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Introduction: What is the FCC and what are its challenges

Parameter choices & Layout

Staging scenarios

Nb on Cu - potential advantages

Relevant R&D subjects at a glance

* Summary



Schematic of an
g 80-100km
g long tunnel

International FCC collaboration EEiAEW
(CERN as host lab) to study: R )

pp-collider (FCC-hh) £ ) e
9 maln emphaS|S, deflnlng Physics Cases Experiments
infrastructure requirements

~16 T = 100 TeV pp in 100 km @

~100 km tunnel infrastructure in N

Geneva area, site specific &R e // ,

e+e- CO"ider (FCC'ee), as pOtentIal Collider Designs R&D Programs

first step (SRF challenge!)

p-e (FCC-he) option, integration one

IP, e from ERL B & =

HE-LHC with FCC-hh technology E \/_q

CDR for end 2018 -
Infrastructures Cost Estimates




The FCC-ee is similar to the CEPC
FCC-ee

* 100 km circumference
* 7, W, Higgs & tt

* Staging -

“Middle straight”
~1.4 km

Beams must cross over through the common RF (@
t) to enter the IP from inside.
Only a half of each ring is filled with bunches.

"80/270 straight®
~2.8km

J B

-1000

-500 0

Gy (m)
The separation of 3(4) rings is about 12 m:
wide tunnel and two tunnels are necessary around
the IR, for 1.2 km.
A mara compact layoutioptics around the IP Is also
possible{A. Bogomyagkov).
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CEPC

* 100 km circumference
* 7, W, Higgs

* Staging not foreseen
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Parameters and challenges

—--_-:-m

Energy (per beam)
Luminosity

Current

Voltage

RF Power (per beam)

45.5

1036 1.8 - 1035 5- 1034 1034 cm‘zs‘1

1450 150 30 6.5 mA

0.25 0.8 3 10 GV
50 50 50 50 MW

Requires a large scale, highly reliable RF system, to deliver 100 MW in CW!

* ... under varying beam current conditions

Energy efficiency is a major concern
R&D in these different areas has been launched and is progressing (1 MW CW

FPC’s, high efficiency klystrons, Nb on Cu cavity technology, low impedance

crab cavities, ...



RF System for FCC e

. . . EW{G\I] n bunch I beam (mA) Et:r{mm]I E turnloss (GeV)
Sequence of 5 different machines ranging from Feem| ooz =~ [ w0y
(high current)to(high gradient} 04702 isoo/owse0i\ a0 Josns | oo

08 i 520 152 P2 .
* with maximum re-use of components and v A R e
e minimum down-time for the installation of 0 e L e6 | 21
upgrades FCC-ee FCC-hh

Challenges: 5 years 2 years 6 years 6 years

* Dynamic environment with changing parameters

* RF System between the technical feasible and R&D projects




Full Model of the RF System s

Model of all dependencies
Study of parameter choices

Direct comparison of
scenarios
Sensitivity analysis

Constant monitoring of all
constraints for non-
compliance
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Parameter Layout

Number of Cryomodules
Material

Temperature

Frequency

Acc. Gradient

Number of Cells

Number of Cavities
HOM Couplers
Fund. Power Couplers

Number of Amplifiers
Power Splitting
Power Source

36

<4 >

: @0
- | FPCion |

144

P1300
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Booster

Constraints
e Wide aperture —> 400 MHz
¢ |ow number of cavities —> 10 MV/m

Fall-back for FPC —> lower field

Further developments

e Need for FPCup to 1 MW

e HOM Load Study

e HOM Coupler and Absorber Design



Parameter Layout

Number of Cryomodules
Material

Temperature

Frequency

Acc. Gradient

Number of Cells

Number of Cavities
HOM Couplers
Fund. Power Couplers

Number of Amplifiers
Power Splitting
Power Source

% jCERN
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Booster

/\:?3\/
4>
PC1000 |

<
@0
F FPCas0
144 636
P1300 P220

Constraints

e Both beams go through the same cavities and beam pipe

e Beam-pipe and installation need to be re-aligned

¢ For the needed total voltage of 10 GV use of bulk Nb at 20 MV/m

e Change of Frequency to 800 MHz

* RF power requirements are low and may be fulfilled with small sources such as SSPA
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Booster

Parameter Layout
-z e

Number of Cryomodules 36 102 159

Material
Temperature
Frequency Y

Acc. Gradient

Number of Cells # ﬁ

A

Number of Cavities < 4 <4> <4> <4> | <4>
HOM Couplers @

Fund. Power Couplers FPC1000 | FPCas0 | FPCas0 |
Number of Amplifiers 144 102 636
Power Splitting ‘ Hi'j—' ‘
Power Source P1300 P1300 P220

SRF Performance Nb/Cu has the potential to compete with bulk Nb
e maximise use of 400 MHz equipment

e ease installation effort

¢ slight cost reduction

Fall-back for Nb/Cu —> bulk Nb @ 800 MHz



Parameter Layout

Number of Cryomodules
Material

Temperature

Frequency

Acc. Gradient

Number of Cells

Number of Cavities
HOM Couplers
Fund. Power Couplers

Number of Amplifiers
Power Splitting
Power Source

36

T

<4 >

@0

FPC1o00

144

|

P1300

28 102 ,\:\ij\l
<4> <4> <4>
-4
. | LFPC1000 FPCas0 = FPCaso
112 102 636
P1300 P1300 P1300 Pa20
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Booster

Machine runs for only 2 years:

e Effort can be reduced by either using
equipment similar to the Z- or the H-
machine

¢ Using H-machine cavity with stronger HOM

couplers gives advantages for installation

Further developments

e Need for FPCup to 1 MW

e High HOM Load Study

e HOM Coupler and Absorber Design

Fall-back for FPC —> lower field
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Parameter Layout

oz hw Booster
Number of Cryomodules 36 56 28 159
Material
Temperature ‘
Frequency B
Acc. Gradient e % ﬁ ﬁ . ﬁ ﬁ
Number of Cells
Number of Cavities <4> < 4 <4> <4> < 4 | <4> <4>
HOM Couplers @0 a7
Fund. Power Couplers = FPC1000 | FPC1000 | FPCas0 @ FPCaso FPCas
Number of Amplifiers - 144 112 102 636 636
Power Splitting ‘ ‘ Hi'j—' ‘ ‘
Power Source P1300 1300 P1300 P1300 P220 P2s

e Booster needs to accelerate up to 0.255 ...9.5 GV

¢ Installation in stages

e Use same cryomodules as for t-machine

e Low RF power requirement (10%) allow for small individual RF sources
per cavity or module



Parameter Layout (Values)

Number Cryomodules
Material

Temperature
Frequency

Acc. Gradient
Number of Cells

Number of Cavities
HOM Couplers
Fund. Power Couplers

Number of RF Sources
Power Splitting
Power Source

* fall back
for FPC

* fall back
for FPC

N
ForA ™"

* fall back
for SRF
Material

72 36 56 28 102 102 159 159
Nb/Cu Nb/Cu Nb/Cu Nb/Cu Nb/Cu bulk Nb | bulk Nb | bulk Nb
45K 45K 45K 45K 45K 2K 2K 2K

400 MHz | 400 MHz | 400 MHz | 400 MHz | 400 MHz | 800 MHz | 800 MHz | 800 MHz
5MV/m | 10MV/m | 5MV/m | 10 MV/m | 10 MV/m | 20 MV/m | 20 MV/m | 20 MV/m
1 1 4 4 4 4 4 4
4 /CM 4/CM 4/ CM 4/CM 4/ CM 4/CM 4 [ CM 4 /CM
~3 kW ~3 kW ~1 kW ~1 kW < 1kW <1 kW < 1kW <1 kW
~500kW | ~1T MW | ~500kW | ~1 MW | ~250 kW | ~250 kW | ~250 kW | ~25 kW

144 144 108 112 102 408 636 636

2 1 2 1 4 1 1 1
~13MW | ~13MW | ~13MW | ~1.3MW | ~1.3 MW | ~500kW | ~220kW | ~25kW
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Staging Scenario
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Staging Scenario
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Staging Scenario
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Staging Scenario
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Installation Sequence

installing more cryomodules to installation could be
Cryomodules win time for H-installation concentrated in 1 stop

250

200

150 / booster installation

in the shadow
100 !
50 —
5 years 2 years 6 years 6 years

Installation pace during LEP: up to 30 cryomodules per 4 months break



Cryogenic Consumption for FCC-ee H: bulk Nb vs. Nb/Cu

Cryogenic power consumption is one of the cost drivers ina CW
machine, in particular for FCC-ee

Machine
Impedance Design

Choice

ve /

Pcryo,grid"’ R/ ~ Rg (f, T,¢, Ea,cc)
Q

Matgrial

Approach:

e Collect representative Rs(f, T, |, Eacc) data

e Define baseline performance

e Calculate the cryogenic consumption for each
(material, frequency, temperature, field)-
combination

sarah.aull@cern.ch
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Cryogenic Consumption for FCC-ee H: bulk Nb vs. Nb/Cu B

Cryogenic power consumption is one of the cost drivers ina CW
machine, in particular for FCC-ee

100

. FCC- H ‘ ‘ Nb/CU
Machine et = 400 MHz, 4.5 K
Impedance Design '
A = 80}
Choice =
= LHC
V2 / e &6 perfarmance
5 I
Peryo,gria~g ~ Rg (f,T,4, Eqce) =
/Q l % ECIE -
. on a5
Material > flat sample .-~
o - -
4[._2 . = -
Successful R&D on the energetic 2
condensation techniques will make -
Nb/Cu at 400 MHz and 4.5 K competitive 800 MHz, 2 K
to bulk Nb at 800 MHz and 2.0 Kiin terms 20 5
of cryogenic consumption E,.. in MV/m

sarah.aull@cern.ch 25



Cost Estimate
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Cost Estimate

Sensitivity to Production Cost

Cavity Cost Sensitivity (%/%)

e o o
N W W
o w»

0.20 ¢

0.15 }

0.10 |

0.05

0.00

Cavity Production

Raw Material

Cell Forming

Fabrication

Extras

EBW

Bulk EP Nb

Bulk EP Cu

HE Bulk Nb
B Nb/Cu

% jCERN

L

800°C
heat treatment

Coating

light EP

SUBU

Cryomodule
Hl Bare Cavity @ Cryo Valves
Hl Helium Tank I CM Assembly
Il Power Coupler Il Magnetic Shielding
= HOM coupler Il Cryostat
[ 1 Tuner
-20%
Bulk Nb Nb/Cu

The cost for a CM with 400 MHz Nb/Cu
cavities is about 20 % less than fora CM

with 800 MHz bulk Nb cavities

27
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1. Cavity design: Verification of the conformity of the RF structures within the
stability limits

Cavity design and beam-cavity interaction

* High energy

) . . Impedance Spectrum, Longitudinal
* Aim at acceleration efficiency
Coupled bunch threshold from ©_lowest for Z (80 cavities, 2-Cell)

* High intensity

Cures: Strong damping, avoid main harmonics, single cell

* Optimize cell shape with regard to HOMs 10° :\ Two Cells —
Four Cells —
« HOM damping schemes g1 L Ry o
2. Beam dynamics: E o0
£
» Single and coupled bunch stability 2 40" :
5 z
* Impedance studies & HOM power w2 SRS S N S
g
 Implications of 5 ns bunch spacing for the FCC-hh injector - ~ - - . -
. 0 0.4 0.8 1.2 1.6 2 2.4 28
chain Frequency [GHz]
. . Thresholds for W, H, T far higher (high
3. Analysis of the need for a RF harmonic system e are for higher (tigher enersy)
4. Low Level RF J. E. Muller, E. Chapochnikova, R.

Calaga, S. G. Zadeh

Universitat (=
Rostock .




Cavity material & performance
Collaborative effort to evaluate and understand the ultimate performance of the 400 - 800 MHz cavities

1. Review of technology choices and limits
+  SRF Material Options for FCC (S. Aull et al.)

2. R&D and perspectives

Nb/Cu R&D
*  Bulk Nb: program
*  N_doping: (FNAL collaboration) \
100 ‘ ;
. . T 7
Nb/CU FCC-ee Nb/Cu "
. . . . e 400 MHz, 4.5 K /
» Development of innovative coating techniques (HIPIMS (CERN), HIPIMS & o
ECR (JLAB), ECR (FNAL)) = 80 K
= : 0
* Improvement surface preparation and Nb coating (CERN-LNL-STFC c ) { LHC 5
collaboration) S 60l i performance . ECR on
g : H .+ flat sample
»  Characterization facility and benchmarking (STFC) o
. . . o g
+  Alternative materials A15, strong potential - long term R&D 8 40 L
*  NbsSn on Nb (FNAL collaboration © Bulk Nb
¢ ( ) A15 R&D program 2 800 MHz, 2 K
+  NbsSnonCu = : 1
« VLS e, ¥ s————
0 ‘ ‘ Potential Nbgsn: 800 MH;, 4.5 K, 20 nQ
»  Characterization facility and benchmarking (STFC, UNIGE, CERN) 0 5 10 15 20 25
Eyee In MV/m (S. Aull et al.)
N UNIVERSITE g . p
-- hsmad - oeceneve 3 Fermilab Jeffersontab......, 1
Laboratori Nazionali di Legnaro

FACULTE DES SCIENCES
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Innovative cavity fabrication techniques

Development of fast & cost effective cavity fabrication techniques
1. High velocity hydroforming:

* Determine forming limits of high-velocity Electro-Hydraulic Forming (EHF) for Cu structures as substrate for
superconducting coating (and for bulk Nb)

2. Spinning:
« Efforts towards seamless cavity fabrication (LNL)
3. Surface treatment: Electro-polishing:

* Developments on vertical and/or horizontal EP for 400/800MHz copper cavities

Electrodes with
exploded wire

Discharge chamber
Blank holder

Blank

=
i

C. Abajo Clemente & Bmax, 2017 E. Palmieri (LNL), FCC week 2016

Budker
INFN c @ E Institute
L/' et J 5 mas. Jsﬂ%m?nrJaﬂkﬂAbccﬂenmr Faciiity IBFTOX —\\\ Pohf N!.ICI ear
oer to Shaps ysics

Laboratori Nazionali di Legnaro
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Cryomodule challenges

Specific topics of interest for FCC (and many other machines!)
1.  Modular CM design approach to hold various different cavities

2. Impact of cooling control on CM design

3. Optimisation of clean room assembly procedures

4

CM cost model

476.3 0r 952.6 MHz Crab cavity ~ 952.6 MHz lon ring concept 476.3 MHz 1-cell?
R. Rimmer (JLAB), FCC week 2016

Je on Lab

imas Jefferson National Accelerator Facliity



Fundamental power couplers

Impedance reduction is crucial
- minimize the number of cavities
- more power per FPC (beyond the S-0-A)

. Very high CW power FPC (1MW?)
2. Variable and Adjustable FPC
+ Adaptable to different Qg
3. Large series production

E. Montesinos, CERN

Jol "

High Power Couplers, examples

Highest CW power reached on a test stand

> APT coupler (700 MHz) Los Alamos
> Coaxial coupler

> Two RF windows
> High pumping speed |
> 1 MW in TW e
> 850 kW in SW

Tip bellow
Cooling
Tuning Sleeve

Double
RF window

Coaxial coupler Transition Window assembly

W. -D. Méller| High RF Power Couplers for new High Luminosity Colliders| October 24% — 27 2016] Page 20



High efficiency klystron technology

FCC: 100 MW beam power = 165 MW grid power

- every 1% gain in efficiency = 10 GWh/year (saves = 0.4 M€/year)

1. Development of new klystron bunching technologies to strongly increase
RF power production efficiency was initiated at CERN in 2013 (HEIKA)

2. Fabrication of the first high efficiency CSM tube

Core Stabilization
Method (CSM)

Bunching, Aligning and Collecting
Method (BAC)

Kladistron

CLIC, klystron based
X-band FEL

1/6 MW
5-10 MW, <60kV

Core Oscillation Method
(COM)

HEIKA: High Efficiency International Klystron Activity
CSM: Core Stabilization Method

L {
HEIKA Y @B evorror HRESHR

50+ MW

o
gf}SRjF CERN ﬁgg

Single beam, 1.4 MW, 0.8 GHz, 133.9
kV, 12.551 A, m K=0.263

85.7% in PIC simulations

v

All Particlas(z P23 @ 900 000 ns

300
/
4
ya
oo NW ;

Z

BV

1)

z (m)

See I. Syratchev’s talk on Tuesday



Innovative crab cavity design for FCC_hh

* Very interesting development which provides:
* low longitudinal and transverse impedances
* natural damping for HOMs

1. Design and simulation [
2. Fabrication is ongoing
3. Nb coating system is under development

e e
RF frequency [MHz] 400

Total voltage V [MV] 18 (uncertainty £20%)

Available length [m] 20

Beam separation [mm] 250 (maybe 204 soon)

Average beta in the ring [m]  (339+67)/2 = 203

Beta* [m] 0.3

Crossing angle [urad] 89

Beta at CC location [m] 10100 + 10900

Ql QZa QZb Q3 D1 D2 crab cavities
I | nneas 8 Schematic layout:
r COEJC IO 0ECT ] LR . CrusAlaniz,
MCBXFB[HV].1 MCBXFB[HV].2 MCBXFA[HV].3 MCBRDH.4 MCBRDV.4 Nov. 2016, Barcelona

See R. Calaga ‘s talk on Tuesday




Conclusion

* Relevant R&D subjects:

e Successful R&D on the energetic condensation o \
techniques will make Nb/Cu at 400 MHz and 4.5 K ] 233D
competitive to bulk Nb at 800 MHz and 2.0 K in terms of oo
cryogenic consumption.

e Significant reduction of the cryogenic consumption

requires the development of alternative SRF materials
such as Nb3Sn and V3Si.

e FPC of 1 MW
e HOM power mitigation (for the Z-Machine)

* Fabrication of cavities, helium tanks, power and HOM -
couplers.

Total Cryopower in MW

* Staging Scenario allows to re-use components for next
accelerator and installation mainly during winter shut
down
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Thank you very much!




<<
  /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


