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Electron bunch temporal profile diagnostics
with femtosecond resolution

(selective discussion due to time constraints, with
apologies to those whose work has been omitted)



The need for femtosecond longitudinal diagnostics

1. Advanced Light Sources: 4t & 5t generation

Free-Electron Lasers kA peak currents required for collective gain
7= 200fs FWHM, 200pC (<2008, standard) = 10fs FWHM,10pC (increasing interest)
Low-emittance storage rings 7 = 10-200 ps rms, ¢&,= 150-300 pm.rad (MAX-IV, ESRF I)

2. Particle Physics: Linear Colliders (ILC, CLIC) e*-e and others
short bunches, high charge, high quality - for high luminosity

« ~160fs rms, ~1nC  stable, known (smooth?) longitudinal profiles

3. LPWA & variants:
Laser-plasma accelerators produce ultra-short electron bunches!

» 1-6 fs FWHM (and even shorter in principle), ~ 20pC + future FELs

Significant influence on bunch profile from ...
wakefields, space charge, CSR, collective instabilities... machine stability & drift

= must have a single-shot diagnostic



Two distinct classes of diagnostics

Grouped by similar physics and capabilities / limitations

Direct Particle Techniques

p(t) = p(x)
longitudinal — transverse imaging

RF zero-phasing

p(t) = p(y) — p(x)

Transverse Deflecting Cavities

p(t) = p(X) = p(x)

“Radiative” Techniques

p(t) — E(t)
propagating & non-propagating

Spectral domain:

« CTR, CDR, CSR
(spectral characterisation)
Smith-Purcell
Electro-Optic

Time domain:

« CTR, CDR (autocorrelation)
» Optical Replica/Transposition
Electro-Optic



Class 1. Direct Particle Techniques



RF zero-phasing

screen
-_> transverse
initial bunch profile
cavity: beam optics:
z-dependent accel/deceleration energy dispersion

* Introduce energy chirp to beam via “linear” near-zero crossover of RF
* Measure energy spread with downstream spectrometer = infer initial

: : bunch profile
time resolution dependent on: P

 gradient of energy gain
« dispersion of spectrometer (needs to be high!)
* initial energy spread (needs to be low!)

initial y—z correlation ?

Disadvantage - destructive to electron beam



RF zero-phasing examples

DUV-FEL: at 75 MeV
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W. Graves et al., PAC 2001, Chicago, 2224

SLAC LCLS: at 4.7 GeV

« 550m of linac at RF zero crossing!
« 6m dispersion on A-line spectrometer
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SLAC LCLS X-band Transverse Deflecting Cavity
(XTCAV)

LCLS XTCAV
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Transverse Deflecting Structures

S-band (2856 MHz) RF

* Well-established technique at N\ steak o INk-o
-7 U

SLAC to measure bunch length :?’ O‘)Bﬁ%‘)‘)‘) ————————

* Uses a time-varying transverse

beam screen

electric field to “streak” the beam across a monitor screen
* 3 m-long S-band 2856 MHz (‘LOLA’)structures built in the 1960’s

* Installed in the LCLS linac, but are invasive to operation for photon users

Diagnostic capabilities linked to beam optics

Disadvantage - destructive to electron beam

RF Input i
Coupler

i
I
I
7

Irises with
mode-locking
holes

l/i\\\ﬂl
GQWI
]G‘-'[‘
Za i i\
N1

[

Ll
I
I
=
i
I
:

from 1960’s



Transverse Deflector Cavity (TDC)

RFCavly  soeen ‘streak’ \
—————————— e
V,>20 MV =20
fap = 2856 MHz P A
Ei=13.6 GeV
kopeV, :
ev, .
o =0,,+p5, SO'ZZ( R;j - smchos¢j

“* Map time axis on to transverse coordinate
“ Simple calibration by scan of cavity phase
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TDC @ LCLS, FLASH & SPARC

low-energy TW RF deflector @ LCLS TW RF deflector @ FLASH




LCLS: Horizontal XTCAV plus Vertical Spectrometer

Vert|ca| X_ray
Horizontal Dipole
‘streak’
‘. N

FEL Undulator

Screen

RF Deflector

Imaging the temporal profile of the
electron beam by horizontally
streaking with an RF deflecting
cavity and measuring the time-
dependent energy via a vertical
spectrometer.

|
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FEL energy spectrum at 4.7GeV, 150pC
Three images at the electron dump spectrometer screen

Profile Mopitor OTRS:DMFP 1:695 23-Jul-2013 22:17:13 Profile Monitor OTRS:DMP 1:695 23—Jul-2013 22:58:13

Time
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XTCAYV On
XTCAV XTCAV On FEL On
Off FEL Suppressed ~1mJ FEL pulse energy
(baseline)

Transfer of energy to photons causes

electron energy loss and spread
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3 new important features:

Operates at 11.424 GHz

—> 8 times better temporal resolution
— 4 from shorter A and 2 from V gradient

— allows measurement of slice emittance

Located downstream of the undulator

—> cannot interfere with photon

operation
— Continuous non-invasive operation

— Every shot analyzed at 120 Hz

Reconstructs temporal profile of x-ray

beam from e-loss profile of electrons

20 consecutive shots (1keV, 150pC)
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Demonstrated resolution of 0.8 £ 0.2 fs
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Evolution of SASE along the FEL Power Gain Curve
at 4.7GeV, 150pC (1keV)
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Direct Observation of
Microbunching Instability with XTCAV

Profile Monitor OTRS:DMP 1:695 23-Jul-2013 22:17:15

Profile Monitor OTRS:DMP1:695 24—Jul-2013 00:01:00
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Class 2. “Radiative” Techniques



“Radiative” Techniques

General Methodology: Cause bunch to radiate coherently

e emission response
p(t, Q’,’O) — Liyad (t* LU{]) o phase matching

"Propagate’ to « Dispersion

observation —/ ELa(t. @) * Attenuation

position - Diffraction...
|Erad(wv :E) |2

* detector response
* missing phase
information *

Measure spectrum, g2 (¢ z)

intensity time profile o a(t, )

Infer charge density

Techniques & limitations:

CSR/CTR: propagation effects; detector response; missing phase
CDR: as for CSR/CTR; plus emission response
Optical Replica: emission response (? radiating undulator)

Electro-Optic: detector response



Common Problem - Field at Source

Field radiated or probed is related to Coulomb field near the electron bunch

VI e~
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200fs separation, y=1000
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High v is an advantage!

Time response & spectrum of field is dependent on spatial position, r:

ot ~ 2r/cy
—> ultrafast time resolution needs close proximity to bunch

(N.B. equally true of CTR, CDR, Smith-Purcell, Electro-Optic, etc.)



Spectral domain radiative techniques

Radiation emitted in forward/backward cones ( not TEM,! )

bunch Coherent Transition Radiation (CTR)
| , Bunch field sets up currents which re-radiate
"""""" %’ Can think of as a reflection of the Coulomb field
“destructive”

Coherent Diffraction Radiation (CDR)

7 Similar to CTR but with a hole in angled screen

............. o T & Can lose shorter wavelengths

24 Also Smith-Purcell radiation (SP) similar, but

extra complication due to interference

I
| Coherent Synchrotron Radiation (CSR)
""""""""" - .. or “edge” version, CER

T O Need to divert the beam!

Bunch form factor —> FQ) = |ff°mf(z)e_i¥ dz|2 —> mid-IR to far-IR spectrum (wide)
Usually only spectrum measured, but temporal measurements also possible (EO) ...

no direct detectors are fast enough!



Good example: single-shot CTR spectrometer at DESY FLASH '&"

DUNDEE

cascaded dispersive grating elements, and pyroelectric detector arrays
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Deflecting cavity bunch profiles

E. Hass et al., Proc. SPIE 8778, May 2013
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Similar concepts applied at HZDR ELBE facility (O. Zarini et al, LASNET workshop,
Dresden, April 2014) and at SLAC LCLS (T. J. Maxwell et al, PRL 111, 184801, 2013)



Concept of Electro-Optic profile diagnostic

Principle: Convert Coulomb field of e-bunch into an optical intensity variation

Encode: Coulomb field on to an optical probe pulse - from Ti:Sa or fibre laser

electron bunch V=_C
‘ ’ Decode: temporal intensity

variations in single laser pulse

propagating
electric field via single-shot cross correlation
— (THz) in a BBO crystal

1

chirped :[L laser probe

i

Yields: temporal intensity
variations in a single laser pulse

stretched

polariser

crystal




Range of Electro-Optic Techniques

Spectral Decoding

GaP or

grating
ZnTe : B_
B\ 0 /Q'
p IO e &

'

complexity / cost
Chirped optical input
Spectral readout
Use time-wavelength relationship

demonstrated
time resolution

Ultrashort optical input
Spatial readout (EO crystal)
Use time-space relationship

Long pulse + ultrashort pulse gate
Spatial readout (cross-correlator crystal)
Use time-space relationship

New Technique:

Spectral Upconversion / EO Transposition

Simplified laser systems
Quasi-monochromatic optical input (long pulse)
Spectral readout

0O O O O

Uses FROG-related techniques to recover bunch info



Single-shot Temporal Decoding (EOTD)

( currently gives best EO time resolution, circa 80 fs )

(SHG) Temporal profile
of probe pulse

ll‘ fxed !
optical .3

stretcher

fs laser

—> Spatial image
of SHG pulse

hin EO crystal (ZnTe or GaP) produces a optical temporakreplica of Coulomb field

Measure optical replica with t-x mapping in 2" Harmonic Generation (SHG)

Stretched laser pulse leaving EO crystal measured using original short pulse
via single-shot cross correlation in BBO crystal

Large (~1mJ) laser pulse energy required ( via Ti:Sa amplifier, for example )



Fundamental Problem: Encoding Time Resolution
material frequency response, R(w), of typical GaP crystal

1. velocity mismatch of Coulomb field and probe laser
2. frequency mixing efficiency, ¥?(m)
1.2 Period ' 1
1 ps 500fs 200 fs 100 fs 70|fs
[ ] | | |
o 1 >
©
2 30THz &
5 beyond
Fos) GaP 1} >
-% 0.6}
| e | ideally we would like !
0 ) h ﬂ&é
0 5 10 15

Frequency [THz]

May be soluble by:
1. Organic crystals (e.g. DAST, DSTMS, OH1) or poled polymeric materials
2. Artificially-created “metamaterials” under development at University of Dundee

- termed “silver-glass nanocomposites”



EO Transposition

A more rigorous description of the EO effect is nonlinear frequency mixing

Frequency Domain

Time Domain

—> sum & difference frequencies between laser & THz generated within crystal

B2 (w) = B (W) + iwa B (w) * [ B (w)R(w)]

out in in

Coulomb field Optical field EOT spectrum

few mm ~820nm

/ tens uym

circa 20nm
4_

Intensity

Intensity
Intensity

s 1

820nm \Y

, , d
0O opt Ce O
Egie(t) = BV (8) + a [EC(t) + R(1)] T ()
\ Y ) \ Y J S. P. Jamison et al. Opt. Lett. 31 1753 (2006)
envelope optical field
Coulomb field Optical field EOT pulse
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EO Transposition System (2014-15)

D.A. Walsh et al., App. Phys. Lett. 106, (2015)
Generation ﬁ

f Coulomb field

i

~800nm

5ns 1000x Amplification Measurement
1mJ (by NCOPCPA)
D \\ R
Nanosecond 51302r:Jm &%A |p ate L Stretcher BBO \B;'am Compressor
Laser System  10ns polaniser Beam dump GRENOUILLE
dump (FROG)
Q
Q (%} >
J & > > 3|
= S > 2 & & Pulse
£ | & & & & S Evolution
8 | O Q@Q & @ &
5 ¢ € | __ G X
time
1. Nanosecond laser-derived single-frequency probe brings reliability
2.  “Electro-Optic Transposition” of probe encodes temporal profile
3. Non-collinear optical parametric chirped pulse amplification (NCOPCPA) amplifies signal
4. Full spectral amplitude and phase measured via FROG technique
d. Coulomb field, and hence bunch profile, calculated via time-reversed propagation of pulse



Characterisation of Transposed Pulse

Considerations:

Needs to be single shot, unambiguous, and for low pulse energy

Solution: Grenouille (frequency resolved optical gating), a Standard and robust optical diagnostic

Retrieves spectral intensity and phase from spectrally resolved autocorrelation

What we

_ i(@ot-¢ (1)
wantto— E(t) = Re (\/I(_t)%

“Carrier” frequency

2

I(w, t) x jE(t) E(t — T)e '@tqt

\

Time Domain Frequency Domain

Experimental
. =

-
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0.5 F

Wavelength [pum]
Intensity

0.0
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Time [fs]

Baltuska, Pshenichnikov, and Weirsma, J. Quant. Electron., 35, 459 (1999).

<-Fourier->

Can’t measure

(=]
Phase

E(@:We—iqo(w)

Spectrum Spectral Phase

Can be retrieved!
| | ol E(t-1)

Second-harmonic-
neration ] /
generation crystal J

Eu Spectrometer ‘
.II
TCrystal must

be very thin -~ >

\ Variable E®

Cylindrical
lens - crystal

Most sensitive “auto gating” measurement
Self-gating avoids timing issues (no need

for a femtosecond laser)

Requires minimum pulse energy of ~1 uJ



FROG Measurement

Experimental Recovered
Spectrogram Spectrogram
>
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c
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30x software averaging

0.55 ps pulse measured with a 10 ps transform limited probe!



Summary of ultra-short bunch techniques

 Transverse deflection cavity / zero crossing

» <5 fs resolution capability, in principle
« large infrastructure for high energies
* destructive techniques, in general

» Radiative spectral techniques

» demonstrated with extreme broadband & single-shot capability
« empirical tune-up, stabilisation problems

* Electro-optic upconversion / transposition

« converts extreme broadband signal into manageable optical signal
« partially limited by materials and optical characterisation

« solution in alternative materials (?) and in FROG-like techniques

» non-destructive and compact techniques (can be retro-fitted)

 can approach 1-10 fs capability in principle
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Kramers-Kronig Phase Reconstruction

~ ,, Transfer function must be known
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can influence results / Solution for phase\
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| g Spectral Decoding (EOSD)
o [ SR vy - |

Attractive simplicity for low time resolution
______________ %----------- measurements e.g. injector diagnostics
I

Rely on t-A relationship of input pulse for interpreting output optical spectrum.

Resolution limits come from the fact that the EO-generated optical field doesn't have
the same t-A relationship

temporal resolution limits:

EOSD limited by chirp

5 T ! .
| T QF.Q.S.S?Q..P?'@F'??F.%'9.')_?*_'.,_,__ Can relate to FWHM durations...
GaP crystal : § §
'a. 4 .. }..... th|ckness|'n”n'1 ................ ................ . ................ ‘. ............. - - ‘
& 35 B : Tl'”“ - 127;-\3
z .
: ol
N E Tl = 2.61/ToT,  ; for a Gaussian pulse
— 2}
©
5 1.5} ,
291 Conclusion:
0.5} : : 5 _; Unlikely to get better than 1.0 ps
0 i 5 5 5 i (FWHM) with Spectral Decoding
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Coulomb field FWHM [ps]




General status of electro-optic systems

Many demonstrations...

Accelerator Bunch profile - FLASH, FELIX, SLAC, SLS, ALICE, FERMI ....
|aser Wakefield experiments - CLF, MPQ, Jena, Berkley, ...
Emitted EM (CSR, CTR, FEL) - FLASH, FELIX, SLS, ...

- : Laser Wakefield
Temporal Decoding @FLASH CSR @FELIX Mid-IRFEL lasing @FELIX & M-P Garching
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Few facility implementations: remaining as experimental / demonstration systems

« Complex & temperamental laser systems

* Time resolution “stalled” at ~100fs

Phys Rev Lett 99 164801 (2007)
Phys. Rev. ST 12 032802 (2009)



Spectral Compositing of Multiple Crystals

Use GaP

or znTe | Use GaP Use ZnTe (10 um thicknesses)

Phasematching not the whole story

-
N

— Dips caused by absorption near
phonons

Ef
ZnTe Efficiency
GaP Efficiency

1.0

— Phase distortions near absorptions
become very large

0.8 1

0.6

— Distortions in ¥® near absorptions
0.4

0.2 1

Discard data around the
absorption lines

0.0

Normalised |E-field| or Efficiency

0 5 1Io 1I5 2Io 25
Frequency (THz)

Fill in the blanks with different 6

crystals 41 (L
2_

ZnTe Induced Phase
GaP Induced Phase

In theory seems sound.
Not yet demonstrated.

Additional Phase (radians)

0 5 1Io 1I5 2Io 25
Frequency (THz)



EO Temporal Resolution Limitations

EO transposition scheme is now limited by materials

Phase matching and absorption bands in ZnTe & GaP

Other materials are of interest, such as DAST or poled polymers, but there are questions over
their lifetime in accelerator environments

Collaborative effort with MAPS group at the University of Dundee on
development of novel EO materials

Potential to produce a significant enhancement of nonlinear processes through embedded
metallic nanoparticles

THz field induced second harmonic TFISH enhancement being investigated.
Surface nonlinear effects ...

A key property of the EO Transposition scheme may be exploited

FROG (Grenouille) retrieves the spectral amplitude and phase

At frequencies away from absorptions etc. the spectrum should still be faithfully retrieved

Potential to run two, “tried and tested”, crystals with complementary response functions side by
side to record FULL spectral information!



Transposed Pulse Measurements

Input pulses

Optical probe length At~ 10 ps
Optical probe energy S ~ 28 nJ

THz field strength E ~132kV/m

Spectral Measurement
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New THz Measurement Scheme
(an absolute phase FROG!)

e Thisis a FROG where both SFG and DFG mechanisms

are present and spectrally overlap.
* A FROG algorithm was modified to account for this.
* Essentially, the interference pattern between SFG and
‘ ‘ ‘ ‘ ‘ DFG in the trace reveals the absolute phase.

Intensity

796 798 800 802 804 806

Experiment

‘True’ field, i
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Frequency / THz

Delay (60 ps window)
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This looks like a spectrogram!

Theory extended to optical pulses and is being
published (arXiv:1501.04864 [physics.optics])





<<
  /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


