

Helle et al., PRST-AB, 15, 052801 (2012)

Bandwidth mixing FROG ~10 fs resolution
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Optical replica synthesizer

Visualizing ultra-short electron bunches
IPAC12, New Orleans

Saldin, Schneidmiller, Yurkov, NIM A, 539, 499 (2005) Salen et al., FEL09 (2009)

FROG trace obtained @ FLASH

Retrieved E-field

 6-D phase space characterization
 Resolution limited by slippage length
 NOT apply to Low and moderate current beam

The field of the radiation is a replica 
of the beam temporal profile

chicane radiatormodulator

e-beam E-modulation I-modulation radiation

e-

laser

 Convert e-beam to coherent light
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Summary

Thank you!

Visualizing ultra-short electron bunches
IPAC12, New Orleans

 Increasing interest in generation of ultra-short e-bunch
 Various techniques are being developed
 Time-domain: transverse cavity, zero-phasing
 Frequency-domain: single-shot interferometer and spectrometer
 Laser based: electro-optical sampling, optical replica synthesizer 

 Measuring e-beam parameters provide more information than 
expected: x-ray temporal profile
 Temporal resolution of ~1 fs has been achieved @ LCLS
 Expect more measurements with sub-fs resolution to come soon



<<
  /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


