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Beam-driven plasma wakefield acceleration (PWFA)

Witness (electron beam)

Basic principle Driver (particle beam)

Relativistic driver enters plasma Before
interaction

T
\’

Pushes plasma electrons away due to space

charge .

Plasma reaction
o, ~ A, plasma electrons oscillate around to beam ; \
immobile ions Plasma cavity . ? Plasma

Ay (~um - mm) electrons

Trailing witness accelerated in wakefields

Wakefield

distribution

PWFA features

— Very high fields achievable (~50 GV/m demonstrated)

— Wakefields have strong transverse components - focusing & defocusing
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High Transformer Ratio (HTR) wakefields

Plasma wakefield ~ transformer - Energy-transfer from
driver to witness

Fundamental theorem of beamloading: R = E_ /E . <2
(symmetrical driver, linear theory)

High R enables high energy gain or high efficiency
Several asymmetrical bunch shapes proposed

> R <21 Ly /A

plasma

HTR in PWFA

Apiasma S MM > ps-scale bunch shaping
Driver length = several periods of wake - instability

— operation in (quasi-) nonlinear regime: ny;,cp, > Nyjasma
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Shaping of picosecond electron bunches

Several schemes for shaping high
brightness electron bunches

demonstrated
D. C. Nguyen et al., Phys. Rev. A 375, pp. 597-601 (1996)

Masking in dispersive section P. Muggli et al., Phys. Rev. Lett. 101, 054801 (2008)
Nonlinear chromatic shaping with R. J. England et al., Phys. Rev. ST Accel. Beams 8, 012801 (2008)
sextupoles R. J. England et al., Phys. Rev. Lett. 100, 214802 (2008)
Dual frequency linac bunch Shaping P. Piot et al., Phys. Rev. Lett. 108, 034801 (2012)
Shaping by self-wakefields G. Andonian et al., Phys. Rev. Lett. 118, 054802 (2017)
Transverse-to-longitudinal emittance P. Piot et al., Phys. Rev. ST Accel. Beams 14, 022801 (2011)
exchange (EEX) G. Ha et al., Phys. Rev. Lett. 118, 104801 (2018)

Methods exhibit drawbacks

Additional beamline elements required M. Boscolo et al., NIM A 577, pp. 409-416 (2007)

G. Penco et al., Phys. Rev. Lett. 112, 044801 (2014)
Some lead to large charge loss F. Lemery et al., Phys. Rev. ST Accel. Beams 18, 081301 (2015)
Some introduce distortions to transverse - Photocathode laser based bunch shaping

phase space employed at PITZ
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Status of HTR wakefield acceleration

Enhanced and high transformer ratios first observed at
Argonne National Laboratory
Dielectric structure based wakefield
Ramped bunch train by stacking of UV laser pulses
TR of 3.4 achieved
HTR with shaped bunches also observed at ANL
Dielectric structure based wakefield

Triangular bunch shaping by transverse-longitudinal EEX

TR of up to ~5 achieved
Current other projects on HTR PWFA

SPARC @ INFN: ramped bunch train by pulse-stacking
ANL: EEX-shaped triangular bunches

FLASHForward: dual frequency shaped triangular bunches
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C. Jing et al., Phys. Rev. Lett. 98, 144801 (2007)
C. Jing et al., Phys. Rev. ST Accel. Beams 14, 021302 (2011)

Q. Gao et al.,, Phys. Rev. Lett. 120, 114801 (2018)

E. Chiadroni et al., NIM A 865, pp. 139-143 (2017)
R. J. Roussel, Poster @IPAC2019, THPGWO088
A. Aschikhin et al., NIM A 806, pp. 175-183 (2016)
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Photo-Injector Test facility at DESY in Zeuthen (PITZ)

Experimental environment

GUN LEDA CDS

» Test stand for photo electron guns of FLASH
and European XFEL

< 25 MeV bunch energy
High brightness
Bunch charges 1 pC - 4000 pC

vV v.vY

Various diagnostics

» Emittance
» Longitudinal profile (TDS)

» Longitudinal phase space, ...

» Flexible electron bunch shapes
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PITZ plasma cells

Lithium heat pipe oven and Argon gas discharge

Electron window

Lithium vapor

Electron

window e
lonization

Laser window

lonization
Laser
Buffer gas

Cross-shaped metal vapour oven
Side ionisation with UV-laser
Max. design plasma density 10'5 cm-3

Longitudinal profile shaping of plasma density possible

vV v v v Vv

Gas-vacuum separation with ym-thin polymer windows

O. Lishilin et al., NIM A 829, pp. 37-42 (2016)

DESY. | HTR PWFA @ PITZ | Gregor Loisch | 10th IPAC, Melbourne 22.05.2019 |

I Electron beam window D Metal vacuum tube

I Discharge electrode & Coaxial HV cable

@ {%i} @ D PEEK insulator flange wwwm Threaded metal rod

i

Gas discharge in ~1 mbar Argon
10 mm diameter, ~100 mm plasma column length
2 us, ~300 A peak current pulses

pm-thin polymer electron beam windows

vV V. v v Vv

Densities <10'3 cm3 up to 3x10'¢ cm-3

G. Loisch et al., J. Appl. Phys. 125, 063301 (2019)
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Production of HTR-capable bunches

Gaussia,
Nput pyjge

Photocathode laser-based bunch shaping

temperature

controlled

» Bunch shaping by photocathode laser
pulse shaping

prariz‘gr

» Shaping by adding 14 Gaussian quasi- e - ™ : birefringent ,
T - 77 WillKIeszpucsExpress 4 x o Crystal #1 D0|ar|zgr
pulses (“Solc fan filter”) "\ 1o (200, sazzerasas . #2
» Originally used for flattop bunches
Laser pulse simulation Bunch measurement

Powerful but complicated tuning 4
_ [ -§-05
Witness bunch by splitting pulse 0 2
c .
upstream of pulse shaper £ 3/ M ; ‘ : e
8, [ W\ 10 5 20 25
. ! ““ “ ‘ \~ ) | Bunch time [ ps]
» Efficient way of bunch shaping 2 | U > Te
g I Y 9 é 40 ~
£ ,l \\ - y .
| AV S AN s% / - ,
] - NA LI ¥ X s N - \ S &
5 0 5 10 15 20 25 @ ° 5 10 5 2 2

pulse time [ps] Bunch time [ ps]

G. Loisch et al., NIM A 909, pp. 107-110 (2018)
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Self-Modulation
Instability



Self-modulation instability (SMI) SMI principle

Instability physics

Transverse modulation of long bunches (L,y,cn > Ajasma)

Initiated by inhomogeneities in focusing forces

Proposed to provide proton driver trains for PWFA

(AWAKE@CERN)

R. Assmann et al., Plasma Phys. Contr. Fusion 56, 084013 (2014)

vvvvvvvvvvvvvvvvv

0.2 i (a) 2= 67.6 mm

0= p-i&éﬁ% 1

Proof-of-principle experiments
0.2

02 - 10:;
Modulate flat-top electron bunches : ;rﬂ\ //v'\ Mﬂ’\ﬂ 10%
)

02 |

Self-modulation at PITZ

y [mm]

Investigate dynamics of instability, test theory models

y [mm]

-2 0
€ [mm]
DESY. | HTR PWFA @ PITZ | Gregor Loisch | 10th IPAC, Melbourne 22.05.2019 | M. Gross et al., NIM A 740, pp. 74-80 (2018)
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PITZ SMI experiments

B plasma off e

X_-z 2 1200
projection
Flat-top electron bunches ’ :
~1 nC bunch charge :
Interaction with Lithium plasma
P Longitudinal : -
22.8
Use rf-deflector to measure phase space " Ll
time resolved transverse w224
profile and energy 3222
o 22 -
Clear modulation visible 218 o E
, . See also alo .
Simulations show Posters on Thu 0 20 10 0
exponential growth of by O. Lishilin el
instability THPGW016 &
THPGWO017

Also used for density
measurements

G. Loisch et al., Plasma Phys. Contr. Fusion 61, 045012 (2019)
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M. Gross et al., Phys. Rev. Lett. 120, 144802 (2018)
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HTR PWFA Experiments

First demonstration of HTR PWFA

without plasma

with plasma

236 23.6 ::
_ 0
PITZ beam 23.4 Tail Head 234F. 5 &
; YAG screen — Witness e ' .
i Plasma DS ’ LYSO screen 32320 - a2 = 232} e
. == _ o 4 . B g
- ‘ ﬂlw W[IT __ﬁ__ = 23 ,ﬂ 2 N
228 um——— 228 s &
Dipole 226 226 0 =
-20 -10 0 10
t [ps]
» TR calculated from slice energy gain/loss TR = 4 6_,_2_2
, - -0.7
» Plasma density of ~2 x 10'3 cm-3 @ t[ps] N — o o
2 10 20 30 I, sim. R~
» HTR also observed at other densities g(ﬂ%iz < < % l [
% 5 :" E E
» Simulations show TR of 4.3 ‘ | | 2 3
o . . ® i " cgn 0 :\ S _Lez==>0 :':Ja
» ~70% of witness particles lost 05 ﬁ 5 £ tiness Tl T e S
.E . 5 % -15 L . . - s + -0.25
E o g 5 10 15 20 25 30
x " 43
05 . ) & tipel
gL 0 G. Loisch et al., Phys. Rev. Lett. 121, 064801 (2018)
EE 0 T
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HTR PWFA issues

Beam-plasma instabilities

Measured max. TR of 5.0

Long electron bunches prone to
instabilities (self-modulation & hosing)

» Focus driver as much as possible

» Operate at low plasma density

Simulations predict stable transport at
2 x 10" cm- max. density

BUT: Only reached stable transport up to
~8 x 1013 cm-3
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HTR PWFA issues

E
Large witness charge losses due to 02
defocusing wakefields (& subsequent s
apertures)
0 2 4 6 8
Different focal spots of driver & witness i : : s
Q=526.4 pC n,=2.2x10"" cm™

BUT: Witness focusing not sufficient o5 4 1

- Betatron oscillations of driver envelope

Cause: uneven slice matching due to
inhomogeneous focus of driver

plasma density np/nO

Also measured inhomogeneous driver
deceleration: 0 2 s 6
Min. deviation of 62% from mean beam electron density ny/Ng
deceleration in driver measured
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HTR PWFA issues

¢lolw ]
0 2 4 6 8
._.Q-O.S 5 T
Large witness charge losses due to 3 0 02
defocusing wakefields (& subsequent < os5f 2=678mm _ TR=48 5wl
apertures) ' | |
0 2 4 6 8
Different focal spots of driver & witness R ' | | 10
BUT: Witness focusing not sufficient 8 »
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@
Cause: uneven slice matching due to ! £
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LSl
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. . . b lect d it /
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deceleration in driver measured
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HTR PWFA issues

-0.4 1
_-02r
£
E
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at emission . z
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Advanced photocathode laser
pulse shaping



Advanced photocathode laser shaping

New photocathode laser in commissioning

Originally designed to provide ellispoidal
laser pulses for beam emittance reduction

Transverse & longitudinal bunch shaping
based on Spatial Light Modulator (SLM)
masking of chirped pulses

Independent shaping in x-A and y-A-planes
Direct control (fast & more accurate shaping)

Control slice parameters (homogeneous
focusing)

I. Kuzmin et al., Laser Phys. Lett. 16, 015001 (2018)
G. Loisch et al., NIM A 909, pp. 107-110 (2018)
I. Kuzmin et al., Appl. Opt. 58, pp. 2678-2686 (2019)
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Outlook

Preliminary simulations show strongly
reduced slice misalignment

SLM shaping in IR set up

First measurements show fast, stable and
accurate shaping in frequency domain

UV conversion being commissioned

First shaped bunches expected this
summer/fall

Bunch characterisation (& measurement of
TR/efficiency)

Final goal: readiness of photocathode bunch
shaping for high energy accelerator
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Summary

High transformer ratios (~5) achieved at
different facilities/in different wakefield
schemes

Not yet demonstrated HTR accelerator at
parameters for application

Studies ongoing to overcome current

limitations
Future studies at PITZ:
See also
Direct observation of SMI growth Posters on Thu
Demonstrate transverse & longitudinal '?');II?GI\;\;?):;;I;
photocathode laser bunch shaping of HTR- THPGWO017

capable bunches based on SLMs
Optimisation of TR & efficiency

DESY. | HTR PWFA @ PITZ | Gregor Loisch | 10th IPAC, Melbourne 22.05.2019 | Page 23



Thank you for
your
attention!

Contact

DESY. Deutsches
Elektronen-Synchrotron

www.desy.de

Gregor Loisch

PITZ-T
gregor.loisch@desy.de
+49 33762 7-7185





<<
  /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


