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OUTLINE

» Background/context

= (Briefly on) ATLAS source and detector advances
= Aspects of the ATLAS superconducting linac

= Technology for future ion accelerators
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ATLAS 1978-1985 worlds first superconducting linac for heavy-ions
Conceived in early 1970’s; a bold vision to use superconducting niobium cavities as a

post accelerator to the TANDEM
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SUPERCONDUCTING HEAVY ION LINACS AND R&D
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ATLAS 2022 Nearly entire accelerator is new or upgraded
ATLAS is the DOE nuclear physics stable beam national user facility
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ATLAS BEAMS

Stable beams (protons to Uranium), rare J
isotopes from 252Cf fission source _—
(CARIBU) and in-flight beams (RAISOR)

CARIBU: “ion source” for neutron rich
rare isotopes; 2°2Cf source inside of a
helium gas catcher, fission fragments are
thermalized and quickly extracted into low
emittance beam

https://accelconf.web.cern.ch
IHIAT2012/papers/moc04.pdf

= EBIS: charge breeder for rare isotopes;
suppression stable ion background; high
charge states with fast breeding time

P Ostroumov et al 2010 JINST 5 c07004

» RAISOR: a system of selecting and purifying
rare isotopes created via the in-flight
process; consists of a target, magnetic chicane
separator and an RF sweeper

e v oermm o Ao et et https://laccelconf.web.cern.ch/hi 4 2 :
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ATLAS EXPERIMENTAL EQUIPMENT

600 ACTIVE USERS USING BEAMS COUPLED TO A UNIQUE ARRAY OF
EXPERIMENTAL EQUIPMENT Jaed
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+ outside instruments: GRETINA, CHICO-II,
HERCULES, GODDESS, VANDLE, MTAS, SUN ...

Laser spectroscopy

Beta decay Paul
trap

7%, .S DEPARTMENT OF  Argonne National Laboratory is a

i U.S. Department of Energy laboratory 7 A 7

%) ENERGY UL5mieia ol rgonne 5
NATIONAL LABORATORY | 1946-2021




PRIORITIES & STRATEGIC PLAN

PHY, ATLAS AND ACCELERATOR GROUP

C 7"1

Ensure ATLAS continues to provide unique, high-
impact science and accelerator technology that is
relevant to the mission of NP

Oversee robust, healthy, and safe operation with multi-
user capabilities to better serve the low-energy
community

Address diversity, equity, and inclusion within the
Physics Division and User community

Work with the community to develop new capabilities
and state of the art instrumentation

Strong partnership with FRIB: science &
instrumentation (e.g., SOLARIS)

Develop a Fundamental Symmetries Group focused on
NLDBD and Quantum Information Science (QIS),
together with additional support from the Theory Group
Enhance the experimental component of the nuclear
data program

Support the development of an isotope program at
Argonne

oooooooooooooooooooooooooooooooooooooooooo

PHYSICS DIVISION

STRATEGIC PLAN

2020-2024

https://www.anl.gov/phy/
physics-division-
strategic-plan
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2014 ATLAS INTENSITY UPGRADE CRYOMODULE
LATEST SRF TECHNIQUES; REPLACED 3 ATLAS SPLIT-RING MODULE

=  5-meter module of seven 72 MHz quarter-waves, v/c =0.8

= ‘Fully’ optimized RF design, high-purity niobium, electropolishing, \
baking, clean room assembly J

= Qvercoupling for phase stabilization (rather than reactive tuner)
=  lLarge aperture (3 cm) and steering correction for high-intensity
beams
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PERFORMANCE OF 2014 INTENSITY UPGRADE CRYOMODULE
HIGH Q AND GRADIENT IN OFFLINE TESTING AND INSTALLED INTO ATLAS

Test cryostat performance (2 K and 4 K) ATLAS online performance (4 K only)
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2022 REFURBISHMENT OF THE 2009 ENERGY UPGRADE

CRYOMODULE
Upgrades to position ATLAS for dellvery of high |ntenS|ty stable beams

=  Complete disassembly and
rebuild of module

= A new (8™) SRF cavity, v/c~0.15

=  Reactive fast tuners replaced—>

= With 8 new high-power couplers v
(coupler technology is a big deal) gga

= All 8 cavities electropolished in
modern EP system

=  New 4 kW CW amplifiers and
digital LLRF controllers L?Brookhaven

National Laboratory

=  Upgrade: equivalent voltage of
half an additional cryomodule
for ~1/5 cost of new module, (20
MV total from 8 cavities)

@ ENERGY t5 11 Argonne &(75




ATLAS FACILITY FOR PROCESSING TEM-MODE CAVITIES

Unique cavity electropolishing system for production quarter-wave, half-wave, spoke cavities

Section view with cavity and cathodes

Electropolishing: surface
treatment of choice for SRF
cavities esp. where high
gradient is important

TEM cavity EP is an evolution
of that from ILC e-cell R&D

Modern electropolished TEM
cavities achieving gradients
similar as for e-cell

Long learning curve: process
optimization continues (cold
‘final” electropolishing to
reduce surface defects)

1. Crawford in NIM in Phys. Res. A 849
(2017), Crawford

2. Chouhan, “Study on Electropolishing
Conditions for 650 MHz Niobium SRF . =N, . 2007 ILC R&D at Argonne
Cavity”, NAPAC 2022 = - [

2013 Quarter-wave at Argonne
(DENERGY (5 Sk 12 Argonne & |75

d by UChicago Argonne, LLC.



HIGHLY ADJUSTABLE ATLAS COUPLERS
50 W COAXIAL 2-RF WINDOW CAPACITIVE COUPLING

ey TP

variable

bellows f ' N

“80 K” RF

window _> )

80 K-to-
300 KRF
transition

300 K RF ’
window

Couplers used in ATLAS 72 and 109 MHz modules
@Eﬁﬁﬁgfv Q‘v.?:nne National Labor sa

Features/Issues

Adjustable coupling =
operational flexibility, RF phase
control, but also for initial
conditioning or recurrent
multipacting

Two planar window design 2>
compact clean assembly

Materials: ceramic, thin-wall
stainless, copper plating (issue
is fragility in fab., handling, and
Ops.)

DC bias on center conductor for
suppression of multipacting 2>
requirement depending on
frequency

. fqr'nmnu‘
(Cold) couplers
installed

13

Production Couplers
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COAXIAL POWER COUPLERS FOR ATLAS AND OTHER PROJECTS
FREQUENCIES FROM 72 MHZ TO 1.4 GHZ AND RF POWER TO 20 KW CW

FRIB QWRs

https://accelconf.web.cern.ch/LIN
AC2012/papers/tupb093.pdf

PIP-Il HWRs

“Half-wave Cryomodule for Proton

Improvement Project 2 at i} 1:’ "'!I; =y !‘ ‘]F !7‘3[’ =0 ',."’ - "1[‘ ‘
Fermilab, SRF17 g /, ‘Qmu‘_?-.m‘_?:: c& w& h:f.)»- .

Advanced Photon
Source Upgrade

“A Superconducting
Harmonic Cavity System for
the ANL Advanced Source”
SRF17

14 Argonne & |75




Reliable concept refined over 4
decades

Helium gas at ~80 K expands a
bellows to squeeze the cavity

Only connection a ~3 mm gas line

Essentially no sliding parts, no
friction, no hysteresis

Can be actuated w/o vibrations, no
“out-of-lock”

1.4 GHz e-cell w/ tuner
(installation 2023 in APS-U)

ATLAS PNEUMATIC SLOW TUNER
SUCCESSFUL 40+ YEAR OLD CONCEPT APPLIED TO LATEST TEM AND E-CELL CAVITIES

(“nutcracke

RF Reference Signal

RF Control Module Slow Tuner control
With Phase and Valves Superconducting
3 Valve Controller H— A Prssns Caviy
Feedback Transducer
N

-Pressure Transducer Signal=

Tuner pressure controlled in closed
loop LLRF system

ATL Rs w/ tuner
(~48 in use)

PIP-Il HWR w/ tuner
(8 in use)

FRIB HWR w/ tuner
(~220 in use)

15
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2018 ATLAS LONG-RANGE PLAN)

ATLAS Upgrades, Niobium-tin R&D for Future ATLAS/NP,  [UJRRNES RN SISy g [ i
High impact work for others 3y R A

= Major refurbishment of the last module in ATLAS; 50% 2l
improvement in module performance using latest SRF
techniques; essential for future ATLAS N=126 factory

= Niobium-tin (Nb;Sn) R&D: Next generation cavity
technology; New PHY cavities to be coated this year;
established a new US industrial cavity manufacturing
company (niobium hydroforming)

= Commissioning new cavity vacuum furnace:
Supports DOE Nuclear Physics, High Energy
Physics, and Basic Energy Sciences for DOE/SC
R&D and projects

= ATLAS capabilities have outsized positive impact
on other DOE projects/national priorities
(Advanced Photon Source Upgrade Bunch
Lengthening System)

2 U.S. DEPARTMENT OF _ Argonne National Laboratory is a N .
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NIOBIUM-TIN CAVITY R&D FOR ATLAS/LOW-BETA 3% Fermilab

Argonne &

Aim for practical use of niobium-tin in ATLAS ::: RadiaBeam

Frequency (MHz)
=)
o

RBCS Calculated [Q]

= Nb,Sn by vapor diffusion is by far the 1000 SR OE0E
most promising next generation Sz"(keDj M
technique for SRF cavities
— Paradigm shift for low-beta {{%
accelerators P faidi
— Small cavities operated without large @ Much smaller
central cryoplants S QWRs/HWRs
— Enables higher frequency for low-beta > e practical with Nb;Sn
much smaller accelerators 10 = T E—
= Applications 10 o 72 e
— ATLAS upgrades, new isotope facility, ; :HE;;:,?Q?:ZMHZ
re-buncher :
= Challenges
— Fundamental challenge is to grow high
quality Nb;Sn without defects
— Niobium-tin by vapor diffusion is
performed at 1100°C
— Some fabrication techniques precluded 10710
— Niobium-tin is brittle like ceramic

0 20
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CONCLUDING REMARKS

= ATLAS technology: sources, the superconducting linac to the experimental
equipment have been continuously upgraded
— Also provide impactful benefits to other DOE/NP/HEP/BES projects

= ATLAS is the DOE nuclear physics stable beam national user facility
— High availability with 5000-6000 beam-hours annually, over 600 active users

» Upgrades planned over the next decade (AMUU — multi-user capability,
NnuCARIBU upgrade, N=126 Factory) to provide unique ATLAS capabilities now
and in the FRIB era

» We are pursuing transformative SRF technologies tailored to ATLAS and the low-
beta accelerator community
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THANK YOU TO MANY COLLEAGUES

Argonne®  gEFermilab  Siracimesm Gy  (&)Brosknaven

NAL LABORATORY National Laboratory
FRIB

"%, U.S. DEPARTMENT OF _ Argonne National Laboratory is a
Ly, U.S. Department of Energy laboratory 1 9 A 7
#JENERGY US5nmsiiine rgonne 5




Argonne 4

NATIONAL LABORATORY

|
A VY] WY/ AN, A il ’r".'
AVAVA vAvENAY - )

WOV, LW weue...




	Advances in the ATLAS Accelerator
	Outline
	ATLAS 1978-1985�
	Superconducting heavy ion linacs and R&D�
	ATLAS 2022�
	ATLAS BEAMS�
	ATLAS experimental equipment�600 Active users using Beams coupled to a unique array of experimental equipment
	Priorities & Strategic plan�PHY, ATLAS and Accelerator group
	2014 ATLAS Intensity upgrade Cryomodule�Latest SRF techniques; replaced 3 ATLAS Split-ring module
	Performance of 2014 Intensity upgrade Cryomodule�High Q and Gradient in offline testing and Installed into ATLAS
	Atlas aip : 
	ATLAS Facility for processing TEM-Mode Cavities
	Highly Adjustable ATLAS Couplers�50 W Coaxial 2-RF window capacitive coupling
	Coaxial power couplers for ATLAS and other projects�frequencies from 72 MHz to 1.4 GHz and RF power to 20 kW cW�
	ATLAS Pneumatic slow tuner�Successful 40+ year old concept applied to latest tem and e-cell cavities�
	Accelerator R&D (Integrated into 2018 ATLAS long-range plan)
	Niobium-Tin Cavity R&D for ATLAS/Low-beta
	concluding Remarks
	Thank you to Many colleagues
	Slide Number 20


<<

  /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 true

  /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

    /Calibri-Light

    /Calibri-LightItalic

    /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

    /ComicSansMS-BoldItalic

    /ComicSansMS-Italic

    /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

    /Ebrima

    /Ebrima-Bold

    /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

    /Gabriola

    /Gadugi

    /Gadugi-Bold

    /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

    /JavaneseText

    /JOAN

    /Jokerman-Regular

    /JuiceITC-Regular

    /JUSTICE

    /KabelITCbyBT-Book

    /KabelITCbyBT-Ultra

    /Kartika

    /KristenITC-Regular

    /KunstlerScript

    /Latha

    /LatinWide

    /LeelawadeeUI

    /LeelawadeeUI-Bold

    /LeelawadeeUI-Semilight

    /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

    /MalgunGothic

    /MalgunGothicBold

    /MalgunGothicRegular

    /MalgunGothicSemilight

    /MalgunGothic-Semilight

    /MANDELA

    /Mangal-Regular

    /Marlett

    /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

    /Meiryo

    /Meiryo-Bold

    /Meiryo-BoldItalic

    /Meiryo-Italic

    /MeiryoUI

    /MeiryoUI-Bold

    /MeiryoUI-BoldItalic

    /MeiryoUI-Italic

    /MICRODOT

    /MicrosoftHimalaya

    /MicrosoftJhengHeiBold

    /MicrosoftJhengHeiLight

    /MicrosoftJhengHeiRegular

    /MicrosoftJhengHeiUIBold

    /MicrosoftJhengHeiUILight

    /MicrosoftJhengHeiUIRegular

    /MicrosoftNewTaiLue

    /MicrosoftNewTaiLue-Bold

    /MicrosoftPhagsPa

    /MicrosoftPhagsPa-Bold

    /MicrosoftSansSerif

    /MicrosoftTaiLe

    /MicrosoftTaiLe-Bold

    /MicrosoftYaHei

    /MicrosoftYaHei-Bold

    /MicrosoftYaHeiLight

    /MicrosoftYaHeiUI

    /MicrosoftYaHeiUI-Bold

    /MicrosoftYaHeiUILight

    /Microsoft-Yi-Baiti

    /MingLiU-ExtB

    /Ming-Lt-HKSCS-ExtB

    /Mistral

    /Modern-Regular

    /MongolianBaiti

    /MonotypeCorsiva

    /MS-Gothic

    /MS-Mincho

    /MSOutlook

    /MS-PGothic

    /MS-PMincho

    /MSReferenceSansSerif

    /MSReferenceSpecialty

    /MS-UIGothic

    /MT-Extra

    /MVBoli

    /MyanmarText

    /MyanmarText-Bold

    /NATURALBORN

    /NEOLITH

    /NiagaraEngraved-Reg

    /NiagaraSolid-Reg

    /NirmalaUI

    /NirmalaUI-Bold

    /NirmalaUI-Semilight

    /NSimSun

    /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

    /PMingLiU-ExtB

    /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

    /SegoeMDL2Assets

    /SegoePrint

    /SegoePrint-Bold

    /SegoeScript

    /SegoeScript-Bold

    /SegoeUI

    /SegoeUIBlack

    /SegoeUIBlack-Italic

    /SegoeUI-Bold

    /SegoeUI-BoldItalic

    /SegoeUIEmoji

    /SegoeUIHistoric

    /SegoeUI-Italic

    /SegoeUI-Light

    /SegoeUI-LightItalic

    /SegoeUI-Semibold

    /SegoeUI-SemiboldItalic

    /SegoeUI-Semilight

    /SegoeUI-SemilightItalic

    /SegoeUISymbol

    /SerifaBT-Bold

    /SerifaBT-Italic

    /SerifaBT-Roman

    /SerifaBT-Thin

    /SHELMAN

    /ShowcardGothic-Reg

    /Shruti

    /SimSun

    /SimSun-ExtB

    /SitkaBanner

    /SitkaBanner-Bold

    /SitkaBanner-BoldItalic

    /SitkaBanner-Italic

    /SitkaDisplay

    /SitkaDisplay-Bold

    /SitkaDisplay-BoldItalic

    /SitkaDisplay-Italic

    /SitkaHeading

    /SitkaHeading-Bold

    /SitkaHeading-BoldItalic

    /SitkaHeading-Italic

    /SitkaSmall

    /SitkaSmall-Bold

    /SitkaSmall-BoldItalic

    /SitkaSmall-Italic

    /SitkaSubheading

    /SitkaSubheading-Bold

    /SitkaSubheading-BoldItalic

    /SitkaSubheading-Italic

    /SitkaText

    /SitkaText-Bold

    /SitkaText-BoldItalic

    /SitkaText-Italic

    /SnapITC-Regular

    /SouvenirITCbyBT-DemiItalic

    /SouvenirITCbyBT-Light

    /SouvenirITCbyBT-LightItalic

    /Staccato222BT-Regular

    /Stencil

    /Swiss911BT-ExtraCompressed

    /Sylfaen

    /SymbolMT

    /Tahoma

    /Tahoma-Bold

    /TempusSansITC

    /TeXGyreTermes-Bold

    /TeXGyreTermes-BoldItalic

    /TeXGyreTermes-Italic

    /TeXGyreTermes-Regular

    /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

    /YuGothic-Bold

    /YuGothic-Light

    /YuGothic-Medium

    /YuGothic-Regular

    /YuGothicUI-Bold

    /YuGothicUI-Light

    /YuGothicUI-Regular

    /YuGothicUI-Semibold

    /YuGothicUI-Semilight

    /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



