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• Spatial and spectral encoding methods  
• Has been tried or used at most FEL facilities (FLASH, SACLA, LCLS) 
• Fairly simple setup using a chirped optical beam and crystal that changes transmission properties due to x-ray pulse. 
• Measures arrival time with published accuracy of down to 6fs RMS (M. Harmand et. al., Nature Phot. 7, 215 (2013)) 
• Unique schemes have recently gone down to fs-level with soft x-rays (N. Hartmann et. al., Nature Phot. 8, DOI: 10.1038/NPHOTON.2014.164 ) 
• Loses accuracy with lower light intensities, can act as a strong attenuator at lower photon energies 
• Can not (thus far) measure pulse length 
  

• Electron deflecting cavities 
• In use at LCLS as the XTCav (C. Behrens et. al., Nature Comm. 5, 3762 (2014)) 
• Looks at energy loss of electron bunch behind the last bending magnet to measure the photon pulse properties. 
• Has a few fs resolution for pulse length and can show which part of the bunch lased 
• Cannot measure arrival time accuracy relative to laser 
• Does not measure the X-ray beam itself, sees no effect from optics, monochromators, etc 
• Completely parasitic, doesn’t disturb the beam at all if situated behind the last undulator 

 
• THz streak camera 
• Has been tested at FLASH (U. Fruehling et. al., Nature Phot. 3, 523 (2009), I. Grguras et. al., Nature Phot. 6, 276 (2021) ) 
• Has been used for attosecond measurement of laser pulse lengths (M. Hentschel etl. al., Nature 414, 509 (2001))  
• Can measure both arrival time and pulse length 
• Almost transparent to the FEL beam—hardly any attenuation 

Temporal diagnostics for FEL light: a brief overview 
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IR Beam/THz Field 

THz Streak Camera Theory 

• Use a THz streak camera concept to measure the arrival time and length of the photon pulse. 
 
 

X-ray Beam 

Atom 

Electron 

KEelectron = Ephoton – Binding Energy  

Electrons 

W 

electron TOF 
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THz Streak Camera Theory 

To derive the expression for W, start off with the final velocity of the just-photoionized electron in the THz electric 
field: 
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Arrival Time Determination 

XUV Pulse 1: 

time 

W
 

W1 

XUV Pulse @ T1 

THz Pulse 

W2 

XUV Pulse @ T2 

XUV Pulse 2: 

time 

THz Pulse 

W
 

W2-W1  T2-T1 
Concept works best along a linear slope 



Challenges: 
1. Small photoionization cross sections for gases at high photon energies. 

 
2. Photon energy jitter of the FEL beam can be interpreted as a difference in arrival time. 

 
3. Laser intensity jitter can affect the THz pulse, causing misreadings. 

 
4. Finding temporal overlap. 

 
Solutions: 
1. Use a pulsed gas jet to create a dense “bullet” of Xe gas for better signal.  The Xe gas also clusters, 

making larger targets for the X-ray pulse to interact with (hundreds-thousand Xe atoms per cluster). 
 

2. Use two e-TOFs to look at the same photoionization process from opposite directions to eliminate the 
photon energy jitter contribution—look at only the streak as a difference from the mean. 
 

3. Measure laser intensity on a shot-to-shot basis and correct your data accordingly. 
 

4. Use a balanced diode to find ps-level overlap between THz and IR beams, then diode to find ps-level 
overlap between IR and X-ray.  Scan with the stage to find the final overlap with the e-TOFs. 

 
 

Setup: Experimental challenges and solutions 
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Prototype PALM Setup 
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X-Ray 

Diode chamber upstream 



THz Setup: 
• Laser: 800 nm, ~7 mJ input power, 3-5% intensity 

jitter 
• Online monitoring of laser power shot-to-shot 
• LiNbO3 generation for THz pulse 
• Pulse frequency about 0.52 THz 
• Measured THz field in interaction region of about 

50 kV/cm 
• No air conditioning in hutch 

 
 
 
 
 
 
 
 
 

FEL Parameters: 
• Pulse  energies between 120-250 J 
• Used 5 keV, 6 keV, 7 keV, 8 keV, 9, keV, 10 keV, 

and 12.6 keV photon energies 
• Measured with and without the monochromator at 

most photon energies 
• Tested device with a 0.2 mm Si attenuator at 10 

keV 
 

THz setup and FEL beam parameters 
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It all worked great! 



Xe 

THz Streaking up to 12.6 keV Photon Energy @ SACLA 
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Gas Jet Gas Jet

Thz 
e-TOFs e-TOFs

FE
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time 
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We get rid of the error due to the photon energy jitter by 
taking the difference between the two sets of signals.  The 
vertical bars show the RMS distribution of peak positions at 
each time step. 

1 2 Photon energy jitter 
correction 

180 eV 

800 fs 

The analysis of the difference of the spectra yield the 
accuracy of the streak measurement (when convoluted 
with the eTOF resolution) 
E-TOF Mean Peak Energy Accuracy: 0.5-1.2 eV RMS 
Streak Slope: 0.15-0.35 ev/fs (h  dependent) 
FEL vs Laser Jitter: 100-150 fs RMS 

1 

2 

Streak scan for the Xe 2p3/2 electrons at a photon energy 
of 10 keV.  100 spectra were taken at each time step. 

Results: Measurement Features 



Photon energy jitter correction for streak scan 
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Before correction After correction 

10 keV, pink 

8 keV, pink 



Relative arrival time determination 
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Find mean peak energy of streaked electrons, match it against the THz delay scan for arrival time! 

10 keV pink beam 

Relative Arrival Time (fs) 
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FEL vs. Laser Relative Arrival Time Jitter 
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Matches other SACLA measurements quite well! 

Accuracy is a combination of the e-TOF mean energy measurement jitter and steepness 
of the THz streaking slope. 
 
The e-TOFs had to be set differently at every photon energy, which causes some 
variations in accuracy even for similar slopes.  Practice will make it more consistent. 

 



Pulse Length and Chirp Determination 
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V 
eV 

non-streaked streaked 

σ0 σT 

Total streaked 
peak width 

“Natural” peak 
width 

Pulse 
length 

Slope Photon energy 
chirp 

Depends on 
orientation of 
eTOF (i=1,2) 

Define: 



Etof time-to-energy and σ0 calibration (7 kev with mono) 
  

26.08.2014 Seite 16 PSI 

KE=A/(t-B)2+C 

Retarded KE (eV) 

σ 0
 (e

v)
 

Fitted to a third order polynomial to 
estimate the non-measured points along 
the curve. 
 
The bars are the measured spectral width 
jitter for about 200 shots.  They are larger 
for the pink beam. 

Measurement Region 



Pulse length was evaluated only for points at the best slope, to increase our accuracy. 
 
Typically used 600-1500 points out of 10,000 that were taken for every setup for pulse length evaluation. 
 
Had to use average σ0 from our calibration scans—no eTOF without streaking effect! 
 
Put all the measured variables into the formula and get a pulse length! 

Preliminary pulse length determination 
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Preliminary pulse length estimates 
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Drifts in the FEL spectral width can cause a systematic error, giving pulse lengths that are too long or 
too short—need a third e-TOF to compensate for those! 
 
Jitters in the FEL spectral width are the main source of error for the pulse length estimate.  A third e-
TOF would compensate for these as well. 
 
The mono measurements are more accurate due to the stability of the spectral width, but the mono 
may contribute to the pulse length! 
 
Note that these values differ from those evaluated by the SACLA (< 10 fs FWHM), provided in Dr. 
Inagaki's talk on Tuesday, 26.8.2014. 



Monochromator Effect: Theory 
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Pulse in 
Pulse out 

Energy RMS in RMS out 

7 keV 17.1 fs 19.8 fs 

8 keV 17.1 fs 23 fs 

9 keV 17.1 fs 24 fs 

7 keV 35 fs 35.2 fs 

Jakub Szlachetko at PSI modeled the pulse duration change for a Si 111 DCM for various 
photon energies.  The table above shows that there is not a significant increase in pulse length 
due to the monochromator for pulse lengths that are already long. 
 
We’ll keep on investigating to understand all the effects fully. 



1. Time-to-energy eTOF calibration—about 0.2% uncertainty. 
 

2. “Natural” spectral width drift: typically about 1 eV or less, contributing 5-9 fs in quadrature (depending 
on the photon energy).  Problem with short pulse lengths, since a smaller spectral width and a small 
pulse length may give you a number smaller than the measured ‘natural’ width.  
 

3. Spectral width (bandwidth) jitter: the spectral width jitters shot to shot, and affects the standard 
deviation of our pulse length measurement.    Biggest contributor to error, can be corrected by 
measuring non-streaked FEL beam every shot with another e-TOF or spectrometer. 
 

4. Laser pulse energy jitter: measured every shot and accounted for in our analysis. 
 

5. Coulomb Repulsion: can happen during flight of electrons through e-TOF.  We modeled the effect in 
SimION and saw only 1% level increase in measured spectral width due to the effect.  Negligible. 
 

6. Space Charge Effects: can happen in the interaction region and is dependent on beam intensity.  Saw 
no significant difference between data with and without mono, so it seems negligible—it should play only 
a small role for higher-energy electrons. 
 

7. Gouy Phase Shift: accounted for (see next slide). 
 

Some Uncertainties in Pulse Length Analysis 
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Gas jet 
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Gouy phase shift effect 

FEL 
THz 

R
G z

z1
tan

Gouy phase shift 

Rz Rayleigh length=40 mm 
0 z z2 z1 

Gouy phase shift along the interaction region of 1.2 mm: radzz GG 024.0)()( 21

Gouy phase shift in arctan function 

Plots are in actual scale: Insignificant effect both on the arrival time and the slope 



• Successful beamtime: measured the arrival time quite well, pulse length measurement done as well. 
 

• Robust system: no major problems during the 3.5-day beamtime.  The device ran non-stop, very 
reliably. 
 

• Good arrival time accuracy: our estimated arrival time accuracy for hard x-rays is as good or better as 
any reported FEL thus far.  Much happiness. 
 

• Improvement 1: THz generation and smoothing of the field to get better streaking effect. 
 

• Improvement 2: Make the set-up work on-line and single-shot by adding another e-TOF that just looks at 
the raw beam with no THz field.  That will give us a correct σ0 for every shot. 
 

• Improvement 3: Nitrogen/dry air box for the THz generation area to ensure environmental stability. 
 

• Future Plans: ideally, a beamtime with a TDC, PALM, and the Spike-width measurement method in 
tandem.  We are already preparing for another SACLA run with an upgraded PALM, with cross-checks 
from other SACLA diagnostic devices. 
 

Summary and Outlook 
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Future PALM for ultra-short pulses? 
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a) Beam position
near maximum vector potential

b) Beam position
near zero crossing



Acknowledgments: Institutions 

26.08.2014 Seite 24 



26. August 2014 26. August 2014 PSI, Seite 25 

Many thanks to: 
Volker Schlott, Rasmus Ischebeck, Jakub Szlachetko, Nick Schlumpf, Luc Patthey, Patrick Pollet, Elke 
Zimoch, Dirk Zimoch, Sven Reiche, Peter Peier, Ishkhan Gorgisyan, Beat Rippstein, Peter Wiegand, 
Peter Heimgartner, Chris Milne, Leonardo Sala, Timo Korhonen, Claude Pradervand, Peter Fischer, 
Peter Ming, Lothar Schulz, Gaiffi Nazareno, Peter Huber, Rafael Abela, Helge Brands, Christian David, 
Petri Karvinen, Aldo Mozzanica, Dennis Armstrong, Adrian Cavalieri, Milan Radovic, Franziska Frei, 
Christoph Hauri, the great nation of Japan, and many, many more. 



<<
  /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


