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Electric Dipole Moment and Standard Model

In frame of SM among the not yet understood
phenomena are the reasons A
for the violation of the CP symmetry. dT’I‘U

But CP violation is the only known mechanism
that could explain
the matter-antimatter asymmetry found in Universe.

The electric dipole moments (EDM) of fundamental particles are excellent probes
of physics beyond the standard model (SM), e.g. SUSY,
since they allow for values within experimental reach whereas
the SM predictions are several orders below them.
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“Tomas-Bargmann, Michel,Telegdi” equation with EDM term

The spin is a quantum value, but in the classical physics representation
the “spin” means an expectation value of a quantum mechanical spin

operator:
45 _Gx3
t
O=-% {GE + [
m
G-8_2

d =neh/4mc )

_4a’-mc2

EDM

=31
 4[0e m] [o38 272 e ] <9.10-15

T ehc _e-
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Main problems of EDM simulation

-the arithmetic coprocessor has a mantissa length of
52 bits (minimum recorded figure~2*10-1%) and can
make a mistake in calculating spin projections after i-
th element if S,,,-S;<10-16.

-the required revolution time simulation is ~10°

- high accuracy of simulation

Therefore we take an approach, where the EDM signal is not
implemented, and only the induced error signal is studied.
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Methods of spin-orbital motion investigation

-COSY Infinity program;

-Symplectic Runge-Kutta integrating;

-Direct numerical integration of T-BMT differential equations;
-Analytical approach.
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COSY Infinity program (M. Berz)

COSY Infinity is a program for the simulation, analysis and design of
particle optical systems, based on differential algebraic methods.

In the EDM search, it is the only program which allows the spin-orbit
motion of millions of particles to be simulated over a real time scale
experiment during n x1000 seconds.

At present, we use the MPI (Message Passing Interface) version of
the COSY Infinity program installed on a supercomputer with 3-10°
processors.

At the initial stage of EDM research, we use COSY Infinity to study
the behaviour of the spin aberrations for a large number of particles
and a long-time calculation.
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Symplectic Runge-Kutta integrating (A. lvanov)

The integrating Runge-Kutta program is intended to model the spin-
orbital motion with fringe fields in elements and including the EDM
signal directly in the simulation.

The algorithm used in the program is not as fast as COSY Infinity by
several orders of magnitude. Therefore, we use it mostly to
investigate a short-time phenomenon for single particle that does not
require long calculation periods.

As a basic method for the tracking program, a symplectic Runge-
Kutta scheme was implemented from W. Oevel, M. Sofroniou,

( Symplectic Runge- Kutta Schemes II: Classification of Symmetric Methods, preprint, University of Paderborn,
Germany, 1996.)
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The EDM search methods in Storage Ring:

1. Resonant method with initial spin orientation in ring
S| B; $={0,S, ,0} and B={0,B,,0}

2. "Magic” method with initial spin orientation in ring
S||p; S_LE; $={0,0,S,} and E={E,,0,0}

23. August 2012
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In resonant method* the spin
frequency is parameterized :

ﬁ—_e{G§+( 21 —GJ(EXE)#—Q@BXE)}
m y —1 2
A/(frfikfrev)t

using RF flipper E'~e¢

In case of parametric resonance when jfrf +k=1G; k=0,2,. we shall
observe the resonant build up:
2 ) . 2 Tf -peiod of fundamental oscillation
Sz(n) = ( Vels 7 hvsl Sln}n_‘hm -C0827Z'VS71 4E-12 WWWMMMWM
2V resonance v
S 3E-124
E .l 26127 -
_ v, = 7/G .1E-12;§ ----- : &
cir ) 0_'5
Advantage: the method can be
realized in COSY ring .
PETE . B S s BN . S
Dlsadvantage: the hlgh reqUIrement 0 100000 200000 300000 400000 500000 600000

turns number

to stability of f;
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“Magic” method for purely electrostatic ring

In the “magic” method the beam is injected in the electrostatic ring with the spin
directed along momentum S ||p and S_1 E; $={0,0,S,} and E={E,,0,0}

at “magic” energy : 2; ~G=0
7/mag_1
45 _ 343
dt
O=-21GB+ 21 -G (ﬁxf)+ﬁ(ﬁ+ﬁxl§)
m 4 —1
G _ g — 2 , * A
2
External fields EDM
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“Magic” method for purely electrostatic ring

In the “magic” method the beam is injected in the electrostatic ring with the spin
directed along momentum S ||p and S_1 E; $={0,0,S,} and E={E,,0,0}

at “magic” energy : 2; ~-G=0
7/mag_1
45 _ 5.3
dt

||

3 Im
—

+

N |3

o

+
%\,/_/

External fields EDM
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“Magic” method in purely electrostatic ring

In purely electrostatic ring the spin of particle with “magic
energy” rotates with the same angular frequency as the
momentum and it tilts up in the YZ plane due to the EDM with

angular rate

—>

23. August 2012
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Spin tune aberration in purely electrostatic ring

In reality the beam has energy spread v,,,, Ay and all particles
move in different external field. Therefore the spin tune has the

aberrations dependent on energy vy and trajectory r(t) of particles.

dlG s
dt myyc

| vs energy | vs field distribution

At “magic” energy it is no precession of spin. For no “magic”

energy Yy, Ay
Q=0HXXAy,r

Spin tune aberration
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Spin Coherence Time is time when RMS spin orientation
of the bunch particles reaches one radian (YS,BNL),
and it has to be > 1000sec.

During SCT each particle performs
~10° turns in the storage ring
moving with different trajectories
through the optics elements.

At such conditions the spin-rotation
aberrations associated with
various types of space and the
time dependent nonlinearities start
to play a crucial role.
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Spin tune aberration due to energy spread

Longitudinal component

ds., el E.[ 1
dr R T R
T 2ame” \y© -1 5 eLorbEx 5 1 .
as, el ,E.[ 1 Vs = R
Loqpubox G, 27mmyc ye—1
dr 2ame” \ y© -1

dr =2mdt/T,,,
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RF cavity as first step to increase SCT

RF off: 2 = A 2
Z oy e 2G| S, =0
d¢ 2727’}’106' 4 P

for Ap/p=10-+ SCT=6300 turns, which is ~1 msec.

RF on: (Ap/p)z (Ap/p)max-cos(vz -go)
|dea of using the RF cavity was expressed long time ago by many
authors, for instance [ A.P. Lysenko et al., Part.Accel. 18, 215 (1986) ].

— 2
2
ExL . A
d *S;Z n eLx 0217’ 2G(_pj °COS(VZ'(0) SZ:()
do 2mmyc”y P ) max

The spin swing in a rapidly oscillating field with RF frequency and it is
bounded within a very narrow angle ~10¢ dependent on ®max~ (v /v. )
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RF on: Second order approach of spin tune versus Ap/p

However, in the second approach versus momentum the average tune
spin is not zero

— 2 — ) 2
. EL .. A 14372 A ExL... 143 A
v :ex—czlr. ZG—p-cos(VZ-(p)— + 27/ GL_pj .cos? (v, -p)| = ehx CZW At 27/ Q(_pj

2mmgc”y p 4 p 2mmgc”y 4 2 P ) max

max

At (Ap/p)max=10-+ and an axial
particle the number of turns for ot
SCT is ~6 107 turns, that is ~180 sec. -

n2=g73pm0.1 ——

spin drift term

-5e-06

i

-1e-05

L] L] L] L] L]

The code COSY infinity simulation ————*= l Tﬁuﬁ o
o ramr—spin o5Gilafion PR et
£a06 A Ej,‘ i
o0 E'Q v,V
- nq\ﬂ WA» RN
2808 v i ’ 3
ﬁ Py V 0 -50 o 16\1 ’ o 200

ration between longitudinal and spin tune

Tume
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Off-axial particle: Longitudinal-transverse coupling i sz
electrostatic storage ring

The electrical deflector has the central field symmetry:

a
E oc —
rl’l

where angular momentum M = my gr = const

Due to this fact the total energy can be represented as the function of
the coordinates :

M2
~+olr)

W(r, i) =252 4
2 2mr

The radial motion | Imensional motion in the field with the
effective potential, and the equilibrium radius: R, oc M”
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Off-axial particle: influence on spin motion

The particle with different momentum oscillates with respect to
different energy levels:

A dWW
050

dww soos0z 5}7

r

COSY infinity tracking results
for initial coordinates x=0, y=0 and x=3mm, y=0.

Thus, RF cavity will not be able to reduce the oscillation of the
spin for off-axial particles, since:

eExL 5

Cll" G
727710027/ pP

VSZ
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Equilibrium energy level modulation as method to
increase SCT

Following physical logic the only solution to increase SCT is the
modulation of the energy level itself relative of the magic level.

For this purpose, we have increase coupling between longitudinal
and transverse motion that is, approach frequencies as close as
possible to each other. In result we have got SCT=400 sec

dw A
w

sk

COSY infinity tracking results
for initial coordinates x=0, y=0 and x=3mm, y=0.
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Spin tune aberration vs momentum and axial

deviation
Assuming violation “magic” condition for non-reference particle the spin

tune aberration is defined:

ov, = © =0 21 -G |-L E. 1+éZ‘”b+5E"
27mmce y. —1 L, FE.

o) 2
with & 21 _G :—ZGAp+1+327/ G[A—pj +o
y- -1 Py p

2
A A
éZlorb = -—p+a2 (—pj +...
Lorb p

2
éEx = _kl i + kz(ij + ...
E, R R
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Spin tune aberration vs momentum and axiat< "

deviation

Grouping the coefficients of powers up to second order, we
obtain an equation having a parabolic form :

2
5VS = eLOl”bEsz ) [F2(alaklak29;j : (%J + 2Pi(k1,k29%j ) Ap]

27mmygyc p p

with coefficients having a parabolic dependence on axial
deviation

2 2 2 2
Fz(abkbkz,ij:Hiy kz(ﬁj —1+327/ k1£+5y > 1—2051
R y R y Ry

2

X X X

| ki, ky,— |=—k—+ky| —
NI
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Spin tune aberration Jv_ vs %p and X

Convex surface, or concave surface depends on the sign of £,

]‘ti

A’A‘L /\

s Ap/px 107
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Two steps to minimize the spin aberrations

- The lattice with a compensation of the mutual
influence of deflector parameters  k,,k, and lattice
parameters Q,

- The lattice must provide the alternate change of the
spin aberration surface from concave to convex and
vice versa
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First step

The maximum flatness of spin aberration surface is reached

by choice of parameters of deflector k1 , k2 and a1
momentum compaction factor.

After optimization: k& =0.94,k, =0.96 0=0.6
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Electrostatic lattice consisting of electrostatic
deflectors and electrostatic quadrupoles

2 Beta&Disp 11

Figure: Twiss functions of electrostatic ring for ring and one cell
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Method realization

Question is how to customize the required k1 , k2 ?
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Second step: alternating spin aberration method

The ring is equipped with two types of deflector with

ki;k,=k, +ok and [k;k,=k -0k
changing from one deflector to another.

- In such optics is easier to achieve minimum spin aberration

- Raising the field strength between the plates in even deflectors
and reducing in the odd deflectors it effectively adjusts the
required coefficients k1 and k2. It allows to adjust the spin of

aberration to minimum.

23. August 2012 Folie 28



#) JULICH

FORSCHUNGSZENTRUM

Alternating spin aberration method

Another possibility is the creation of the required potential distribution due
to potential changes in stripline deposited on the surface of the ceramic
plates. 56

//\

or
e

Such plates may be the additional corrective elements placed on the
sides of the main deflector
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The limit capabilities of alternating spin
aberration method

The spread due to final Ap/p it is impossible to remove
completely using the correct k1 and k2 only. Nevertheless
the total spread of spin deflection angle does not exceed
+0.5 rad after billion turns, which one corresponds to a SCT
about 5000 seconds.
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Tracking results:

We used differential algebra methods realized in COSY Infinity and
integrating program with symplectic Runge-Kutta methods.

1. Cylindrical deflector: after 10° turns S, ..~0.002 thatis SCT~500

SeC

Xrms

2. Alternating k, deflector: after 10° turns S, ,.=0.0002 that is

SCT~5000 sec

Xrms
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Conclusion:

-we have studied the behavior of spin aberration in the structure and
developed techniques to minimize it;

-one of the most effective methods is the alternating spin aberration;

-the analytical model allows finding the general solution of the
retention of aberrations within the values allowed SCT to have about
5000 seconds confirmed by COSY-Infinity.

-3D shape deflector
-spin-orbital tracking in 3 D deflector
-including B field

23. August 2012 Folie 32




<<
  /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


