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Results from AWAKE: ‘
Electron Beam Acceleration in a
Proton Beam-Driven Plasma Wakefield
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-/ Plasma Wakefield Acceleration?

Plasma wakefield acceleration is a novel method for
accelerating particles using extremely large fields:
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Note, the density of air in the room is:

Ngir = 2.69 X 10" em™ = Ep &~ 500 GV/m



Challenges in Plasma Wakefield Acceleration

Plasma accelerators should:

1. Be efficient.

2. Be stable.

3. Produce low emittance beams.

4. Reach extremely high energies.



-nges In Plasma Wakefield Acceleration

Plasma accelerators should: LETTER

High-efficiency acceleration of an electron beam in a
plasma wakefield accelerator
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-Ilenges In Plasma Wakefield Acceleration

PHYSICAL REVIEW X

Plasma accelerators should:

Demonstration Scheme for a Laser-Plasma-Driven Free-Electron
Laser @
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2. Be stable.

3. Produce low emittance beams.

LUX interaction chamber.

4. Reach extremely high energies.
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-nges In Plasma Wakefield Acceleration

Plasma Physics and Controlled Fusion

Plasma accelerators should:

Evidence for high-energy and low-emittance electron beams
using ionization injection of charge in a plasma wakefield
accelerator
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-Ilenges In Plasma Wakefield Acceleration

Plasma accelerators should:

1. Be efficient.

2. Be stable.

3. Produce low emittance beams.

4. Reach extremely high energies.

LETTER

doi:10.1038/nature16525

Multistage coupling of independent laser-plasma
accelerators
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-allenges In Plasma Wakefield Acceleration

Plasma accelerators should:
AWAKE is a proof-of-concept experiment

1. Be efficient. to show that proton beam-driven PWFA
can be used to reach extremely high
7 Be stable energies without the use of staging.

3. Produce low emittance beams.

4. Reach extremely high energies.
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Why Use Protons for PWFA?

Proton beams store tremendous amounts
of energy:

- Petawatt Laser Pulse =50 J Focusing quadrupoles
- FACET Electron Beam = 65 J
- CERN SPS Proton Bunch = 20,000 J

Electron  Proton
bunch bunch

By transferring a significant amount of this
energy to a trailing electron beam, we

Li gas call

create a single-stage, high-energy, plasma
accelerator.

But there’s a catch . ..
The proton beam is much longer than the
plasma wavelength.

A. Caldwell, et. al. Nat. Phys. 5, 363 - 367 (2009)



_dulation Instabilit
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At a density of 7 x 10 cm3, the proton beam is hundreds of times longer
than the plasma wavelength. As a result, the proton beam does not drive a
large amplitude wakefield in the plasma.



- ulation Instability N Kumar, et. al. PRL 104, 255003 (2010)
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There is a small transverse force experienced by the beam as it propagates
through the plasma. The force alternates between focusing and defocusing.

5 / / / /
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Transverse force felt by bunch kpg', Focusing oscillates along bunch



_ulation Instability N Kumar, et. al. PRL 104, 255003 (2010)
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The transverse force alternatingly pinches and defocuses the beam which
enhances the transverse force felt by the beam.
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The Self-Modulation Instability
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The strongly defocused protons exit the plasma, leaving behind a train of

microbunches which resonantly excite a large amplitude plasma wakefield.



Seeded Self-Modulation (SSM)

The self modulation instability (SMI) REREEASETEIELEE
iS Usefu/ beca use it Conve rtS the Highlights ~ Recent  Accepted  Collections  Authors

Access by CERN Library Go Mobile »

|O ng p rOtO n bea m | nto a Se rl eS Of \I;Ivc;iiggellrésstability Suppression in Self-Modulated Plasma 0
microbunches which resonantly e e S e s 2ot mOcE

excite the wake.

But other instabilities, like the
hosing instability may also arise.

By seeding the SMI with a short
laser pulse, we can suppress the
hosing instability and control the
phase of the wake.

Unseeded SMI and hosing instability. Seeded SMI. No hosing.



-ture and Acceleration

% protons

°8 electrons

After seeding, the wakefield grows and we inject electrons into the

high-amplitude part of the wake.
A. Petrenko CERN






CERN's Accelerator Complex

CMS

__»7

— —

LHC North‘Area
2008 (27 km) )
ALICE e LHCb
TT40 TT41
SPS
1976 (7 km)
T2 TT10
A ATLAS
HiRadMat
1 160
| |
ELENA AD

T2 BOOSTER

12>

n-ToF
neutrons
P p (proton) p ion P neutrons

1972 (157 m)

ISOLDE
WP O East Area
Ly
q PS
i 1959 (628 m)
LINAC 2 l | < CTF3
e
LINAC 3 ‘ LEIR W
i Py

P p (@ntiproton) P electron S—)- proton/antiproton conversion



20 MeV Electron Beam
CERN BE-RF, TE-ABP




ematic for SSM Measurements
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- of Seeded Self-Modulation

Streak Camera Image
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-n of Seeded Self-Modulation

Streak Camera Image
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-n of Seeded Self-Modulation

Streak Camera Image
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lemonstration of Seeded Self-Modulation
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F. Batsch, P. Muggli

By “stacking” images together, we demonstrate that the
proton bunch modulation is persistent and stable.



.aded Self-Modulation Measurements

E. Adli, et. al. (AWAKE Collaboration) PRL 122, 0548002 (2019) M. Turner, et. al. (AWAKE Collaboration) PRL 122, 0548001 (2019)
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By measuring the frequency of modulation with By measuring defocused protons that escape the
the streak camera, we can verify that the proton plasma, we can infer the strength of the fields

bunch is modulated at the plasma frequency. inside the wakefield.



_atic for Electron Acceleration

Electron source system
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-mental Schematic for Electron Acceleration
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_ Schematic for Electron Acceleration
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-ation of Electrons at AWAKE! e 561, 363 367 (2038)
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cceleration of Electrons at AWAKE! M Neture 561, 363 367 (2018
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cceleration of Electrons at AWAKE! M Neture 561, 363 367 (2018
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Electron Acceleration Results (PRELIMINARY!)

M. Turner, CERN S. Gessner, CERN, J. Chappell, UCL, J. Moody, MPP
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We study the longitudinal wakefield by varying the position of the seed
pulse within the proton bunch, and the delay of the electron injection
with respect to the seed pulse. Analysis ongoing!






Plans for AWAKE Run-I|

AWAKE wants to demonstrate increased charge capture and
emittance preservation in future experiments.

To do this, we will split the experiment in two: a modulation
stage and an acceleration stage.

Electron beam
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Plans for AWAKE Run-I

One concept for emittance
preservation at AWAKE involves
the dense electron witness bunch
driving its own bubble wakefield.

In this technique, the electron
beam is accelerated by the
proton-driven wake, loads the
wake, and experience a linear
focusing force due to the ion
bubble.

PHYSICAL REVIEW ACCELERATORS AND BEAMS

Highlights ~ Recent  Accepted  Special Editions  Authors = Referees = Sponsors

Emittance preservation of an electron beam in a loaded quasilinear 0

plasma wakefield
Veronica K. Berglyd Olsen, Erik Adli, and Patric Muggli

Phys. Rev. Accel. Beams 21, 011301 — Published 16 January 2018 u m
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Beyond Run-Il

Our long term goals include
extracting a significant fraction
of the energy from the proton
beam. To do this we will need
long (~100 meter) plasma
stages. We are investigating
helicon plasma sources as a
possible solution.

AWAKE TDR. CERN-SPSC-2013-013.



HEP Experiments

AWAKE is looking for near-term

applications for electrons accelerated
by protons in plasma. We are
currently focusing on:

MMMMM

* Beam dump experiments
* Electron-proton collisions

VHEeP: A. Caldwell and M. Wing, Eur. Phys. J. C 76 (2016) 463

M

/ LEP/LHC o

G. Xia et al., Nucl. Instrum. Meth. A 740 (2014) 173. Layout 2

Layout 1

Create ~50 GeV electron beam within 50-100 m of plasma
driven by SPS protons, But luminosity < 103° cm=2 s'1,



Conclusion

AWAKE Run-l was a success!

e Demonstration of Seeded Self-Modulation.
e Acceleration of an electron beam to 2 GeV.
* Many more studies | didn’t have time to cover.

AWAKE Run-Il Is coming soon:
* Focus on emittance preservation of injected beam.

There is a lot more energy left in the proton beam:
* Future versions of AWAKE will aim for ultra-high energy
by extending the plasma cell.



-E Collaboration

AWAKE Collaboration: 21+2 Institutes world-wide:

Collaboration members:

CERN, Geneva, Switzerland

Max Planck Institute for Physics, Munich, Germany

University of Oslo, Oslo, Norway

University of Manchester, Manchester, UK

Cockcroft Institute, Daresbury, UK

Lancaster University, Lancaster, UK

Max Planck Institute for Plasma Physics, Greifswald, Germany
UCL, London, UK

UNIST, Ulsan, Republic of Korea

Philipps-Universitat Marburg, Marburg, Germany
Heinrich-Heine-University of Dusseldorf, Diisseldorf, Germany
University of Liverpool, Liverpool, UK

ISCTE - Instituto Universitéario de Lisboa, Portugal

Budker Institute of Nuclear Physics SB RAS, Novosibirsk, Russia
Novosibirsk State University, Novosibirsk, Russia
GoLP/Instituto de Plasmas e Fusdo Nuclear, Instituto Superior
Técnico, Universidade de Lisboa, Lisbon, Portugal

TRIUMF, Vancouver, Canada

Ludwig-Maximilians-Universitat, Munich, Germany

Wigner Institute, Budapest

University of Wisconsin, Madison, US

Swiss Plasma Center group of EPFL

Vancouver

o

Glas gow

Manchester ’ :

London

Associated members:
University of Texas
Helmholtz Institut Jena

Novosibirsk

.
’



AWAKE Collaboration Meeting, Novisibirsk, 2017





<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /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


