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Vlasov-Fokker-Planck-Equation (VFP) HZBH -
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N>10° electrons per bunch — smooth distribution in phase space
— distribution function:

qg=z/0,
f(qapar) p:—AE/O'E
T=w,t
2
ai + ai — [q + [«*c (C], T, f)] af = J pf + ai (M. Venturini)
0T = Jq / .\ dp @, dp /‘ op
RF focusing Collective Force Damping  Quantum Excitation

Numerical solution based on
— > M. Venturini, et al., Phys. Rev. ST-AB 8, 014202 (2005)
Other numerical solutions:
R.L. Warnock, J.A. Ellison, SLAC-PUB-8404, March 2000
S. Novokhatski, EPAC 2000 and SLAC-PUB-11251, May 2005
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original VFP-equation:

of af_ Ja 2 d ai
35 [q+E(q,T,f)]ap—wstl ap(pf+apj

Ansatz — “wave function” approach: Distribution function, £, expressed as product
of amplitude function, g: _
/=g

og
2+ p2—|g+F(qr1,g)=2=
. paq [q c(qu)]ap

2 2
2 g+pag+1 dg +8§
o2 dp glop) dp

f>= 0 and solutions numerically more stable
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g _ g(q.p.T+AT)—g(q. p.7) _ 8g+[q+F]8g ZEg dg (agj +8ng

Syp2— >
or AT aq op oz | 2 op gl\odp op

dq “ dp aor |2 " op glop op

N

2
g(q,p,HM)=g(q,p,f)—pMa—g+[q+F]Mag+ : {g“’ang (agJ + gJAT

r.h.s split into 4 steps:
=gy(q—pAT/2,p,7)
=g,(¢, p+lg+F,.|A7)
= gz(q —pAT/2,p,T)

2 2
g, =g, + 2 g3+pag3+1 dg, +ag23 AT
2 dp g,\ dp dp
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Interpolation with 4" order polynomial:

For iq = -igmax To igmax: For ip = -ipmax To ipmax
g0 = gold(iq, ip)
If Abs(g0) > .000001 Then
dQ = - ip *deltaP/deltaQ* dtau / 2
gmm = gold(iq - 2, ip): gm = gold(iq - 1, ip)
gp = gold(iq + 1, ip): gpp = gold(iq + 2, ip)
al=(gmm-8*gm+8*gp-gpp) / 12*dQ
a2=(-gmm+16*gm-30*g0+16*gp-gpp)/24*dQ"2
a3=(-gmm+2*gm-2*gp+gpp)/12*dQ*3
ad4=(gmm-4*gm+6*g0-4*gp+gpp)/24*dQ™4
gnew(iq, ip) = (g0 + a1 + a2 + a3 + a4)
End If
Next ip: Next iq

11
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Divided differences for the Fokker-Planck-term:

For iq = -igmax To igmax: For ip = -ipmax To ipmax
g0 = gold(iqg, ip)
If Abs(g0) > .000001 Then
gp = gold(iq, ip + 1): gm = gold(iq, ip - 1)
g1= (4*gp-6*g0+4*gm-2*gp*gm/g0)/deltaP * 2
g1=g1+ ip*(gp-gm) + (g0+gp)/2
gnew(iq, ip)= g0+g1*dtau/Omega_syn/Tau_long
End If
Next ip: Next iq

Step size: 1 ?p = const ,to be determined numerically
AT

Simulations for 6 — 10 damping times and as many synchrotron periods needed

During the last 64 periods the line density, p(q), is stored 64 times per period for
later analysis: FFT gives CSR-spectrum, and the integrated spectral power is to

the instantaneous CSR signal. FFT of this signal corresponds to observed signal.12
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Parameter BESSY 11 MLS
Energy, E /MeV 1700 629
Bending radius, p/m 4.35 1.528
Momentum compaction, o, 7.3 10 1.3 104
Cavity voltage, V_/kV 1400 330
Accelerating frequency, ® /MHz 21 500 21 500
Revolution time, T /ns 800 160
Natural energy spread, 6 7.0 104 436 104
Zero current bunch length, 6, ps 10.53 1.549
Longitudinal damping time, T,/ms 8.0 11.1
Synchrotron frequency, o /kHz 2w 7.7 21 5.82
Height of the dipole chamber, 2h/cm 3.5 4.2

13



Tests With Resistive Impedance
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Instability thresholds: black solid line - weak instability theory by K. Oide, Part. Accel.
51, 43 (1995), numerical results for the Diamond Light Source (DLS) and BESSY I

TsynTlong
1871 4

I muperical results
UFP-solver

DIAMOND =

BESSY I1 m
1972 ¢

1873 £

1874 &

182

*k-R’=28.2- (Tgyn<T [ong)® >0

a.1

Jk_RJ

1A

DLS: Vrf=2, 4, 8, and 16 MV
BESSY II: Vrf=0.35, .... 14000 MV.

Oide's dimensionless parameter:

' pr_ [threshou[A]'R[Q]'To[S]
R sl otls]

weak instability —
damping time matters

]threshold (O-O — COnSt) o< \/ I/rf
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Threshold Current in mA
.

New Features for BBR-Interaction

Q=

4

Q-1

HZB......
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broad band resonator with:
R.=10 kQ, Q=1 and F, variable

solution of VFP-equation: (¢, p,7)

line density: _
p(q.7)= | f(g, p.7)dp

instantaneous CSR:
2

P,.(@,7)~| [ p(g.7)-e "™ dg
time dependent CSR-power:

P (1) = _f P, (o,7)dw

coh
cutoff 16



V. New Features — Islands of Stability HZB telmholtz
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norm. BUNCH LENGTH and norm. ENERGY SPREAD vs. CURRENT
BBR: Frog=26.5GHz, R =10k, Q=1
20 1.10

1.0t L

I 1.05
PWD VFP
['.D + + + + i /—\ l.ﬂﬂ
0 0.5 1.0

Igp/mA
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V2 Parallel Plate Shielded CSR-Wake HZ/B......
Zentrum Berlin

J. B. Murphy, et al. Part. Acc. 1997, Vol. 57, pp 9-64

prop. 53
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IMPEDANCE in kG

Comparison of CSR- and BBR-Imped

E=1700Mel rho=4.35 m d=3.5 cm

10

1 10
wavenumberin 1/cm

F.../c=(mp/24h3)1”2  BESSY II: F

100

HZB......
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R==10.0 kOhm Fres= 80.0 GHz [J=1.0

a
LY
=
)
.
&
E
In Z||
—10 : :
1 10 100
wavenumber in 1/cm
~ 100 GHz

res

R.L. Warnock, PAC'91, PAC1991_1824, http://www.JACoW.org
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zero currrent bunch length in ps
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CSR-Threshold Currents for the MLS
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S00KV . MLS
100kU .HLS5
ZOKV . MLS

110

zero currrent bunch length in mm

1.0
IihrVpf [UA/KU]

Solid black line: K.L. Bane, et al., Phys. Rev. ST-AB 13, 104402 (2010)
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CSR-Threshold Currents for the MLS HZB......
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V.2 Comparison of CSR- and Resistive Wake HZBH .
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MLS: Vrf=330kV, a=1.310"4, 6,=1.55ps
2
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zero currrent bunch length in ps
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CSR-Threshold Currents for the MLS
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CSR-Threshold Currents for the MLS HZB......
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V.3 CSR-Threshold Current Measurement HZBH ol
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BESSY I, Fy, =1 kHz, 6,~1.5 ps

" 31.52 uA CSR

0 5.0 FAdl 10.0

Many modes visible in the Fourier transformed CSR
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V.3 CSR-Threshold Currents for BESSY I HZBH -
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V.3 First Unstable Modes BESSY I HZB......

Zentrum Berlin

= Upg =400kU
Rz Upp=1600kU
™
e
5]
=
(= 3
5--
EXp. results |
=19.6.2012 |  Slope agrees
- ?3 -?fgggﬂ with resonance
. n17.11.20 F..~100 GHz

o 5 10
bunch length in p=

27



Zentrum Berlin

*This VFP solver reproduces earlier results — for the resistive, inductive, BBR,
and CSR wakes.

-Simulations for the shielded CSR wake are in surprisingly good agreement
with measurements at BESSY Il and the MLS. The observed resonance-like
features show that the vertical spacing of the vacuum chamber is important.

-Simulations have demonstrated the weak nature of the CSR driven instability,
also in the region of short bunches where the shielding is less important.

*The VFP solver is currently used to model the behavior of bunches above the
threshold currents.

In the future:

*Looking back — wave approximation or the fourth order interpolation is
probably not essential. | plan to make comparisons with a simplified code.

A more realistic wake with upstream radiation and realistic vacuum
chambers should be used.

A comparison should be made in terms of speed, accuracy, and results of the
3 different solvers for the VFP equation.

28



V.4 Combination of Wakes HZB Helmholtz
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CSR-Instability Thresholds for the SLS
with 3rd Harmonic Cavity and Inductive Impedance

T 2 LTo/20/0
o
-
-
E 10 0.1
10.05
0

0 1 2 3 4 5 6
Bunch Length/c
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Theoretical Results — Calculation of Spectra
\X:! with BBR+ R + L HZB Helmholtz
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1. Observations at BESSY I HZB......
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Theoretical Results - Burst

BBR: Rs=10kQ, Fres=200GHz, Q=4 and Isb=7.9mA

134.625! Tsun 14.7538! Tsun 134.873! Tsun

15.373! Tsyn 15.3588! Tsun

"

16.125! Tsun 16.2598! Tsun

16 . 875 Tsun 17.488! Tsun

+

Perturbation of f(q,p,t), q horizontal axis,

17 .25 Tsun

p vertical axis; in units of o,,.

HZB......

Zentrum Berlin
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Theoretical Results — Lowest Unstable Mode
BBR: R,=10kQ, F,..=100GHz, Q=1 and |_,=2.275mA HZB Helmholtz

. BEAWE*T syn B123I*Tsyn . H2AV*Tsun

Zentrum Berlin

*J

. B3TE*T=syn . B394%xT=syn . H617*Tsyn

o

. B731 *Tsyn . BB6A*Tsyn B33 E=*Tsyn





<<
  /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


