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« 2.1 GHz SRF PBG cavities — design and testing.
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Background and motivation
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Background: beam breakup in SRF accelerators

» Average current in multi-cell SRF cavities is limited by beam
breakup (BBU) instabilities caused by higher order modes
(HOM), which if not damped can have high quality factor Q.

 Since BBU threshold scales with frequency as 1/f2, present
SRF cavities designed for high current operation use low
frequency, necessitating high charge per electron bunch.

» Operating at high frequency and low bunch charge reduces
the risks of brightness degradation in electron beam transport.

« High current and high frequency SRF cavities require loading
the HOMs to reduce their Q_,, to lower than 100 and removing
HOM power from the liquid helium environment.
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Methods for BBU suppression

The primary approach to avoiding beam instabilities is to
lower the external Q-factors for the HOMs.

Method Problems

Ferrite HOM dampers  Located in beam pipes outside of the

(Q,,~ 100) cryostat. Greatly reduce real estate gradient.
 Ferrite materials are brittle and contaminate
SRF cavities if cracked.

HOM couplers » Located in beam pipes. Reduce real estate

(Q,,~ 1000) gradient.
* Do not sufficiently damp HOMs.
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PBG structures: what it means for Navy

PBG structures present us with a unique way to place HOM
couplers in an accelerating cavity FM coupler

 Much lower external Q-
factors for HOMs

 Higher real estate gradient ~ <©'n9

tubes

* Possibility to scale SRF
accelerators to higher
frequency —> more compact
accelerators with reduced
footprint, lower bunch
charge (higher brightness).
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PBG resonators for accelerators to date
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PBG resonators

PBG Cavity, triangular lattice =% ]
a/b=0.15, TMy, —like mode noof  Operating Point :

of PBG structure

O.OI ~ IO.I1I IOI.2I | (;3 | IO.I4I | 05
a/b
Single mode operation.
Pillbox Cavity, TM,, mode No higher order dipole modes.

This structure is employed for the

MIT PBG accelerator
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MIT PBG accelerator

MIT PBG accelerator at 17
GHz — first experimental
demonstration of acceleration
in a PBG structure:

Power in Power out

Beam

= -

Ermm

6 cells .
| E.l. Smirnova et al., Phys. Rev. Lett.
j 7";\ Los Alamos 95(7), 074801 (2005).
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A 6 cell
accelerator
@17.137 GHz.

* Open structure,
wakefields radiate freely
Into the vacuum chamber.

P, MW
0.00 0.500 1.000 1.500

™  PBG
structure
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SRF PBG resonators

* The UCSD team
fabricated several SRF
PBG cavities at 11 GHz.

 Fabrication was done at
CEBAF.

* The cavity was open and
had 3 rows of PBG rods.

e The unloaded Q-factor
was measured at 4.8K and
was dominated by
radiation losses.

D.R. Smith et al., AIP Conference
7‘ “ Los Al Proceedlngs 398 p. 518, (1997).
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« The INFN-Napoli team
fabricated SRF PBG cavities
at 6 GHz and at 16 GHz.

* The cavities were
fabricated from a bulk piece
of Nb with no welds.

 The cavity was open and
had 3 rows of PBG rods.

 The unloaded Q-factor was
measured at 1.5 K and was
dominated by radiation

losses.

M. R. Masullo et al., Proceedings of
EPAC 2006, p. MOPCH167, (2006).
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2.1 GHz SRF PBG cavities —
design and testing
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SRF PBG resonator — basic design

The SRF PBG
resonator was
designed at the

frequency of 2.1
GHz.
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Spacing between the
rods, p

56.56 mm

OD of the rods, d

17.04 mm = 0.3%p

ID of the equator, DO

300 mm

Length of the cell, L

60.73 mm (N/2)

Beam pipe ID, Rb

1.25 inches = 31.75 mm

Radius of the beam

1inch =25.4 mm

pipe blend, rb

Q, (4K) 1.5*108

Q, (2K) 5.8*10°

R/Q 145.77 Ohm
Epeak/Eace 2.22

Bpeak/Eacc 8.55 mT/(MV/m)
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Reduction of surface magnetic fields

Changing the cross-section of the rods from
round to elliptical decreases the curvature
and reduces maximum surface magnetic
fields up to 40 per cent.
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Final design of PBG resonators with elliptical rods

PBG resonator was Spacing between the rods, p |56.57 mm
designed with 6

elliptical inner roads OD of the round rods, d 17.04 mm = 0.3"p
slightly shifted Major OD of the elliptical rod, |27.94 mm =0.5"p
towards the center. a

Minor OD of the elliptical rod, [9.80 mm
b

ID of the equator, DO 300 mm

Length of the cell, L 71.43 mm (N/2)
Q, (4K) 1.8*108

Q, (2K) 6.2*10°

R/Q 150.7 Ohm

E peak/Eace 2.37

Bcak/Eace 5.66 mT/(MV/m)
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Fabrication of 2.1 SRF PBG resonators

* The 2.1 GHz PBG cavity was fabricated at Niowave, Inc. from
a combination of stamped sheet metal niobium with RRR>250
and machined ingot niobium components with RRR>220.

* After welding, a Buffered Chemical Polish etch was performed
to prepare the RF surface for testing.
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Test results — resonator 1, round rods
Resonator 1 was tested on March 27-30", 2012. This cavity

was opened up a few times in the clean room during

Frequency | 2.10669 GHz
Qq (4K) 8.2*107
Q, (2K) 1.1*10°
Maximum 95 MV/m
EF)CC (4K)

Maximum 9.1 MV/m
EF)CC (2K)

Bpeak (4K) 81 mT
Beak (2K) 78 mT
"7 Los Alamos

preparation for the experiment.
It also developed a super leak
at 2 Kelvin.
1*1010:
1%10° L oot ¢ o
" k¥ e
Qo
1*1(;.8E WENEE NN II:KI T " .,
1*107 : . g :
0.0 4.0 8.0 12.0

Eacc, MV/m
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Test results — resonator 2, round rods

Resonator 2 was tested on April 23-27%", 2012. Measured
characteristics were very close to theoretical predictions.

Frequency | 2.09984 GHz Maximum achieved gradient
Q, (4K) 1.2*108 was 15 MV/m.

Q, (2K) 3.9*10° 110'°

Maximum | 10.6 MV/m oty ¥ T VNG

Eam (4K) 1%10° 2l mﬁ"
Maximum 15.0 MV/m |

Eacc (2K) "ot 55 g 8 B lll..._

Bpeak (4K) 91 mT e

Bpeak (2K) 129 mT 1*10?0.0' | 410 | sl.o | I12I.0 | I16.D

= Eacc, MV/m
7(“ Los Alamos & . simakov et al, Phys. Rev. Lett. 109, 164801 (2012).
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Test results — resonator 3, elliptical rods

Resonator 3 was tested on July 15-18t, 2013. The cavity
was undercoupled at 4K. Performance at 2K was excellent.

Frequency | 2.11524 GHz
Q, (4K) 1.6*108
Q, (1.5 K) 2.2*10°
Maximum 10.0 MV/m
E.cc (4K)

Maximum 18.3 MV/m
EQCC (2K)

Bpeak (4K) 57 mT
Bpeak (2K) 104 mT

j 7( @ Los Alamos
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Maximum achieved gradient
was 18.3 MV/m.

1*1010

1.5K
P CEINL NN KNI 2000 Wy 4y 0 4%,

1*10° |

Qg 4K
ig LI [ ]
1*108 5"
1*107 ‘
0.0 5.0 10.0 15.0 20.0
Eacc, MV/m
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Test results — resonator 4, elliptical rods

Resonator 4 was tested on August 19-22t 2013. Excellent
performance at 4K. Frequency shifted 300 kHz up after the

Frequency | 2.11292 GHz
Q, (4K) 1.6*108
Q, (2K) 3.9*10°
Maximum 18.2 MV/m
E... (4K)

Maximum 15.3 MV/m
EEQ(XT (:2|<i)

Bpeak (4K) 103 mT
Bpeak (2K) 87 mT

j 7( @ Los Alamos
< NATIONAL LABORATORY

pump down. Possible
mechanical issues?
1*1010
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Conclusion and plans
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Conclusions

 We performed fabrication and testing of four SRF PBG
resonators at 2.1 GHz and demonstrated their proof-of-
principle operation at high gradients.

* Measured characteristics of the resonators were in good
agreement with theoretical predictions.

« SRF PBG cavities with round rods were operated at 15
MV/m accelerating gradients.

« SRF PBG resonators with elliptical rods were operated at
18.3 MV/m accelerating gradient.

* The next step is experimental demonstration of an
accelerator section with a PBG cell.

7 @ Los Alamos

< NATIONAL LABORATORY

. )/ Y | ‘ " a5
Operate d by Los Alamos National Security, LLC for NNSA VA" J Y "L




<<
  /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


