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ANALYSIS OF FEL-BASED CEC AMPLIFICATION AT HIGH GAIN
LIMIT*

G. Wang”, V. N. Litvinenko and Y. Jing, BNL, Upton, NY 11973, U.S.A.

Abstract

An analysis of Coherent electron Cooling (CeC)
amplifier based on 1D Free Electron Laser (FEL) theory
was previously performed with exact solution of the
dispersion relation, assuming electrons having Lorentzian
energy distribution [1]. At high gain limit, the asymptotic
behaviour of the FEL amplifier can be better understood
by Taylor expanding the exact solution of the dispersion
relation with respect to the detuning parameter [2, 3].

In this work, we make quadratic expansion of the
dispersion relation for Lorentzian energy distribution [1,
4] and investigate how longitudinal space charge and
electrons’ energy spread affect the FEL amplification
process.

INTRODUCTION

FEL instability plays a key role in a FEL-based CeC
system: it determines the cooling force, the effective
bandwidth, as well as the saturation level of the
system[5]. An analytical analysis based on numerically
solving the exact 1-D FEL dispersion relation had been
previously performed for a warm electron beam with
Lorentzian energy distribution [1]. Although the analysis
in [1] is based on an exact solution of the FEL dispersion
relation and takes into account both the warm beam and
longitudinal space charge effects, the final solutions
involve an inverse Fourier transformation that can only be
evaluated numerically. During analysing and optimizing a
CeC system, it is often beneficial to have analytical time-
domain solutions, which provides scaling laws as well as
more intuitive insights.

Recently, an analysis of CeC based on 1-D FEL at high
gain limit has been performed [2] for cold electron beam.
In the analysis, the solutions of 1-D FEL dispersion
relation have been Taylor expanded up to the quadratic
terms with respect to the detuning parameter. The
approximation is valid if the FEL gain is large enough
such that the beam spectrum is dominated by the
components with small detuning parameter. The
approximation significantly simplified the final results
and allow for an analytical expression for the time-
domain solution of the cooling force.

As an attempt to extend the analysis of [2], we start
with the 1-D FEL dispersion relation of a warm electron
beam as adopted in [1], and take the Taylor series of its
solutions up to the quadratic terms in detuning as the
approximate solutions. Similar to the results obtained in
[2], the approximation leads to an electron density
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Energy.
*gawang@bnl.gov

wave-packet with a Gaussian envelope in the time
domain. Both the amplitude and the RMS width of the
Gaussian envelope depend on the longitudinal space
charge parameter and the energy spread parameter of the
electron beam, which makes it possible to investigate how
these beam parameters affect the cooling process.

The contents are organized as follows. In section II, we
present the set of equations to be used to find the
approximate solutions to the dispersion relation for
arbitrary space charge and energy spread parameters. We
then solve the equations for zero space charge parameter
in section III, and investigate how energy spread
parameter alone affects the gain and coherent length of
the cooling force. For arbitrary space charge and energy-
spread parameter, numerical method is required to solve
the set of equations and we present our results in section
IV. Section V consists our summary.

SOLUTION OF 1-D FEL DISPERSION
RELATION AT HIGH GAIN LIMIT

Assuming the following energy distribution of the
electron beam": ﬁ'(ﬁ) = q/[,;(ﬁz +§ )J , the 1-D FEL
dispersion relation reads

s[(s+é+ié)z+f\f,}:i ’ (1)
where § is the complex growth rate of 1-D FEL
instability in unit of T [ 2 g20/(cr1, )}% is the 1-D

gain  parameter, [\pz /4;zj0/(;/22;/1A)/1“ is the

normalized space charge parameter, P=(E-E,)/(pE,) is

the normalized energy deviation of an electron with
energy E , p is the Pierce parameter, § is the
is Alfven

current, § =K /y is the trajectory angle of electrons’

normalized energy spread parameter, [,

motion, K is the undulator parameter,
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Let the growing root of eq. (1) to be
8, = Ay + AAC+ LAC +... (2
where AC=C-¢, and ¢, is the detuning corresponding

to the maximal growth rate, i.e.
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Inserting eq. (2) into eq. (1) and using eq. (3) leads to
Ay = Ay +id, » “4)

: We adopt the formalism and definition of variables of [4] .



where A, and A, are to be determined by the following

two equations:
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Once 4, is solved from eqgs. (5) and (6), the resonant
detuning parameter, ¢, , as well as the linear and

quadratic coefficients, 4 and 2, , can be obtained from
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ZERO SPACE CHARGE LIMIT
In the limit of R> _, ¢, eq. (4)-(9) yield ¢ =¢/V3 »
A :2ei%/7.R/\/§ s Ay =-224i/(34,+¢) and
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where

and 4(4)= [(9ﬁ+\/243+32\/— )/2+8(}3};'

In the frequency domain, the electron density wave-
packet is given by the following expression [1]:
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For a delta-like electron current density modulation,

Ji(z.t)= —%ﬂzcé'(z - B.ct) and

ji(0.6,)=-25. (11)

Inserting eq. (11) into eq. (10) and performing the inverse
Fourier transformation leads to
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. 1s the optical wavelength of the

Zeck (é)

where k, :27;//1
FEL, ¢ () [ 11/(12y )]/c and o? =4k z/alp

According to eq. (12), the wave-packet moves with the
velocity v, #ne+(1-n)v, with 5 = (A +4)/(32 +4) and the
RMS width of the wave-packet is
S ‘ﬂq‘ —k, z

ke pRe(ﬂ?)
As shown in Fig. 1, the coherent length of the wave-
packet increase with the energy spread for the relative
energy spread much smaller than the Pierce parameter.
For energy spread larger than the Pierce parameter, the
coherent length starts to decrease with increasing energy
spread.
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Figure 1: RMS width of the wave-packet as a function of
the normalized energy spread parameter for zero space
charge parameter. The abscissa is the normalized energy

spread parameter, ¢ , and the ordinate is the RMS width

of the wave-packet in unit of \/kwiz / ( koc\/; ) .

The peak electric field due to the density modulation is

1y | = et (ki) and the gain in electric field is
B pea f’ 14
oolimlend 22t il
0
with L, :1/(J§r) and E, =Ze/(250 )-



Figure 2 plots the gain in electric field as a function of

the energy spread, suggesting a sharp decreasing in gain
as the energy spread increasing from zero to O .

1x10* |

,% —z=10Lg
= , —— z=15Lg
k=) Ix107 —
5 —7=20Lg
=
.2
E 1000 =
(&)
2
()
-E 10— -
g
<
&}

1 | |

0 1 2 3

Normalized energy spread parameter

Figure 2: Electric field gain as a function of the energy
spread parameter for zero space charge parameter. The

abscissa is the normalized energy spread parameter, ¢ ,

and the ordinate is G/ p as calculated from eq. (14) .

NUMERICAL SOLUTION FOR NON-
ZERO SPACE CHARGE
For arbitrary A » and ¢ , solving eq. (5) and (6)
requires finding the roots of the following expression:
3-4A%%, (3-4A22)(1-4A22,) .
A |———=—G+ -
1-4A22, 84,(1-2A22,)

Analytically finding the roots for arbitrary A, looks

(15)

difficult and we proceed with numerical approach.
The expansion coefficients, 5 , and ¢, are obtained

from eqgs. (5)-(9). The electron density modulation in the
frequency domain is still given by eq. (10), but the

coefficient B, become
A +(iCA’0 +2:})}LO +/A\f7 +q
oo +2/102(ié’0 +¢})+i

(16)

1

Eqgs. (12)-(14) remain valid for arbitrary A, and ¢ .

Figures 3 and 4 show how the coherent length and
electric field gain depends on the space charge and energy
spread, which suggest that, for A, <<l both the gain and

the coherent length do not strongly depend on the
longitudinal space charge effect.

SUMMARY

Taking the Taylor series of the solution to the FEL
dispersion relation up to the quadratic term in detuning
parameter leads to a time-domain electron density wave-
packet with Gaussian envelope. For electron beam with
Lorentzian energy distribution and zero space charge, we
found close form expression for the amplitude and RMS

width of the Gaussian envelope. For arbitrary space
charge, analytical derivation is difficult and the solutions
are found with numerical approach.
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Figure 3: RMS width of electron density wave-packet as a
function of the energy spread parameter, ¢, and the space

o—T7

charge parameters, A, The ordinate is the RMS width in

unit of \/kM?/(kOC\/;) .
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Figure 4: Electric field gain as a function of the energy

spread parameter, ¢ , and space charge parameter A b

REFERENCES

[1] G. Wang, in Department of Physics and Astronomy,
Stony Brook, (2008).

[2] G. Stupakov, and M. S. Zolotorev, Physical Review
Letters 110 (2013).

[3] S. Krinsky, in AIP Conference Proceedings 2002),
pp- 23.

[4] E. L. Saldin, E. A. Schneidmiller, and M. V. Yurkov,
The Physics of Free Electron Lasers (Springer, New
York, 1999).

[5] V. N. Litvinenko, and Y. S. Derbenev, Physical
Review Letters 102 (2009),114801.



	88903
	BNL-107448-2015-CP
	Analysis of FEL-based CeC amplification at high gain limit
	G. Wang, V. Litvinenko, Y. Jing
	Presented at the 6th International Particle Accelerator Conference (IPAC’15)
	Collider Accelerator Department
	Brookhaven National Laboratory



	G. WANG IPAC


<<
  /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


