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Introduction

 Generation and preservation of bright electron beams are two of the
challenges in the accelerator community given the inherent possibility of
excitations of dipolar higher-order modes (HOMs) due to beam offsets in
the accelerating cavities.

 Our primary goal is to investigate beam steering offsets and possible
emittance dilution by monitoring and minimizing HOMs in L-band, 9-cell
TESLA-type superconducting accelerating cavities.

« Such cavities form the drive accelerator for the FLASH FEL, the European
XFEL, the under construction LCLS-II, the proposed MaRIE XFEL at Los
Alamos, and the International Linear Collider under consideration in
Japan.

 We report sub-macropulse effects on beam transverse position centroids

correlated with HOMs at the Fermilab Accelerator Science and
Technology (FAST) Facility.

 We used the 3-MHz micropulse repetition rate, a unique two separated
single-cavity configuration, and targeted diagnostics for these tests.
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FAST/IOTA Facility
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RF-Gun SSU

The Fermilab Accelerator Science and Technology (FAST)
Facility is based on a photocathode rf gun and TESLA-type
superconducting rf accelerators.

300-MeV milestone with full 31.5 MV/m average gradients in
cryomodule (CM) attained in November 2017. (THPMFO024)

5-50 MeV 100-300 MeV

il Qsu-3—_,

cc1 cC2 /T ‘{ CM2
Qsu-1 BC1 QSU-2

S5U: Solenoid Scan Unit/QSU: Quadrupole Scan Unit
CC1: Capture Cavity 1/CC2: Capture Cavity 2/CM2: Cryomodule 2
BC1: Bunch Compressor 1

l IOTA Ring l

Integrable Optics Test Accelerator (I0TA)
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Table 1. FAST Electron Beam Parameters for HOM Studies

Micropulse pC 100-1000 1-500 bunches used,
Charge (Q) 3000 max.
Micropulse rep. MHz 3
rate

Beam sizes, o Mm 100-1200

Emittance, o mm 1-5
norm mrad
Bunch length,o pS 4-8
Compressed pS 1-3
Total Energy MeV 858!
PC gun grad. MV/m 40-45
CC1 gradient MV/m 14.2
CC2 gradient. MV/m 14.2
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FAST 50-MeV Beamline Schematic with Diagnostics

« FAST beamline up to the cryomodule (CM). Photocathode
f Gun, two capture cavities (CC1 and CC2), BPMs (B1xx),
correctors (H/V1xx), and imaging station beamline crosses
(X1yy) are indicated. Framing camera views X121.
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EXPERIMENTAL SETUP

HIGHER ORDER MODES

i LY
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Dipole Mode

Expected HOMs in TESLA Cavities™
Mode # Freq.(GHz) R/Q(Q/cm?)

MM-6 1.71 5.53

MM-7 1.73 7.78 L
MM-13 1.86 3.18 /1\

MM-14 1.87 4.48 o yl_.
MM-30 2.58 13.16 Pmrmpb{. = T “HOM Coupler2 _6—,
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V101 Current Scan Affects Beam Trajectories
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Beam Position (um)

Tracking of beam trajectories around CC1 and CC2.

BPM data (a) and calculated trajectories using cavity transfer
matrix (b) (ref. E. Chambers (1965))
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H101 scan: HOM Signals Observed from CC1 and CC2

« Example of HOM waveform signals (L) and peak signals at 500

pC/b, 50 b during H101 scan (R).

FAST HOM Detectors:

- 1.3-GHz notch Filter

- amplifier

- 1.6-1.9 GHz passband

- 2.2-GHz lowpass filter

- Zero-bias Schottky Detector
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V101 Scan: Vertical BPM Shows Damping Effect in 500b

* Centroid oscillation seen in first ~100 b, then damps out.
Centroid slew observed to end of pulse train. Q=500 pC/b.

« 100-macropulse average. V101=1 A. z~ 10 m after CC2.
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Centroid Vertical Oscillations Observed to Grow with Drift

« Comparison of sub-macropulse motion with corrector currents
at V101= -1, 0, +1 A. Correlation with excited HOMs. 1000 pC/b
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Evaluation of HOM Vertical Kick Angles

* V101 scan results with drift to B122. Kick deduced 84 pyrad
from CC2 at 1000 pC/b in vertical BPM readings.
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V101 Scan: Framing Camera Mode Shows HOM Effects

« 50b, 1000 pC/b, 5 ys vertical, 100 us Horiz., ~16 us gap.

 Bunches #31-48 shown in image (L). Second set of bunches
#11-28 also taken. Later time is down and leftward on axes.

« Centroid motion comparison to rf BPMs shown at right (R).
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Evaluation of HOM Horizontal Kick Angles

 H101 scan results with drift to B122. Deduced kick ~40 prad
from CC1 in horizontal BPM readings at 1000 pC/b.
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Basic Calculations of HOM Kick Angles Performed

« The angular kick &7'(s) experienced by a trailing electron of charge e,
velocity v, and momentum p at a distance s from the HOM-exciting bunch of
charge Q, and transverse offset 7;, is given by

07 (5) = PO = £ [(F, + 5 x B) () - dl = = Q, W, (s), (1)

. where B and El are the magnetic and transverse electric fields generated
by the HOM-exciting bunch, the integral is over the electron path, and c is

the speed of light. For a series of m bunches, the wake potential at the mth

bunch, WL (s,,,), is given by the following summations over the resonant
dipole modes, n, and the previous bunches, k:

w%a% _ _wn(sm Sk)
Wy (sm) = Fo s S B (=) e 2% sin (“2°2=) ™ 20nc cos?(py),

n C

(2)

« where w,, is the angular frequency, (%) the transverse impedance, ¢,, the
n

polarization angle, and Q,, the damping factor of mode n.
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CC2 and CC1 Generated Dipole HOM Kicks (Calculations)
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X107 Images and Possible HOM correlation with Beam Size

* Images and V101 scan using HOM sums for correlation.
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Techniques May be Applied to FAST Cryomodule

17

Plan to extend HOM studies techniques to higher charges and
to the cryomodule using an 80-m drift and 8 rf BPMs
distributed in z downstream of it.

5-50 MeV ‘ _ 100-300 MeV

RF-Gun SSU Qsu-3—_,

—Ll—

[+

M2 8 BPMS over
80-m drift

T

\
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N\

IOTA Ring
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S5U: Solenoid Scan Unit/QSU: Quadrupole Scan Unit
CC1: Capture Cavity 1/CC2: Capture Cavity 2/CM2: Cryomodule 2
BC1: Bunch Compressor 1




Summary

18

Transverse wakefield studies’ results are consistent with a sub-macropulse
centroid motion correlated with HOM strength. Calculations supported this.

Vertical position bunch-by-bunch data show 100-kHz oscillation whose
amplitude increases with charge and offset. Unexpected frequency.

Horizontal position bunch-by-bunch data show 380-kHz oscillation whose
amplitude increases with charge and offset. Unexpected frequency.

HOM signals and HOM kick angles vary linearly with charge as expected.

Unique complementary data with framing camera show centroid oscillation
at 25-uym level. YAG:Ce images, emittances, smaller effects for these beam
parameters.

Relevant, unique data sets for benchmarking HOM calculations and
simulations in Tesla-type cavities remain objective. Such beam centroid
oscillations could be issue for ultra-low emittance beams.

Plan to apply techniques to the FAST cryomodule next run to evaluate
further the relevancy of effects to accelerator community.

Full article accepted for Phys. Rev. Accel. and Beams, 4/5/2018# Fermilab
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HOM Signals and Deduced Kick Angles Vary with Charge

« HOM Detector Signals (L) and Horizontal Kick Angle (R) vary
linearly with micropulse charge as expected.
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X121 Framing Camera Practical Issue with Beam Focus

* Focus beam at X121 to match into framing camera, but this
results in smaller beta function and beam centroid motion.

« Still about 30 um effect with 7 um resolution at 1000 pC/b.

Beam Position (um)

21

400

300 -

200 -

100 -

-100 -

-200 -

-300

V101 at -1A: Q118-120 OFF 11-20-17

—i— B104PV
—— B113PV
—— B121PV

0 5 10 15 20 25 30 35 40 45 50 55

Bunch Number

AH. Lumpkin  IPAC18 5-01-18

Beam Position (um)

400

N
(=]
o

o
1

=200 -

V101at-1.1A: Q118-120 ON

11-29-17

—&— B104PV
—@— B113PV
—— B121PV

0 5 10 15 20 25 30 35 40 45 50 55

Bunch Number

5/1/2018

2= Fermilab




<<
  /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


