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Linear Focusing - Limitations

* The key principle of all accelerator lattices — linear focusing

PP K (9x K9y
S22 2 2
« What about higher order terms?
— Imperfections in magnet construction
— Chromatic aberrations
— IBS
— Wakes
— Beam-beam
— Intentionally introduced multipole magnets (e.g. sextupoles to correct
chromaticity)
 All are aberrations to the initially decoupled system of two
linear oscillators

H!
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Aberrations of Linear Focusing

x"+ K, (s)x = S(s)x? + 0(s)x> + -+

Nonlinearities result in dependence of oscillation frequency
on amplitude

Explicit time-dependence of multipole coefficients results in
resonances

Coupling between x and y further complicates the dynamics

Ultimately, chaos and loss of stability
— Beam blow-up
— Particle loss from accelerator

We call this single particle stability or Dynamical Aperture
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Collective Instabilities

6

In addition to the single-particle chaos, the beam can become
unstable as a whole if resonantly excited by external field or
via self-interaction through environment

These instabilities can be suppressed by

1. External damping system — presently the most commonly
used mechanism to keep the beam stable.

2. Landau damping — the beam’s own “immune system” related
to the spread of betatron oscillation frequencies. The larger
the spread, the more stable the beam is against collective
instabilities.
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Landau Damping of Collective Instabilities

COLLIDING BEAMS: PRESENT STATUS; AND THE SLAC PROJECT*

B. Richter

Staniord Linear Accelerator Center
Stanford University, Stanford, California 94305

The discovery in the early '60's at the Princeton-
Stanford ring of what was thought to be the resistive wall
instability brought the realization that circular accelerators
are fundamentally unstable devices because of the interac-
tion of the beam with its environment. Stabilitv is achieved
only through Landau damping and/or some external damping
systom.

* 1965 Priceton-Stanford CBX: First mention of an 8-pole magnet
» Observed vertical resistive wall instability
» With octupoles, increased beam current from ~5 to 500 mA

« CERN PS: In 1959 had 10 octupoles; not used until 1968

- At 102 protons/pulse observed (15t time) head-tail instability. Octupoles helped.

- Once understood, chromaticity jump at transition was developed using sextupoles.

- More instabilities were discovered; helped by octupoles, fb
- LHC has 336 octupoles that run close to 500A to create 0.001 tune spread
- FCC will require ~ 20,000 octupoles to retain stability
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Intermediate Summary

 All present machines are built around concept of linear
focusing

— Nonlinear aberrations ruin beam quality and particle stability

— Nonlinear aberrations are intrinsic to charged particle beams
and scale with beam brightness

— Nonlinearities must be introduced to maintain beam’s own
Immunity to coherent instabilities through Landau damping

« Can we attempt a major paradigm change to leave the linear
focusing?

— Let us build machines that are nonlinear by design but stable
(like Solar system)

— Easier said than done...
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History of Search for Stable Nonlinear Solutions

e Orlov (1963)
« McMillan (1967) — 1D solution

« Perevedentsev, Danilov (1990) — generalization of McMillan case to 2D,
round colliding beams. Require non-Laplacian potentials to realize

— Implemented at VEPP-2000 collider at BINP (Novosibirsk, Russia)
commissioned in 2006. Record-high beam-beam tune spread 0.25
attained in 2013

« Danilov, Shiltsev (1998) — Non-linear low energy electron lenses
suggested to fight beam-beam

— Demonstrated at RHIC in 2015/16. Beam-beam tune spread
0.01—0.02. Luminosity improved by 50-100%

« Danilov, Nagaitsev (2010) — Solution for nonlinear lattice with 2 invariants
of motion that can be implemented with Laplacian potential, i.e. with
special magnets — Phys. Rev. ST Accel. Beams 13, 084002 (2010)
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Invariants of Motion

Let us return to the linear Hamiltonian (note x and y separate)
piAp, KX K(9)y

H'~
2 2 2

One can transform to normalized variables

S dz X L'(s)x

- — i Xy = = pB(s) —

Y jo 5 new time ’_ﬁ(s) ’—ﬁ(S)
Equations of motion become that of linear oscillator
d*xn ., [ 1 p
dl/)z + Q Xn = 27_[ PnXn

And Hamiltonian  H = QI + @41,

has two invariants (Courant-Snyder invariants, or actions)
Motion is 2D integrable

2= Fermilab
10 5/20/18  Valishev | HB 2018



Stability of Hamiltonian System

* Nekhoroshev (1971) studied which systems are more stable to
perturbations

Russian Math. Surveys 32:6 (1977), 1-65

From Uspekhi Mat, Nauk 32:6 (1977), 566 1.1 Neary-integrable Hamiltonian systems. Perpetual stability and stability

during finite intervals of time. In this article we investigate the behaviour of
the variables J in the Hamiltonian system of canonical equations

i * aff

I_,,___'_ —

=%y =5

AN EXPONENTIAL ESTIMATE OF THE with the Hamiltonian
TIME OF STABILITY OF NEARLY.INTEGRABLE 4 4 H = Hy (1) + e, (1, o),
HAMILTONIAN SYSTEMS where e< 1 is a small parameter, the perturt_ration_ elfy (I, ¢) is
N.N. Nekhoroshev ?tp;:mfj-nf n} ¥ = 9. ..., %, and [ is an s-dimensional vector,

* He proved that for sufficiently small € 7¢) - 7(0)] = R.e® for 1] = T.exp(e™?)
provided that H,(l) meets certain condition known as steepness
« Convex and quasi-convex functions H,(/) are the steepest

* An example of a non-steep function is a linear function
H = QxI, + ley
» Asteep (convex) function would be g = o [ 2 + aylyz

...but to implement in practical accelerator design, fields must satisfy
Maxwell equations in vacuum
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History of Search for Stable Nonlinear Solutions

e Orlov (1963)
* McMillan (1967) — 1D solution

« Perevedentsev, Danilov (1990) — generalization of McMillan case to 2D,
round colliding beams. Require non-Laplacian potentials to realize

— Implemented at VEPP-2000 collider at BINP (Novosibirsk, Russia)
commissioned in 2006. Record-high beam-beam tune spread 0.25
attained in 2013

« Danilov, Shiltsev (1998) — Non-linear low energy electron lenses
suggested to fight beam-beam

— Demonstrated at RHIC in 2015/16. Beam-beam tune spread
0.01—0.02. Luminosity improved by 50-100%

« Danilov, Nagaitsev (2010) — Solution for nonlinear lattice with 2 invariants
of motion that can be implemented with Laplacian potential, i.e. with
special magnets — Phys. Rev. ST Accel. Beams 13, 084002 (2010)

— I0TA
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McMillan Mapping

SOME THOUGHTS ON STABILITY

y A IN NONLINEAR PERIODIC FOCUSING SYSTEMS
Edwin M. MeMillan
x September 5, 1967
_ _ Bx* + Dx
. 1D — thin lens kick f(x) =——
Ax“+Bx+C
LS' xi = pi—l

pi=—x,+f(x)
1 Ax’p® +B(x2p +xp2)+ C(x2 + p2)+ Dxp = const

« System comprised of two components
1. Accelerator arc, performing a transformation
X =Po,P = —Xo
2. Thin nonlinear lens X = Xo,p = po + f (xo)

This system possesses an invariant quadratic in coordinates and
momenta

However, no solution for 2D with  A@(x,y) = 0
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History of Search for Stable Nonlinear Solutions

e Orlov (1963)
« McMillan (1967) — 1D solution

« Perevedentseyv, Danilov (1990) — generalization of McMillan case to 2D,
round colliding beams. Require non-Laplacian potentials to realize

— Implemented at VEPP-2000 collider at BINP (Novosibirsk, Russia)
commissioned in 2006. Record-high beam-beam tune spread 0.25
attained in 2013

« Danilov, Shiltsev (1998) — Non-linear low energy electron lenses
suggested to fight beam-beam

— Demonstrated at RHIC in 2015/16. Beam-beam tune spread
0.01—0.02. Luminosity improved by 50-100%

« Danilov, Nagaitsev (2010) — Solution for nonlinear lattice with 2 invariants
of motion that can be implemented with Laplacian potential, i.e. with
special magnets — Phys. Rev. ST Accel. Beams 13, 084002 (2010)

— I0TA
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2D Expansion of McMillan Mapping

TWO EXAMPLES OF INTEGRABLE SYSTEMS

y 4 WITH ROUND COLLIDING BEAMS
V.V. Danilov and E.A. Perevedentsev
x Budker Institute of Nuclear Physics, 630090, Novosibirsk, Russia
LST

« 2D - a thin lens solution can be carried over to 2D case in axially
symmetric system

0 B 0 0 ke
Loy oo ol €7 cos(9) 0(r)=——
[c] s]] F; s = sin(¢) ar” +1
~sI ) O 0 0 §B (1 Oj can be created with electron lens
1 —_
—— 0 1
0 0 7 0
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History of Search for Stable Nonlinear Solutions

e Orlov (1963)
« McMillan (1967) — 1D solution

« Perevedentsev, Danilov (1990) — generalization of McMillan case to 2D,
round colliding beams. Require non-Laplacian potentials to realize

— Implemented at VEPP-2000 collider at BINP (Novosibirsk, Russia)
commissioned in 2006. Record-high beam-beam tune spread 0.25
attained in 2013

« Danilov, Shiltsev (1998) — Non-linear low energy electron lenses
suggested to fight beam-beam

— Demonstrated at RHIC in 2015/16. Beam-beam tune spread
0.01—0.02. Luminosity improved by 50-100%

« Danilov, Nagaitsev (2010) — Solution for nonlinear lattice with 2 invariants
of motion that can be implemented with Laplacian potential, i.e. with
special magnets — Phys. Rev. ST Accel. Beams 13, 084002 (2010)
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Nonlinear Integrable Optics

« We want to build an optical focusing system that

a. Is strongly nonlinear = strong dependence of oscillation
frequency on amplitude

b. Is 2D integrable and stable
c. Can be realized with magnetic fields in vacuum

 Mathematically, that means the system should
— Possess two integrals of motion
— Have steep Hamiltonian
— Field potential satisfies the Laplace equation

* Practical benefits
— Reduced chaos in single-particle motion

— Strong immunity to collective instabilities via Landau damping

2= Fermilab
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Danilov-Nagaitsev Solution (2010)

1. Remove time dependence from Hamiltonian thus making it
an integral of the motion
— One integral already gives a better degree of regularity in the

motion
« Demonstrated with round colliding beams (BINP, 2013), 1/2-integer

working point in colliders (KEK, 2004)
* Crab-crossing at DAFNE (INFN/LNF, 2008)

2. Shape the nonlinear potential to find a second integral

2= Fermilab
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Time-Independent Hamiltonian

e Start with a Hamiltonian

2 2

2 2
P Py X Y
H="2+—"2+4+K(s) —+— |+V(x,p,s

« Choose s-dependence of nonlinear potential V such that H is
time-independent in normalized variables z, =—2

JB(s)
B(s)z
N = IB( -,
P Z NP5 TBG)
p§N+p)2;N x§,+y]2v
H, = o T +ﬂ(l/f)V(xN ﬂ(l//),ym/ﬁ(w),s(w))
2 + 2 2 2
H, :przpyN _|_xN+yN +U(xN>yN> W)

« This results in H being the integral of motion

* Note there was no requirement on V — can be made with any
conventional magnets, i.e. octupoles

2= Fermilab
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Implementation of Time-Independent Hamiltonian

1 Start with a round axially-symmetric linear lattice (FOFO)
with the element of periodicity consisting of

a. Drift L r B(s)

b. Axially-symmetric h
focusing block “T-insert” v[o 0 1 1]
with phase advance n X r i . >

L

2 Add special nonlinear potential V(x,y,s) in the drift

Tue Feb 22 14:40:15 2011 OPtiM - MAIN: - C:\Users\nsergeil\Documents\Papers\invariants\Round lens\quad line1.opt

)N )N )N )N

BETA x Dlsp ><

BETA_X&Y[ml zoo0
DISF'_X&Y[m]
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Henon-Heiles Type Systems

* For example, build V with Octupoles

20000 . : 2.5
octupole m—
beta ---------
~ ‘ 2
\ \ . g 15000 |
K 3 <
V(x,y,8)=——| —+i-=—| % ”
By 4 4 2 2 10000 |
o 1
4 4 g
[ = Xy _|_yN _3nyN g 5000 | 05
4 4 2
0 0
0 0.5 1 L5 2
1 I k "
H==(p>+p)+—(x*+y)+=[x" + y* —6xy?)
2 2 4
’ Only one Integral of motion — H S. Antipov, S. Nagaitsev, A. Valishey,
* Tune spread limited to ~12% of Q, JINST 12 (2017) no.04, P04008
2& Fermilab
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Performance of Octupole Henon-Heiles System

QY

0.285 ' ' ! " 0.31 QX 0. 15.

* While Dynamlc Aperture is limited, the attainable tune spread
Is large ~0.03 — compare to ~0.001 created by LHC octupoles

* By implementing such system, one can already gain in beam
Immunity to coherent instabilities by 10-30 times

0.285
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2"d Integral of Motion — Special Potential

* Find potentials that result in the Hamiltonian having a second
integral of motion quadratic in momentum

— All such potentials are separable in some variables (cartesian,
polar, elliptic, parabolic)

— First comprehensive study by Gaston Darboux (1901)
 Darboux equation
xy(Uxx —Uyy)+(y2 —x’ +02)ny +3yU, -3xU, =0

— General solution was found, which satisfies the Laplace equation (Phys. Rev.
ST Accel. Beams 13, 084002, 2010)

FMA fractional tunes

+ 10 oo .0
Uy = L £ | |
5 _77 1 Large amplitudes

F© - EfF i@ rracosh@) v |

g,(m) =ny1-n* (b +racos(n))

Small amplitudes

. 0.5 |  (0.91,0.59) )
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Common Features of these Solutions

1. One begins from a conventional linear lattice accelerator
(specially designed and carefully controlled)

2. The special nonlinear element (Laplacian or E-Lens) is
added to make the lattice integrable.

+ Such approach does not require much new technology — a
significant portion of accelerator circumference is made with
common quadrupoles and dipoles

— All approaches rely on the accelerator arc lattice being linear
and precise in phase advance and beta-functions

— Chromaticity, space-charge, nonlinearities — all ruin this
requirement

« Experimental verification is desired — IOTA at Fermilab

2= Fermilab
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Integrable Optics Test Accelerator

« Adaptable
— Can operate with either electrons or protons
— Large aperture
— Easily reconfigurable — quick-change experimental equipment
— Significant flexibility of the lattice

* Accurate
— Precise control of the optics quality and stability
— Comprehensive set of precision instrumentation
— Set up for very high intensity operation (with protons)

« Affordable
— Cost-effective solution, re-use existing parts whenever possible
— Mostly based on conventional technology (magnets, RF)

— Balance between low energy (low cost) and research potential

2= Fermilab
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|IOTA Layo
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|IOTA Today
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IOTA Parameters

Nominal kinetic energy e: 150 MeV, p+: 2.5 MeV
Nominal intensity e 1x10°, p+: 1x10%
Circumference 40 m

Bending dipole field 07T

Beam pipe aperture 50 mm dia.
Maximum b-function (x,y) 12,5 m

Momentum compaction -0.02 0.1

Betatron tune (integer) 3+5

Betatron tune chromaticity -15+0

Transverse emittance r.m.s. e: 0.04 um, p+: 2um
SR damping time 0.6s (5%10° turns)

RF V,f,q e: 1kV,30MHz, 4
Synchrotron tune e: 2x10* + 5x10*
Bunch length, momentum spread e: 12 cm, 1.4x10*
Beam lifetime e: 1 hour, p+: 1 min

2= Fermilab
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Fermilab Accelerator Science and Technology

FAST facility

Low Energy Beamline (~25 m)

it

High Energy Beamline (~100 m)
L,

=

100
102

(3] N <
o NN
s - -

125

Low Energy Transport
(20 - 50 MeV e7)

eou Y G _

Cryomodule (CM)

& Spectrometer
Chicane Magnet Low Energy
(Bunch Compressor) Absorber

FAST SRF e- linac

a1 cc2

Bunch charge upto2nC

Gun gradient 45 MV/m

CC1 gradient 26 MV/m

CC2 gradient 15 MV/m

CM2 gradient up to 31.5 MV/m
Beam energy 150 (up to 300) MeV
Bunch length 6-8 ps (rms)

Pulse length 1 ms

Bunch freq. 3 MHz

Rep. rate 1 Hz (5 Hz)
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High Energy Transport & Test Line (40-300 MeV)

N

HINS P Source

2.5MeV P Transport

I0TA Ring
150 MeVe/2.5MeVp

FAST proton injector

Particles
Kinetic Energy
Momentum
p

RF Structure
Beam current
Emittance
Rep. rate
Pulse length
AQ,. in IOTA

proton

2.5 MeV

69 MeV/c
0.073

325 MHz

10 mA

0.3 mm mrad
1 Hz

1.5 us

-0.5

High Energy
Absorber



IOTA Science — Nonlinear Optics and Beyond

1.

2.

30

Nonlinear Integrable Optics — Experimental demonstration
of NIO lattice in a practical accelerator

Optical Stochastic Cooling — Proof-of-principle
demonstration J.Jarvis, TUP2WAO1

Space Charge Compensation — Suppression of SC-related
effects in high intensity circular accelerators

— Nonlinear Integrable Optics

— Electron lenses

— Electron columns C.S.Park, B.Freemire, WEA2WAO4
— Circular betatron modes

Electron Cooling — Advanced techniques
Quantum Physics — single electron wave function

2= Fermilab
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IOTA Staging

e Phase | with electron beam will concentrate
on the academic aspect of single-particle

motion stabllity using e- beams

— Demonstrate large amplitude-dependent detuning

— Machine tuning must be at the state of the art level to
satisfy integrable optics requirements

— e- beams best for the purpose

* Phase |l — After commissioning with e-, we will
move the existing 2.5 MeV proton/H- RFQ to
FAST to inject protons into the IOTA ring

— Opens the way for intense-beam studies

2= Fermilab
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IOTA/FAST Collaboration

e 29 partners
— Theory
— Modeling and simulations
— Experiments at FAST

* At this workshop

— Radiasoft
— LBNL

7‘

5t Annual IOTA/FAST CM 2017




Radiasoft:
Equal vertical and horizontal chromaticities
help preserve invariants

1 TS S A .
Hp_nN = 5 (vo + Co(9)) (p?c + 72 +p§ + yz) + troV(x + D, (6),9) +
Lo 9 A2 | A2 Co(0) = 9 -
Ca(0)5 (P2 +2%) — (By +9°)]
2 Cy —Cy
“ -~ J CA((S) —
AH 2
The off-momentum Danilov-Nagaitsev Physical intuition suggests:
Hamiltonian predicts: * adiabatic synchrotron motion will
* equal chromaticity will give integrable cause the invariants to oscillate with
motion; the synchrotron frequency
* dispersion modifies the invariant, but does ¢ the invariants will behave worse when
not break integrability the difference between the

chromaticities increases

A\radiasoft
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Radiasoft:
Synchrotron motion with chromaticity causes
invariants to oscillate at the synchrotron frequency

Simulated chromaticity for one RCS cell

R I~ 0.2 1
0.02 g
g Q 0.0
é 0.00 %
[ -0.2 -
g CA ~U -001 T T T T T T
| T
© 0.020 A
oo Ch ~ .01 g
mooos _g.roaocztional Momeoﬁ(t)\?gw Deviation gb(;()pz o008 E 0'015 -
I
chromaticity for an integrable RCS lattice, with regions
of almost equal and unequal chromaticities —
©
E 3.8 -
Parameter Vaue -
Periodicity 12 IE 3.6 -
Betatron Tune 21.6 = , , , : , ,
Synchrotron Tune 008 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Phase-advance over insert | 0.3~ 20 period number xvs
Nonlinear Strength t-value 0.3 variation of the invariants of motion with the synchrotron tune,
Elliptic Distance cva ue 0.14 m1/2 with worse behavior in the region of unequal chromaticity
Lattice parameters for an integrable RCS. ﬁ\\ radiasoft
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C.Mitchell, LBNL

Tracking in the IOTA Lattice with Space Charge for AQ =-0.03:
First 700 Turns

Evolution of the standard deviation of the two invariants of single-particle motion for 700 turns.

First invariant Second invariant
1 . - : - : 0.35
0-9 nonlinear 0.3 -
< 0.8] Gaussian (A=5) : § nonlinear
— 0.7 —0.25 Gaussian (A=5)
T 05 | A
= nonlinear =
= 04 Gaussian (A=3) | = nonlinear
<]b > 1 & o1 Gaussian (A=3)
0.2 nonlinear 1 <
01} waterbag (A=0) | 0.05 nonlinear
0 . . | | . | waterbag (A=0)
1 2 4 5 ¥ i 0 ' s . s : .
0 00 o Tﬂ?g num%%,— o G0 0 0 100 200 300 400 500 600 700

Turn number

In all cases, <H> = 4 mm-mrad. Growth during the initial period of nonlinear mixing and phase
space filamentation (turns 1-100) appears to depend only weakly on the cutoff parameter A.

* The time scale for this initial mixing decreases with increasing A\, as larger-amplitude particles in
the tail contribute to stronger nonlinear damping.

7\ pan s o onng | Office of ACCELERATOR TECHNOLOGY & j
m:m\ylﬂ 2/ ENERGY | science appuieo prvsics ovision - A% 3 A P2




Beam Physics Experiments at Fermilab

36

We invite collaborators to propose high-brightness and high-
Intensity research that can be carried out at Fermilab’s
machines

Studies at main FNAL machines can be organized in 1-2
week blocks during regular operations in 2019

— Booster

— Recycler

— Main Injector

FAST machines will be available ~6 month/year

— FAST SRF e- linac

— |OTA

2= Fermilab
5/20/18 Valishev | HB 2018



Summary

* Nonlinear integrable optics may pave the way to higher
brightness beams through improved stability of single-particle

dynamics as well as stronger Landau damping
 Fermilab’s IOTA is a flexible machine for accelerator R&D
— Nonlinear integrable optics
— Space-charge effects and their suppression
— Optical Stochastic Cooling

* |OTA s nearing completion — commissioning in Aug. 2018,
first research Sept.-Dec. 2018

« We invite collaboration on bright beams making use of
Fermilab’s accelerators

2= Fermilab
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Nonlinear Optics Magnet RadiaBeam Technologies

e i W |

2= Fermilab
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IOTA Electron Lens

« Capitalize on the Tevatron experience and recent LARP work

* Re-use Tevatron EL components:
— Removed TEL-2 gun & collector from Tev tunnel

. . 150-MeV
— Refurbishment in progress circulating
beam

1. Field-line mapping

2.Single-particle Electron gun

0.5 03

tracking
3. Tracking with space TA@5 KV
04 0.25
charge .
_ 4.Field maps for 5-keV :‘fa,@
°* S tracking of electron A\
§ circulating beam beam '
0. 0.15 ; oo
Noll and Stancari,/\
o o1 arXiv:1511.04507 Main solenoid
8 I=1275A |=1.7A 1=255A 1=34A WA OSSTerId
0
f; 0.7 m length
2
01 g 0
03 k > 2
oy y Collector
-8505505505-505505505 2OkW
x [mm]
£& Fermilab

39 Valishev | HB 2018 5/20/18




<<
  /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


