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Introduction

During ramping of an FFAG, betatron tunes cross many nonlinear
resonances.

We study here emittance growth and beam loss crossing
the 3rd-order resonance 3v, = /.

Chao et al and Aiba et al attempted to derive
trap efficiency during resonance crossing.
There are successes, but do not fit experimental results well.

We set 20% as tolerable emittance increase
or 2.5% as tolerable trap-fraction in resonance crossing,
and derive scaling laws for critical allowable resonance strength.

The scaling law can be obtained by solving Hamilton's equations of
motion by perturbation.

Will comment on crossing v, —2v, = { resonance.
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Model Ring for Simulation

@ The model ring for simulation is similar to the Fermilab Booster:
C = 474 m with 24-fold symmetric FODO lattice.

@ Betatron functions are:
Bxr =40.0 m, B,r =83 m
Bxp =6.3m, B,p =21.4m

@ A sextupole and octupole at one of the D-quads provide 3rd-order
nonlinearity and detuning.

@ Kinetic beam energy is fixed at 1 GeV.

@ The simulations ramp the horizontal tune:
vy from 6.4 to 6.24 crossing 3v, = 19 resonance
v,: fixed at 6.45, but chosen not to excite difference or sum resonance
as well as 4th-order resonances.
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@ Hamiltonian in the horizontal phase space:
H =61+ %al?+ GI*/?cos3¢,  proximity § = v—%, detuning a.

o We study downward ramping of horizontal tune v.

o S N B <— tune ramp direction
f o < 0, islands coming inwards
R a<0 no particle trapped
o 17 but emittance increases

1/2
tp

(ol T

<— tune ramp direction

a > 0, islands going outwards
with increasing size

1 particles trapped

| emittance increases w/o limit

o>0 —
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A Ring of Particles, a > 0
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@ Right plots: for a Gaussian bunch.

@ ¢, increases without limit.
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A Ring of Particles, a < 0
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@ Right plots: for a Gaussian bunch.

@ Emittance increase is limited.

20

Px (mm)

-20

mim

€x j

/ € 3

| | E=|

0 500 1000 1500 2000
revolution

L R I A N DUALRE

L Ggop=0.1483 (mm)~1/2

[ ayx=-391(im) ! -]

P PR R B

—20 0 20

x (mm)

September 17-21, 2012

6/1



A Ring of Particles

1.0 .
1 @ For a >0, particles
a ] ..
508 - trapped in islands.
-2 4
13 - .
£ 0.6 - o Study trap fraction
8,04 - @ Oscillations do not
& 02 3 converge as rapidly as
1 whena<0
0.0 H
& ]
~ 1.5 —
‘é“ 1 e For a <0, talk about
3 1.0 - fractional emittance
] €
= 1 growth FEG= —.
0.5 ] €i
0.0l I e
0.5 1.0 2.0 5.0 10.0 20.0 50.0 (x10-6)

|dv/dn]|
@ Note large oscillations in trap fraction and FEG due to initial timing.

@ oscillation amplitudes are small only when tune ramp rates are small.
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Ring of Particles with Adiabatic Tune Ramp

@ Phase space evolution for o < 0 and adiabatic tune ramp
(|dv/dn| < 4.02 x 107 per turn)
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Scaling Law of FEG at Adiabatic Ramping with @ < 0

@ For a beam, FEG = 7.3 |Gﬁp(J)dJ Gaussian 7.3F(3)G| B
. al€; (Sra[e%
——

@ Note that FEG o o ! because particles
adiabatic scaling

have time to follow separatrices of islands. parameter
iz [ e ‘ (‘ : 1 @ In an FFAG, tune ramp rate
< gl X a= —251 (mm)-1_] . . .
=l 0 a= 500 (mm)-1 ] is not adiabatic.
2T © a=—1002 (mrm)-11 .
5 i G=0.2 (mm)-1/2 | @ Emittance growth should be
$ s g RJj=5 mum independent of detuning
3 ® as shown in simulation.
B f oo .
Y * @ Study of detuning
o L
§ | dependency
I Y is an aim of this talk.
£ 0 |
5 1076 5 1075 5 1074

|dv/dn|
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Emittance Growth after Encountering an UFP o < 0

@ Let us see how emittance increases when passing through an UFP.
Start with a ring of particles representing outermost of beam.
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e Green: A particle collides with u.f.p. and increases in action (theory).
@ Brown: A particle nearly collides with an UFP at v = 7

@ Near an unstable fixed point, A/ related to Av. A =~ 1—0

\J2 ( €Scaling Properties of Resonances in Non-Scal September 17-21, 2012 10/1




Emittance Growth After Encountering UFP a < 0

@ Hamilton's equations of motion:
I'=3GI?sin3y, ' =68+ al + 3GIY2cos3y

@ Expand about an UFP where ¢/ =0, I"=0
dv
Al ~ 61 GI}/?——(n—n,)?
o With ¢ =5 = L9 o Gl g (=)
2m dn szwﬂ(n—n )2
dn “
3/2
e Eliminating (n—n,), Al = 6\/7?%(&@3/2
dn
@ Roughly /, = %(I,- +1r)=1; (1 + ?/) with Al =1 — [
1237Ge? (ag)*? 3/2
o With = 31, | ¢ _ 12364 (AY) (1+AE>
€ Ea 2¢;
dn
@ Scaling parameter: |S =G o independent of detuning a.
|dv/dnl
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Comparison with Simulations
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o Simulation inputs: Conclusions:
-1 . o .
o from 0 to —800 (7m)~", @ Scaling law fits simulation results
1
G from 0.02 to 0.8 (7m)~ 2, pretty well.
-5 -2 .
|dv/dn| from 107 to 1077, @ Emittance growth across resonance
;2 0.93, 2.3, 4.62, 6.94 (wum) is almost detuning « independent.
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Comments

@ Is Taylor expansion valid?

@ 27(n—n,) appears to be a big number when expand about UFP

Looking into more terms in expansion:
expansion is actually in

[G/3/227r(n—nu)} >~ 12782 Ay

€j

@ When S =G o

=0.1 with /, ~ 3¢

[Gly?2m(n—n,)]? ~ 127S2 A4 ~ 0.12

Expansion breaks down for adiabatic tune rates, - S will be large.

For adiabatic tune ramp, solve Hamiltonian without perturbation.
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Scaling Law for Critical Resonance Strength a@ < 0
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Trap Fraction vs Emittance Growth Factor (EGF)

e For a < 0, define fractional emittance growth FEG

NJ>Ji,max

@ For a > 0, define fi,., = ’ more than trapping!! ‘

Ntotal

@ fiap, as defined, can also be used when o < 0.

Then there must be a relation between FEG and fi,a,.

0,5\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\

g2 [ rmo-sr,, (ot i) 7 @ Observe a linear relation between
é 04} «=~991 (mm) L { ﬁcrap and FEG.
& f 72 ] )
g oar o 1 @ If we define a
o L 4
= +v* +8 el O ] )
Eooal ol S ] tolerable emittance growth
e N e ° X B€;=5.53 mum ]
E [ © 6€;=13.8 mum ] as 20% (FEGZOQ),
5 O 66;=27.7 mum ] L.
N + 6¢j=55.3 mum ] corr. trap fraction is fiap = 2.5%.
L e e e b e g
08.00 0.01 0.02 0.03 0.04 0.05 0.06

Trap fraction fLrap
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Trap Fraction fi,,, at Positive Detuning (a > 0)
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) @ Worst when include more data of
@ Experimental results: boxes

larger detunings and ramp rates.
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Critical Resonance Strength for a > 0

@ Scaling law shows a small dependency on detuning a.

@ As o increases, power in |dv/dn| increases from 1 to 2

@ Large « in solid line: ] e l TR
—  critical sextupole strength (2 5% capture) =
2| & 0%E 0.082av/An” (solid line) - 3
[ ] — 0.082¢ _1/2 Av |3 = 050; 0.027|Av/An|?  (dashed line) E
firap=2.5% — An| | 2 7E 'y E
@ Small @ > 0 in dashes: = O E
w F
1 5020 —
2 I L
o —-1/2 Av e [ % 6¢,=27.7 mum
[G] firap=2.5% 00275, F Q_‘g L %s,%’ o =891 (mm)-! X No octupole
n ’a‘ X’x o ® 8€;=5.53 mum || © =196 (7m)-!
= g0 gm o ] % 6€;=13.8 mum  ||0 a=391 (mm)~1 |_
H TE % 6€;=27.7 mum + a=783 (mm)-! |
@ Above is exactly the same as S| M
. 0.07 =
. [ | T I |
Scallng |aW for [G]FEG:0.2 When 0.00002 0.00005 0.00010  0.00020 0.00050  0.00100

a<0 |Av/An|
@ Larger o — larger tune spread — longer resonance crossing time —
more particle trapped in islands.

o Larger «, smaller islands, less trapping.
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Comparison with Aiba’s Result

tolerable p . 1/2
_10| Av scaling Gel/
@ Ours: qresonance | [G], _, 5o =A¢; 12122 =
{strength An| | parameter >~ Jdo i
with A varying from 0.027 to 0.082 and p from 1 to 2.
%
., Jtrap o G 1.
o Aiba's: {efficiency Pr = 172 (31/3(1'&/2) N e M
dvd 2/3
with Tlad = Lﬂ‘“ and T]—{ lad  Tlad > ! [OlOln]
31/236|a| G}/ 1 na<l
@ The two results are very different in
» dependency in detuning « » dependency in initial emittance ¢;

» dependency in tune-ramp rate dv/dn  » different scaling parameter

@ According to Aiba etal, trapping will be greatly reduced
by increasing detuning while crossing resonance.
But our result predicts not much help.
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3rd-Order Difference Resonance v, —2v, =/

@ This resonance v, — 2v, = ¢ is known as Walkinshaw resonance
in the cyclotron circle.

@ Not easy to avoid in cyclotrons, since vy~ and v, <1.
@ Near or crossing this resonance leads to emittance increase.

@ Not catastrophic and emittance increase is limited.

@ This is because AL R AR
101 exi rms=zi,rms=5-0 Tum
20+ J: = A, [ Gy _p1=8.32 (mm)~1/2
which is a constant of motion. ’E [ A(vx—2v;)/An|=1e—4
E [ ag9= 600 (rm)—1 A
° ’ S 206 + Ae, = 0\ [ agy=-600 (mm)~1
¢, shrinks and ¢, grows‘ E 8f-2q1= 0 (rm)~1
: [
@ Note that emittance growths =
. . 41—
crossing Walkinshaw resonance i
are independent of detuning i | | | | | :
Q11 = Qe + 40z — A0l 0 a0 400 600 800 1000 1200

Revolution (n)
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Scaling Laws

i L E N DLV B 20 e B A
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Gy _g1Ve; / IA(vy—2v,)/An|l/2 exi/€zi
@ There is a scaling law with the scale parameter
€

1/2
|d(1/X—21/z)/dn|}

@ The growth rates become linear with ¢,;/¢,; when latter ratio is large.

S = Gl_zg |: when Exi = €z .

@ There is no growth when ¢,;/c,; < 1.

@ To avoid Walkinshaw resonance may be should operate with ¢,; < €.
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Conclusions

@ We study emittance growth crossing 3rd-order resonance and derive
some formulas using simulation and theoretical derivation,
giving pretty good agreement with experimental measurements.

o With tolerable FEG of 20% or trap fraction of 2.5%, we derive
scaling laws for critical resonance strength [Glrec—02 and [G]f,. —0.2.

@ Perturbation about UFP is a good method in deriving scaling law.
Can be applied to FEG for crossing other nonlinear resonance.
For example, for octupole driven resonances,
we obtain FEG scales with Gagej|dv/dn|~1/2, independent of detuning.

@ Our scaling law can be useful in design of high power accelerators,
estimate of emittance growth in cyclotron, and estimate of requirement
of slow beam extraction using 3rd-order resonance.

@ Our scaling law is very different from the one derived by Aiba etal.
A non-scaling FFAG has recently commissioned.
Our scaling law should be timely for experimental test.

€Scaling Properties of Resonances in Non-Scal September 17-21, 2012 21 /1




<<
  /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 false
  /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


