Russian Particle Accelerator Conference RUPAC’2018

Optimum Luminosity of Proton-lon Collider

Igor Meshkov
JINR, Dubna

IHEP, Protvino
October 1 -5, 2018



Outlook

Part I. Luminosity of a symmetric and an asymmetric colliders
Part Il. How to find optimal values of collider parameters

1. Limitation of collider parameters by beam space charge effects

2. Optimization of luminosity of a collider

Part lll. Three numerical examples: NICA collider in the mode of

3-1. proton-ion colliding beams (asymmetric mode)
3-2. Au x Au colliding beams (symmetric mode)
3-3. proton-ion colliding beams (symmetric mode)

Conclusion

]

Z

RuPAC’2018 Igor Meshkov  Optimum Luminosity of Proton-lon Collider

AEY



Part I. Luminosity of a symmetric and an asymmetric colliders

1. Luminosity of a symmetric collider (well-known formula):

. nbuncthNZfO
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Here we are using:
&,y — X, y-emittances of two bunched colliding beams of gaussian density
distribution,
B7 - beta-function value in IP (Interaction Point),
n,.ncn — NUMber of bunches in each of the two beams,
N, , — particle number in each bunch of both beams
o, — bunch length (o-parameter) of both beams,
F..c.— parameter of so called Hour glass effect (accounting
relation of B uno,).

]
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Part I. Luminosity of a symmetric and an asymmetric colliders

2. Luminosity of asymmetric collider with common system of final

t 3
focus™: _ NpunchN1N2fo
L = - Int,
(2205105,

2)
1[ n? VE? (
ool 4[5 (229)

(£x1Bx1(&,M) + €x2B2(E, 1)) (€y1By1(f» n) + &2B (&, 71))

Intzfoodfjoodn
R

Here V=1 + (vyv,), v{ > 0, v, <0 for colliding beams and v, > 0
for merging beams . Indices 1, 2 indicate parameters of the
bunches of the 15t and 2" colliding beams and values of the beta-
functions for them. The last ones differ if the lenses of the final
focus are common for both colliding beams and the particles differ
by one, at least, parameter like charge, mass, momentum, etc.

*) See details in the Reference
[1] I. N. Meshkov, Luminosity of a Collider with Asymmetric Beams, Phys.Part. Nucl.
Lett., 2018, 15, No. 5, pp. 506—509. N



Part I. Luminosity of a symmetric and an asymmetric colliders

2. Luminosity of asymmetric collider with common system of final
focus (continued)

Since beta-functions are proportional to the particle magnetic
rigidity, one can introduce the parameter of relative magnetic

rigidity
(3)

1 =B;1=P1.Zz
* B, Z; p:

Here p, , are particle momenta, Z, , are their charge numbers.

From second ratio in Formula (3) follows the equality:

Mg = Ay
We note, the parameter A depends, generally speaking, on
particles energy (momenta).

Beta-functions B, ,( ) depend on two parameters — longitudinal
coordinates of colliding particles £ and 7 in the moving reference
system of one of colliding bunches (see Ref.[1]).




Part I. Luminosity of a symmetric and an asymmetric colliders

2. Luminosity of asymmetric collider with common system of final
focus (continued)

Formula (3) is simplified if the circumferences of the rings are
equal. Then, from the synchronization condition follows:

v1 — v2 °
Therefore the A is constant (does not depend on energy):

Azﬂ.éz‘qlm"’hvl. Z; _4 23 (4)
Zy p; Z,y A,myy,v, Zy Ay
_ 1 _ v
Y= P
—(NICA
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Part I. Luminosity of a symmetric and an asymmetric colliders

2. Luminosity of asymmetric collider with common system of final
focus (continued)

Further we consider a simplified case of similar parameters of
two colliding beams and lattice of two rings:

C1=C32 = Cring, Qx1= Qy1 = Qx2 =02 =0Q . (5)
V1=V3, €x1 = Ex2 = Ey1 = &y = §, 051 = Oy (6)

In this case, the formula luminosity for asymmetric collider (2)
takes the form:

NN d
L :nbztcg/leffo Je—xz _ 1)( _ (7)
1 [1+(ai-x>]+zll+(a-ai-x)]

&
—(NICA
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Part Il. How to find optimal values of collider parameters

1. Limitation of Collider Parameters by Beam Space Charge Effects

The choice of the parameters of the collider is determined to a large extent by the
stability conditions of the beams circulating in the rings of the collider. The strongest
limitations are the effects of the space charge of the beams - the so-called "Laslett effect"
and the “beam-beam effect". Both of them lead to shifts in the frequencies of betatron
oscillations of particles in the collider focusing system, bringing them closer to the
frequencies of the nonlinear resonances of particles 1 colliding with a bunch of particles
of the colliding beam 2.

For beams with a Gaussian distribution of the particle density along the transverse
(x, y) and longitudinal (s) coordinates, this shift Aq, is (oscillations in the x-coordinate)
for the Laslett effect:

A Ly i s
1 = N1 Qyq, a, = '
Ay Ampiyiea V2mog (8)

and for the beam-beam effect:

17, _ T'p (B1) 1+B1P2 ( 0s1>
= “No-b« b= L U (1 4951
$12 Aq 2 T L™ 2m)3/2B1y16x2 B;  B1tB2 T

s—(NICA

RuPAC’2018 Igor Meshkov  Optimum Luminosity of Proton-lon Collider



Part Il. How to find optimal values of collider parameters

1. Limitation of a Collider Parameters by Beam Space Charge Effects (Contnd)

In Formulas (9), (10) r, = 2.818 cm is the classical radius of the proton, B,, B, is the
particle velocity in terms of the speed of light, y, is the Lorentz factor of the particle 1,
€., &, are the emittances of the bunches 1 and 2 in the x-coordinate, o ,, G, are the
longitudinal "sigma" dimensions of their clots, (B,,), (B,,) are average values of betatron

functions of collider rings: Ci2
(Br12) = gra— 1o

2mQx1,2’
C,, are the circumferences of the rings, Q,,, are their betatron numbers (number of
betatron oscillations per revolution of the particle in the ring). The values of the
parameters Aq, and &,; for the entercounting particles are obtained by changing the
indices 1 22.

The betatron shifts Aq and § depend on the energy of the particles through the Lorentz
factors B and y.
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Part Il. How to find optimal values of collider parameters

1. Limitation of a Collider Parameters by Beam Space Charge Effects (Contnd)

In Formulas (9), (10) r, = 2.818 cm is the classical radius of the proton, B,, B, is the
particle velocity in terms of the speed of light, y, is the Lorentz factor of the particle 1,
€., &, are the emittances of the bunches 1 and 2 in the x-coordinate, o ,, G, are the
longitudinal "sigma" dimensions of their clots, (B,,), (B,,) are average values of betatron

functions of collider rings: Ci2
(Br12) = gra— 1o

2mQx1,2’
C,, are the circumferences of the rings, Q,,, are their betatron numbers (number of
betatron oscillations per revolution of the particle in the ring). The values of the
parameters Aq, and &,; for the entercounting particles are obtained by changing the
indices 1 22.

The betatron shifts Aq and § depend on the energy of the particles through the Lorentz
factors B and y.

The sum of the shifts Aq + € = AQ usually serves to estimate the stability
of the particle beam in the collider. It is well known from practice that the
intense beam is stable (under other fulfilled conditions), if

AQ < 0.05 (11)

o
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Part Il. How to find optimal values of collider parameters

2. Optimization of Luminosity of a Collider

When choosing the optimal values of the parameters of the collider beams, one could,
apparently, write down two equations

Aqq +¢$12 = AQq, (12)

Aq; +$21 = AQ2, (13)
and require to meet condition (11) for both beams: AQ,, AQ, < 0.05.
Then, substituting here the values of Aq (9) and § (10), we obtain a system of two
algebraic equations with respect to the unknowns N; and N ;:

2

%alNl Z;ZZ blNZ = AQ]_ R (14)
21 Z

ZZ

a, AN, +—— A, 2byNy = AQ, . (15)

(Note that these equations are iconnected through the beam-beam effect
parameters §,, and §,,.) However, when trying to solve the "forehead" of this
system of equations, it turns out that for certain valuesof the particle energy the
determinant of the system drops down to zero, which means that here no
solution exists. Therefore, optimization of the parameters of the beams must be
made, starting from

physical and obvious mathematical considerations.

(NIcA
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Part Il. How to find optimal values of collider parameters

2. Optimization of Luminosity of a Collider (Contnd)

First of all, we assume that the collider rings and their focusing structures meet the
conditions (5). We will also assume that the colliding beams 1 and 2 are "tuned" in such a
way that they meet the conditions (6), and their Laslett shifts are equal each other:

Aq, = Aq; = Aq (16)
Then the number of particles in the bunches of these beams satisfies the
equality (see (8))
—N.=—"2%N 17
1, V=7 N (17)
We note also that the ratio of the parameters £, and &,, (see (3), (4), (17)) is equal to A:
@:&("’2).3’5221./‘2 L 8
$21 41 \N1) B, Ay Z, A (18)
and the parameters Aq and £, are not independent, but (see (8), (9)) related by
the equality

Aq a4 Q B3

§12 Abz B r2(1 + B2 o, L 19

AN
ERm I
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Part Il. How to find optimal values of collider parameters

2. Optimization of Luminosity of a Collider (Contnd)

Now equations (12), (13) are completed by equations (18), (19) and the whole
system of four equations reduces to two:

1

Aq (1 + 5) = AQq, (20)
A

Aq 1+E = AQ, . (21)

Hence it follows that the shifts AQ, and AQ, are not independent parameters!

Having chosen the value of AQ,, we unambiguously determine the values of Aq

and AQ,:

_n _ A+q

13
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Part Il. How to find optimal values of collider parameters

2. Optimization of Luminosity of a Collider (Contnd)

Now equations (12), (13) are completed by equations (18), (19) and the whole
system of four equations reduces to two:

1

Aq (1 + 5) = AQq, (20)
A

Aq 1+E = AQ, . (21)

Hence it follows that the shifts AQ, and AQ, are not independent parameters!

Having chosen the value of AQ,, we unambiguously determine the values of Aq

and AQ,:

_n _ A+q

Hence it follows that the shifts AQ, and AQ, are not independent parameters!

When A4q is defined one can calculate
the values of N, from (8) and then N, from (17).

It allows to calculate luminosity L by Formula (7) (see the next paragraph).
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PART Ill. NUMERICAL EXAMPLES

Three examples of calculation of optimal parameter values of hadron colliders

The parameter values of these collider rings
chosen according to the NICA project:
CRring = 503 m, Q, = Q, = 9.44,(B) = 8.48 m, B;,,, = 60 cm, nyy,cp, = 22,
o, =60cm,e =1.0 t- mm - mrad
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PART Ill. NUMERICAL EXAMPLES

Three examples of calculation of optimal parameter values of hadron colliders

The parameter values of these collider rings

chosen according to the NICA project:

CRring = 503 m, Q, = Q, = 9.44,(B) = 8.48 m, B;,,, = 60 cm, nyy,cp, = 22,

o, =60cm,e =1.0 t- mm - mrad

SYMMETRIC MODE OF THE NICA COLLIDER: AuxAu BEAMS
lons: 19’Au’°+, E. = 1.0 - 4.5 GeV/u , AQ1= 0.05 (the value is set);

AQ3(E;) = Aq (E;) + §21 (Ey)

In this coincidence of both lines,

there is nothing surprising because

Formulas (1) and (7) at conditions

(5) and (6) are identical.

1x10%
1027
26
1x10
L.opt(E.i) 8
L.control(E.i) 25
L 1x10
{I
1024 24
1x10
1 1.5
1
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PART Ill. NUMERICAL EXAMPLES

Three examples of calculation of optimal parameter values of hadron colliders

The parameter values of these collider rings
chosen according to the NICA project:
CRring = 503 m, Q, = Q, = 9.44,(B) = 8.48 m, B;,,, = 60 cm, nyy,cp, = 22,
o, =60cm,e =1.0 t- mm - mrad

SYMMETRIC MODE OF THE NICA COLLIDER: AuxAu BEAMS
lons: 7Au’®+, E, = 1.0 — 4.5 GeV/u, AQ1= 0.05 (the value is set);

AQ2(E;) = Aq (E;) + §21 (E;)
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Three examples of calculation of optimal parameter values of hadron colliders

The parameter values of these collider rings
chosen according to the NICA project:
CRring = 503 m, Q, = Q, = 9.44,(B) = 8.48 m, B;,,, = 60 cm, nyy,cp, = 22,
o, =60cm,e =1.0 t- mm - mrad

SYMMETRIC MODE OF THE NICA COLLIDER: AuxAu BEAMS
lons: 7Au’®+, E, = 1.0 — 4.5 GeV/u, AQ1= 0.05 (the value is set);

AQ2(E;) = Aq (E;) + §21 (E;)
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PART Ill. NUMERICAL EXAMPLES

Three examples of calculation of optimal parameter values of hadron colliders

The parameter values of these collider rings
chosen according to the NICA project:
CRring = 503 m, Q, = Q, = 9.44,(B) = 8.48 m, B;,,, = 60 cm, nyy,cp, = 22,
o, =60cm,e =1.0 t- mm - mrad

ASYMMETRIC MODE OF THE NICA COLLIDER: Auxproton BEAMS
lons: 7Au’®+, E, = 1.0 — 4.5 GeV/u, AQ1= 0.05 (the value is set);

AQ2(E;) = Aq (E;) + §21 (E;)

1x10%° —
1028 '.I-j?'o-'g As can be seen, Formula (1)

o overestimates the luminosity

27 . . .
L_Opt(E_i) I1x10 7;’ of such a ion-proton collider.
L E >
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PART Ill. NUMERICAL EXAMPLES

Three examples of calculation of optimal parameter values of hadron colliders

The parameter values of these collider rings

chosen according to the NICA project:
CRring = 503 m, Q, = Q, = 9.44,(B) = 8.48 m, B;,,, = 60 cm, nyy,cp, = 22,
o, =60cm,e =1.0 t- mm - mrad

ASYMMETRIC MODE OF THE NICA COLLIDER: Auxproton BEAMS
lons: 7Au’®+, E, = 1.0 — 4.5 GeV/u, AQ1= 0.05 (the value is set);

AQ2(E;) = Aq (E;) + §21 (E;)

As can be seen, Formula (1)
overestimates the luminosity
of such a ion-proton collider.

This asymmetric mode is planned
for the NICA project.
The estimates show the project

$ value can be reached in the NICA
project.




PART Ill. NUMERICAL EXAMPLES

Three examples of calculation of optimal parameter values of hadron colliders

The parameter values of these collider rings
chosen according to the NICA project:
CRring = 503 m, Q, = Q, = 9.44,(B) = 8.48 m, B;,,, = 60 cm, nyy,cp, = 22,
o, =60cm,e =1.0 t- mm - mrad

SYMMETRIC MODE OF THE NICA COLLIDER: protonxproton BEAMS
Proton energy E, = 2.0 - 12 GeV, AQ= 0. 05 (the value is set);

AQ2(E;) = Aq (E;) + §21 (E;)

1><1031 3)(1011
L{E,) 2 5x10" NAE) TNIE)
lx1030 2)(1011 Ip 2l p
1 5%10™
l><1029 lxl()ll
55000
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PART Ill. NUMERICAL EXAMPLES

Three examples of calculation of optimal parameter values of hadron colliders

The parameter values of these collider rings
chosen according to the NICA project:
CRring = 503 m, Q, = Q, = 9.44,(B) = 8.48 m, B;,,, = 60 cm, nyy,cp, = 22,
o, =60cm,e =1.0 t- mm - mrad

SYMMETRIC MODE OF THE NICA COLLIDER: protonxproton BEAMS
Proton energy E, = 2.0 - 12 GeV, AQ= 0. 05 (the value is set);

AQ2(E;) = Aq (E;) + &21 (Ej)
1><1031 3)(1011

LtEp) 2 Exio™

N,(E,) | N,(E,)

lx1030 2)(1011

1 5%10™

l><1029 lxl()ll

55000

1510 0
2 4 6 8 10 12 2 4 6 8 10 12
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This symmetric mode is planned for the NICA project at polarized protons.



Conclusion

The paper presents a self-consistent solution to the problem of
choosing the values of the number of particles in the bunches of
colliding beams, when their intensity is limited by the space
charge of the bunches - the so-called Laslett and beam-beam
effects.

The solution is obtained for the case of fixed emittance of the
bunches and parameters of focusing system of the collider. The
task of forming bunch emittances, taking into account the
influence of IBS and, particularly, using cooling methods, is
beyond the scope of this work.

]
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Conclusion

The paper presents a self-consistent solution to the problem of
choosing the values of the number of particles in the bunches of
colliding beams, when their intensity is limited by the space
charge of the bunches - the so-called Laslett and beam-beam
effects.

The solution is obtained for the case of fixed emittance of the
bunches and parameters of focusing system of the collider. The
task of forming bunch emittances, taking into account the
influence of IBS and, particularly, using cooling methods, is
beyond the scope of this work.

ACKNOWLEDGEMENTS

The author is grateful to Dr. J. Maltseva for fruitful discussions of
the mathematical aspects of the work.

]

RuPAC’2018 Igor Meshkov  Optimum Luminosity of Proton-lon Collider



Conclusion

26



Conclusion

27



Conclusion

28



Conclusion

29




<<
  /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


