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 1964-66 BNL linac
« 1969 Japan National Lab
for High Energy Physics

— 12 GeV proton
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THE FIRST MEETING OF THE US-JAPAN COMMITTEE ON

HIGH ENERGY PHYSICS

SLAC - 1979
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Many thanks to those who nominated me and to
many colleagues | had fortune to work with over
many years on the electron lenses, the Tevatron
collider and many interesting and important topics
from beam-beam effects to bent crystal
collimation, ground motion and orbit stabilization,
head-tail instability and super-fast HV pulsers,
future collider designs and construction of IOTA
ring, beam commissioning of the worlds’ best ILC
CryoModule and very fast cycling HTS magnet.

£& Fermilab
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Book (2014)

* A lot of illuminating
material on the beam
physics of supercolliders
can be found in our 2014
book (with Valery

6

Lebedev, eds.)

Below, | mostly
concentrate on the
electron lenses and their
applications
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Particle Acceleration and Detection

Valery Lebedev
Vladimir Shiltsev Editors
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What Can Be Done With Electron Space Charge

JE Earmilah

7 IPAC19 Shiltsev | Nishikawa Prize






Electron Lens

~4 mm dia 2 mlong in 3T solenoid beam of ~10kV
~1A electrons (~10'?) can turn on/off in 0.5 usec

Proton path Bending coils Main SC solenoid BPMs Bending coils Antiproton path

S

Electron beam _
Dipole corrector colls

Gun solenoid

Cathode

Collector solenoid Collector
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Electron Lens

~4 mmdia 2 mlong in 3T solenoid beam of z)kV
~1A electrons (~10'?) can turn on/off jp-£" 'c

‘M

Collector \/

Collector solenoid
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Two Electron Lenses Were Installed in Tevatron

iy Lo

4 - g g
! COLLECTOR ,
SOLENOID

V.Shiltsev, et al, PRST-AB (1997 \
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What Electron Lenses Are Good For (1)

In the Fermilab Tevatron Collider:

“*long-range beam-beam compensation (varied tune shift of
individual 1 TeV bunches by 0.003-0.01);
Shiltsev et al., Phys. Rev. Lett. 99, 244801 (2007) P
“sabort gap collimation (for 10 years in regular operation);qd‘;.
Zhang et al., Phys. Rev. ST Accel. Beams 11, 051002 (2008)
ssstudies of head-on beam-beam compensation;
Shiltsev et al, NJP (2008); Stancatri et al., PRL 107, 084802 (2011)
ss*demonstration of halo scraping with hollow electron
beams;
Shiltsev (2006), Stancatri et al., Phys. Rev. Lett. 107, 084802 (2011)

JE€ Earmilah

IPAC19
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What Electron Lenses Are Good For (2)

Presently used in RHIC at BNL for head-on beam-beam

compensation with significant luminosity gain ~x2 P
Fischer et al., Phys. Rev. Lett. 115, 264801 (2015) Q&
- %
Current areas of research: 3
» hollow electron beam collimation of protons in the HL-LHC; e

Conceptional Design Report, CERN-ACC-2014-0248 (2014)
» long-range beam-beam compensation as current-bearing “wires” in the
HL-LHC
Valishev,Stancari, arXiv:1312.5006; Fartoukh et al., PRSTAB 18, 121001 %‘1 5)
» generation of nonlinear integrable lattices, egin IOTA g
Shiltsev et al, PRSTAB(1997), Nagaitsev, et al., IPAC’12; Stancari et al., IPA O
» 1o generate tune spread for Landau damping of coherent instabilities in ":(s
the LHC, FCC-hh (better than 10,000 octupoles), FNAL Recycler
Shiltsev (2006), Shiltsev, Alexahin, Burov, Valishev PRL (2018)
» 1o compensate space-charge effects in modern RCSs
Burov, Foster, Shiltsev (2000), Stern et al, IPAC’18

JE€ Earmilah

» versatile applications depending on e-beam profile + pulsing



Book (2017)

Particle Acceleration and Detection

Let me discuss here just one
example: compensation of space-
charge effects by electron lenses [T

chm"ge E I e Ct rO n
o J et force: Lenses for
Super-

e(E-pB)=¢cE/y?
cE

et S (0lliders

I, across the beam

adding 1/y e- 9 Springer

PIC simulations by E.Stern, et al (FNAL)



1000 Turns in a Ring with dQ,=-0.9

Case #1

. Focusing

X Defocusing

JE Carmilah
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1000 Turns in a Ring with dQ,=-0.9

Case #2

]

1% error

' Focusing

X Defocusing

JE Carmilah
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1000 Turns in a Ring with dQ,=-0.9

Case #3

]

[ Electron lens

' Focusing

X Defocusing

1% error

JE Carmilah
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Tune Footprint dQ,~-0.9

300 325 350 375 4.00

no e-lenses
JE Earmilah

Stern et al, THPAFO075, IPAC18, Beams Document 6790-v1 FNAL (2019)




Tune Footprint dQ,~-0.9

no e-lenses ~75% e-lens compensation

JE€ Earmilah

16 Stern et al, THPAFO075, IPACI18, Beams Document 6790-v1 FNAL (2019)




Emittance Growth — Case #1

Nno error, no e-lenses

2.0
— 12 FODO symmetric lattice
1.8 1
1.6
o
¥
W
1.4 -
121
1.0 / . : . .
0 200 400 600 800 1000
turn
—armilah
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Emittance Growth — Case #2

1% error, no e-lenses

2.0

— 12 FODO symmetric lattice
—— 12 FODO one quad 1% error

1.8+

20

El€o

1.4 4

22

1.0

0 200 400 600 800 1000
turn

JE€ Earmilah
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Emittance Growth — Case #3

1% error, 12 e-lenses

2.0
— 12 FODO symmetric lattice
—— 12 FODO one quad 1% error -
181 —— 12 FODO, one quad 1% error, 12 ideal lenses
1.6 -
o
W
W
1.4 1 ‘
L2
1.0 I T T T T T
0 200 400 600 800 1000
turn

JE€ Earmilah
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Particle Losses at 40 — Case #2 and #3

Integrated particle loss

0.25
—— 12 FODO one quad 1% error
—— 12 FODO one quad 1% error, 12 ideal lenses
0.20 A
JLEEE e-lenses
n
O
. reduce
0.10 A
losses
~6 fold !
0.05 A
0.00 —F— . , . , '
0 200 400 600 800 1000
turns

JE€ Earmilah
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Optimal Compensation ~75% (emitt. growth)

100 ' ! ' ! ' ! ' ! ' :

i‘/no compensation |
N RCS Model, SYNERGIA, 16 M :
- Qx’y=3.7/3.8, dQ,.=-0.9, Q =0.08 M
\ 1% lattice error, 12 electron lenses
N E.Stern, et al.
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Optimal Compensation ~70% (beam losses)

RCS Model, SYNERGIA, 16 M

~ Q,,=3.7/3.8,dQ =-0.9,Q=0.08
o~ | | 1% lattice error, 12 electron lenses
~ '%'"""""""'";L """""""" E.Stern, etal. |
2 | | . : :
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|OTA: Integrable Optics Test Accelerator

o E-Lens

QS5C insert

Kickers

Lambertson

Octu Pnles

C=40 m
150 MeV/c e-
and 70 MeV/c p+




|OTA: Integrable Optics Test Accelerator




IOTA/FAST 2018/2019 Research Run

https://fast.fnal.gov/

Real-time image of radiation of a single electron in the IOTA ring, courtesy A.Romano

Nonlinear Integrable Optics

Single-electron tomography

Initial experiments towards Optical Stochastic Cooling, Quantum Science
Higher-Order Mode Measurements in the ILC SRF Cryomodule
Magnetized beam manipulation technique (for the EIC project)
Short-range wakefields studies

IPAC19: Invited talk T.Zolkin (FRXPLS1)+17 posters:
MOPGW113, MOPRB088, MOPGW107 , MOPGW127,
MOPRB089, MOPTS115 , WEPTS068, WEPTS070, WEPTS074,
WEPTS078, WEPTS073, MOPGW109, WEPGW100,
WEPGW163, MOPGW108, THPRB106 ,TUPRB089







Linear u+u- Crystal X-ray Collider

1 PeV =1000 TeV

40TW, 30 1s X—ray
laser pulse

( — sources
. pillary

V.Shiltsev, Physics-Uspekhi 55 (10), 965 (2012)

Crystal accelerator

n,~1000
ng ~100
f., ~108

L ~1030-32

TARGET 25 NAGHET

Crystal

funnel

h i 0,11 Pev TS
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Li ar
il Fermilab, June 24-26, 2019 TeV
| 1000

~100

Workshop on

030-32

Beam Acceleration

in Crystals and
Nanostructures

https://indico.fnal.gov/event/19478/

AR

V.Shiltsev, Physics-Uspekhi 55 (10), 965 (2012)
A

Organized by T. Tajima (UCI) and V. Shiltsev (FNAL)
Proceedings Editors: G. Mourou, V. Shiltseyv, T. Tajima

Endorsed by: APS GPAP, APS DPB, ICFA ANA, ICUIL
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1PACsS Join P
S

Division of Physics of Beams
APS Division of Physics of Beams (DPB) is the world’s largest and
oldest (est. 1985) professional association of accelerator physicists and
engineers. The DPB is a highly respected, international organization,

open to all with interest in the science, technology and applications of
accelerators.

Join us to strengthen the prestige and professional standing of
accelerator physics and influence its future development! To learn more
and sign up - please, see the American Physical Society (APS) table at
this Conference or go to our Web site:

https:/ /www.aps.org/units/dpb/




elebrate Science!— 2019 is UNESCO’s
nt'l Year of Periodic Table (150"™)

Series | Zero Group| Group I Group II | Group ITT | Gronp IV | Group V | Group VI |Group VII
Hydrogen
1 v H=1008
Helium Lithium Beryllinm | Boron Oarbon Nitrogen Oxygen Fluorine
2 | He=40 Li=703 Be=91 B=110 C=120 N=1404 0=1600 F=190
B i iy Da Group VIIT
Neon Sodium | Magnesium | Aluminium Silicon Phosghoms Salphur Chlorine
3 Ne=19'9 | Na=23'05 Mg:M’!‘ Al=270 Si=28+4 =310 8=32:06 Cl=35'46
Argon Potassium Cnlc(nm Scandium | Titanium di Ch M Iron Cobalt  Nickel
4 | Ar=38 K=301 |Oa=401 |[Sc=441 | Ti=481 |V=614 |Or=521 |Ma=550 |Fe=559 Co=569 Ni=59 (Ou)
Copper Zino Galliom | Germanium Arsenic | Selenium Bromine
5 Cu=63'6 Zn=65"4 Ga=700 Ge=72'3 As=750 Se=79 | Br=7995
Krypton Rubidium | Strontium | Yttrium Zimo- niom | Niobium ly h d Palladium
6 | Kr=81'8 Rb=85'4 Sr=87"6 Y =890 Zr=906 Nb=984'0 Mo=96'0 e Ru=101'7 Rh=1030 Pd=106'56 (Ag)
Silver | OCadmium Indinm Tin | Antimony | Tellurium Todine
i Ag=1079 | Cd=1124 | In=1140| Sn=1190 | Sb=1200 Te=127 I=127
Xenon Cmsinm Barium Lanthanum| Cerium
8 | Xe=128 | (s=132"9 | Ba=1374 |La=139 | Ce=140 25 = 2 = bl fany
9 — —_ — —_— — —
Ytterbium Tantalum | Tungsten Osminm Iridinm Platinum
10 i 7 o Yb=173 2% Ta=183 W=184 Y Os=191 Ir=193 Pt=194'9 (Au)
Gold Mercury | Thallium Lead Bismuth
1 Au=1972 | Hg=20010 | T1=204'1 | Pb=206'9 Bi=208 S il
Radium Thorinm Uranium
. 7 e = Rd=224 0 Th=232 e U=239
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How a warm “Blob” ate ses diffuse
Pacific ecosystems p. 442 | s . 97

Overturning ideas about
ocean circulation pp. 456 & 5

clence

$15
1 FEBRUARY 2019

sciencemag.org

RAYAAAS

7' SPECIAL ISSUE

" PERIODIC
- TABLE TURNS

190

https://www.iypt2019.org/




Thank You for Your

Attention!





<<
  /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




