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MEASUREMENTS 

Bunch Current Dependence 
Initial data were taken with the bunches at 14 ns 

spacing, using 45-bunch trains.  For each bunch, the turn-
by-turn vertical sizes and positions were fitted, and then 
the sizes were averaged over all turns.  For each bunch 
the rms of the positions were calculated to represent the 
motion of the bunch.  Figures 2, 3 and 4 show the bunch-
by-bunch sizes and rms motions along the train at bunch 
currents of 0.5 mA, 1.0 mA and 1.3 mA, respectively.  
Error bars are statistical.  For the 1.0 and 1.3 mA/bunch 
cases, a slow growth can be seen starting at the beginning 
of the train, with the bunch size growing more rapidly 
after around bunch 25 for 1.0 mA, and around bunch 20 
for 1.3 mA.  This is consistent with the cloud density 
increasing more rapidly along the train as bunch currents 
increase. In separate measurements of the BPM spectrum 
for each bunch, what appears to be a synchrotron-betatron 
sideband signal is seen in all bunches from the fast blow-
up threshold to the end of the train [8], perhaps indicating 
that incoherent emittance growth is seen below the 
threshold, and a coherent instability after that. 

The head of the train was also seen to be somewhat 
enlarged.  The cause of this is under investigation, but is 
believed to be possibly due to long-lived trapped 
electrons in the CesrTA ring which is dipole- and wiggler-
dominated (unlike KEKB, where no such effect was 
evident), and/or possibly due to feedback tuning issues.  
The tail of the train is also seen to fall off gradually in 
size, an effect which was not observed at KEKB, where 
the beam size simply saturated going to the back of the 
train.  The reason for this difference is not yet understood.  
It is worth mentioning that the bunch lifetimes followed 
roughly the measured beam sizes, with longer lifetimes 
for bunches with larger measured sizes, as might be 
expected from Toushek effects, which provides backing 
evidence that the sizes really do vary in the manner 
reported by the x-ray monitor. 

 

 

Figure 2: Bunch-by-bunch beam size and rms motion at 
14 ns spacing with 0.5 mA/bunch (128 turns). 

 

Figure 3: Bunch-by-bunch beam size and rms motion 
at 14 ns spacing with 1.0 mA/bunch (128 turns). 

 

 

Figure 4: Bunch-by-bunch beam size and rms motion at 
14 ns spacing with 1.3 mA/bunch (4096 turns). 

 
Finally, Figure 5 shows the bunch-by-bunch position 

spectrum as measured by the x-ray monitor.  The vertical 
tune line can be seen at the upper part of the plot, shifting 
downward in aliased frequency (upward in tune units), 
due presumably to the electron cloud density increasing 
along the train. 

 

Figure 5: Fourier power spectrum of beam position 
measured by x-ray monitor at 14 ns spacing with 1.3 
mA/bunch (4096 turns). 
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Chromaticity Change 
At KEKB, the coherent instability threshold was found 

to change with the chromaticity, with higher 
chromaticities pushing the onset of the instability back 
along the train.  At CesrTA, two sets of measurements 
were taken varying the chromaticity, one at 14 ns spacing 
and one at 4 ns spacing.  Figure 6 shows the bunch-by-
bunch size and rms motion for a vertical chromaticity of 
1.2, and Figure 7 for a vertical chromaticity of 2.2.  Here 
the transverse feedback gains were set very low (20% in 
vertical and horizontal directions, with longitudinal off), 
which is different from the cases shown in the preceding 
section, where all feedbacks were at full normal gain 
settings, resulting in greater dipole oscillations towards 
the tail of the train.  It can be seen that while raising the 
vertical chromaticity suppressed the dipole oscillations to 
some extent, the beam sizes along the train do not change, 
and neither does the blow-up threshold appreciably. 
Figures 8 and 9 show the results at 4 ns spacing, for 
vertical chromaticities of ~-0.8 and ~-0.4, respectively.  
Again, the blow-up threshold is not seen to change 
noticeably.  (The reason for the sudden drop off in bunch 
size at the end of the train is not clear, in but may relate to 
 

 

Figure 6: Bunch-by-bunch beam size and rms motion at 
14 ns spacing, 0.75 mA/bunch, vertical chromaticity ~1.2.

 

Figure 7: Bunch-by-bunch beam size and rms motion at 
14 ns spacing, 0.75 mA/bunch, vertical chromaticity ~2.2.

 
 

 
the dipole oscillation becoming so large that much of the 
beam image is no longer contained on the detector, 
resulting in bad fits.) 

It is also seen that the blow-up threshold does not 
change appreciably when changing from 14 ns spacing to 
4 ns spacing. This may be due to the cloud lifetime being 
very long in the dipole-dominated CesrTA ring, and so 
does not decay appreciably over the space of 14 ns, 
making the cloud density roughly a function of the 
number of preceding bunches.  This is different from 
KEKB, where the instability threshold depends on the 
bunch spacing as well as the bunch currents.  Tune shift 
data are being studied to verify this.  Another possibility 
is that the 14 ns spacing may be near a multipacting 
resonance in the dipoles[9].  The reason for the 
insensitivity to chromaticity change, in contrast to the 
case at KEKB, is not known, though it may be noted that 
the total chromaticity changes tried so far at CesrTA are 
smaller than those tried at KEKB (several units).  It 
should also be mentioned that the sideband appearance 
threshold was observed to change with chromaticity[9].  
These issues are under continued study. 

 

 

Figure 8: Bunch-by-bunch beam size and rms motion at 4 
ns spacing, 0.75 mA/bunch, vertical chromaticity ~-0.8. 

 

Figure 9: Bunch-by-bunch beam size and rms motion at 4 
ns spacing, 0.75 mA/bunch, vertical chromaticity ~-0.4. 
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Emittance Variation 
At KEKB, it was found that changing the initial beam 

size did not change the blow-up instability threshold[4]. 
The initial beam size at CesrTA was also varied, using 
dispersion bumps through two wiggler sections in the L1 
and L5 regions of the ring.  The data for the enlarged-
emittance beam, with an estimated smearing function of 
~30 m (to be taken in quadrature with the natural beam 
size) are shown in Figure 10.  This should be compared 
with the un-enlarged beam data of Figure 8.  It can be 
seen that while the overall beam size is enlarged, the 
blow-up threshold is at the same location, around bunch 
10.  These data shown were taken at 4 ns spacing;  similar 
results were found at 14 ns spacing. 

 

Figure 10: Bunch-by-bunch beam size and rms motion at 
4 ns spacing with 0.75 mA/bunch, and increased base 
emittance. (Compare to low-emittance case in Fig. 8). 

For KEKB, the reason for the lack of dependence of the 
threshold on the beam size was considered to be due to 
the effective Q of the cloud oscillation around the bunch 
being ez/c, due to it being smaller than the numerically 
estimated natural Q for a coasting beam[1], where 

 

  yxy

ecr



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 
2
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with + being the line density of the bunch, re the classical 
electron radius, c the speed of light in vacuum, and x, y 
and z being the horizontal, vertical and longitudinal 
bunch sizes, respectively.  This causes the vertical size 
dependence in the cloud density threshold to cancel out 
for small vertical chromaticities [10].  CesrTA has a 
bunch length about twice as long as the KEKB LER, but a 
blow-up threshold bunch charge and transverse sizes 
smaller than those of KEKB, so a similar effective Q.  It 
also has a very small vertical chromaticity.  It is possible 
that much larger vertical chromaticities would show a 
dependence of the blow-up threshold on initial beam size. 

Feedback Gain Change 
Finally, it was observed that the transverse bunch-by-

bunch feedback had no effect on the coherent instability 
signal at KEKB[3].  Figures 11 and 12 show two different 
setting of the transverse feedback gain at CesrTA, with 
20% and 40% gain settings respectively, for both vertical 
and horizontal feedback.  While the dipole motion 
behaviour changes somewhat with the change in gains, 
the blow-up behaviour is not changed at all, consistent 
with results seen at KEKB. 

 

Figure11: Bunch-by-bunch beam size and rms motion at 
14 ns spacing with 0.75 mA/bunch, LOW feedback gain. 

 

Figure12: Bunch-by-bunch beam size and rms motion at 
14 ns spacing with 0.75 mA/bunch, HIGH feedback gain.

 

SUMMARY 
Studies are underway to probe the mechanisms of 

electron-cloud-induced beam  instabilities.  Preliminary 
results show some fundamanental similarities to the 
behaviours seen at the KEKB LER, but also some 
differences that remain subjects of study.  Further studies 
are planned to understand the similarities and differences 
between the  effects seen at CesrTA and KEKB, with the 
goal of being able to extrapolate our understanding of 
electron effects to new machines being built or designed. 
 

Proceedings of the 8th Annual Meeting of Particle Accelerator Society of Japan (August 1-3, 2011, Tsukuba, Japan) 

- 207 - 



ACKNOWLEDGMENTS 
We would like to acknowledge all the people at CesrTA 

who assisted with these studies, as well as those of 
CHESS who helped with the x-ray monitor line 
development and set-up. 

REFERENCES 
[1] K. Ohmi et al., Phys. Rev. E65, 16502 (2002). 
[2] H. Fukuma et al., Proc. HEAC01 (2001). 
[3] J.W. Flanagan et al., PRL 94, 054801 (2005). 
[4] J.W. Flanagan et al., “Further studies on betatron 

sidebands due to electron clouds,” Proc. EPAC06 
(2006). 

[5] J. Alexander et al., “First results from the CeserTA 
X-ray beam size monitor,” Proc. PAC09, Vancouver, 
p. 3505 (2009). 

[6] N. Rider et al., Proc. PAC11, NYC (2011). 
[7]  J.W. Flanagan et al., Proc. DIPAC2011 (2011). 
[8] M. Billing, private communication. 
[9] G. Dugan, private communication. 
[10] K. Ohmi, Proceedings of ILC Workshop at 

Snowmass, 2005 (KEK Preprint 2005-100, 2006). 
 
 
 

 

Proceedings of the 8th Annual Meeting of Particle Accelerator Society of Japan (August 1-3, 2011, Tsukuba, Japan) 

- 208 - 



<<
  /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 false
  /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
    /MSOutlook
    /MS-PGothic
    /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.)
    /JPN ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice




