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Introduction

In general terms, a beam is unstable when a moment of its distribution 
exhibits exponential growth…

Instabilities are limiting factor of number of bunches that can be injected 
and stored in LHC – especially for run 2 machine parameters.
Important to be able to measure properties of the beam before, during 
and after an instability to understand the source and make corrections.Re
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Operational usage of instability diagnostics

From an operators point of view, 
usually the most obvious symptom 
is emittance growth and losses on 
some bunches.

Can happen at various, and not 
always predictable, times during 
regular operation.

By the time the emittance growth 
is seen with BSRT it is often too late 
measure properties of instability.
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Need to detect instabilities as they occur to measure relevant beam 
parameters to be able to make suitable corrections to machine settings.



Machine development usage of instability diagnostics

Also important for validating the LHC impedance model…
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Head-Tail modes
The Head-Tail (radial) mode numbers describe how the bunch is oscillating:

For mode ±N, there are N stationary points. Seen by a transverse BPM:
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Mode ±1: head and 
tail out of phase

Mode 0: rigid 
bunch motion

Mode ±2: head and tail in 
phase, center in opposition

Q’ = 0

Q’ ≠ 0

Mode 
0

Mode 
±1

Mode 
±2



LHC bunch spectrum

The bunch spectrum depends strongly on bunch shape and length.
For a typical LHC bunches (4σ ≈ 1ns) spectrum extends to several GHz.
In the presence of intra-bunch motion, there is a shift of the bunch 
spectrum to higher frequencies as the mode number increases:

So, we need a wideband BPM and acquisition chain to resolve intra-
bunch motion…Re
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Acquisition of transverse BPM sum/difference 
signals with a fast oscilloscope.

Originally installed in SPS (and later LHC) for 
chromaticity measurements through 
observation of head-tail phase shift [2].

Stripline length dimensioned to separate 
pulses in time. Can gate on first pulse and 
remove the notches the spectrum.

• LHC bunch length ~ 1 ns
• LHC bunch spacing ~ 25 ns
• L = 40 cm (τ = 2.7 ns)

LHC Head-Tail Monitor
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[2] S. Fartoukh & R. Jones, "Determination of Chromaticity by the Measurement of Head-Tail Phase Shifts …", CERN-LHC-Project-Report-602, Jul. 2002



Practical problems with fast digitizers
1. Limited dynamic range (ENOB)

• Can only see larger instabilities
• ADCs approaching fundamental limits,

cannot expect drastic improvements

2. Slow readout
• 10-15 seconds for LHC
• Limits time between triggers

3. Short acquisition length
• Makes it difficult to catch an instability
• 11 turns for all bunches in LHC
• New digitizers with very large acquisition 

memories being tested (64GB = 1.6s = 18k turns)

4. Large data files
• Challenging to store, analyse

Digitizer ENOB vs Sampling Rate [3]
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Typical ENOB 
for fast 

digitizers 
(6-7 bits)

[3] B.E. Jonsson, “ADC performance evolution: Sampling rate and resolution”, Converter Passion, August, 2012
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LHC Head-Tail – data processing

Processing required for each acquisition:
• Bunch detection
• Turn-to-turn alignment of traces
• Baseline removal

Previously performed manually… bearable 
for small numbers of “MD” measurements.
Not practical for large amounts of data 
saved during day-to-day operation.
Fully automated tools built to analyse and 
detect acquisitions with unstable bunches. 
“Uninteresting” acquisitions can be removed 
automatically to reduce data set size.
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LHC Head-Tail – as seen by operation
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LHC Head-Tail – as seen by operation
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(n.b. different 
scales in H/V)



LHC Head-Tail – some results

…
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Synchronous triggering

• Head-Tail monitor requires precise triggering to catch 
instabilities with optimum amplitude.
• Many other instruments can potentially generate useful 

information – beneficial to have concurrent measurements.
• Need a synchronous trigger system for multiple instruments, 

distributed around the LHC ring.

Basic operational principal:
1. High resolution detector sees growth of an instability.
2. Sends a trigger across the network.
3. Triggers other instruments after suitable delays.
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LHC Instability Trigger Network
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Synchronous Ethernet network based 
on White Rabbit technology. [4]

Input trigger pulses timestamped and 
distributed over network.

Pulse can be recreated at any one or 
more outputs after a fixed delay.

Synchronisation of all node’s clocks 
assures fixed delay between any input 
and any output with sub-nanosecond 
accuracy and picosecond precision.

[4] T. Włostowski et al, “Trigger and RF distribution Using White Rabbit”, ICALEPCS 2015, Melbourne, Australia, WEC3O01, 2015.
[5] http://www.ohwr.org/projects/wr-node-core/wiki/LHC_Instability_Trigger

Based on CERN Open Hardware 
designs (SVEC, TDC & Fine Delay). [5]



LHC base-band tune system

LHC is equipped with a base-band tune (BBQ) measurement system with 
high sensitivity detectors sampled by high resolution audio ADCs. [6]

Note, diode detectors operate as peak detectors and are sensitive to 
largest amplitude bunches, smaller amplitude bunches can be “hidden”.
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Trigger generation from BBQ
Instabilities seen as a growth in the spectrum at tune frequency Q (±n×QS)

Can use growth of peak amplitude to detect instabilities. As instability 
peak often dominates spectrum, looking at time-domain information gives 
similar information and is simpler for real-time, low-latency, analysis.
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Trigger generation from BBQ
Re

ce
nt

 D
ev

el
op

m
en

ts
 fo

r I
ns

ta
bi

lit
y 

M
on

ito
rin

g 
at

 th
e 

LH
C

 |
  I

BI
C

 2
01

6 
 |

  T
. L

ev
en

s
15

/0
9/

20
16

20

Two algorithms developed and tested 
running in real-time on FPGA soft-core:
1. Compares the amplitude difference 

of three averages of time domain 
signal with different lengths
• Found to be sensitive to noise, glitches
• Has many parameters to tune
• Cannot detect slow amplitude growths

2. Uses a more statistical analysis of 
behaviour of time domain data
• Less susceptible to noise and glitches
• Similar or better performance with 

“obvious” amplitude growths
• Can detect slow amplitude growths



Trigger generation from BBQ
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With higher number of bunches and 
high transverse damper (ADT) gain, 
situation is less clear:
• Raw BBQ spectrum can be 

dominated by other noise sources
• Higher intensity bunches can mask 

instability of lower intensity bunches

More sensitive algorithm can still detect 
instabilities of a small number of 
bunches and trigger the Head-Tail –
but generates many spurious triggers.

Work is ongoing to improve the 
robustness of these algorithms.



Ongoing developments

Remember, increasing head-modes have shift 
of beam spectrum to higher frequency.
Multi-band Instability Monitor (MIM) [8] uses a 
RF filter bank to select different frequency 
bands of beam spectrum.

• For LHC: 0.4, 0.8, … 2.8, 3.2 GHz

BBQ like diode detection and acquisition.
• Options for later bunch by bunch upgrade

Comparison of relative power in bands gives 
indication of mode number.
First version now installed for testing in LHC.
Concept has also been tested at higher 
frequency at Australian Synchrotron [8] with 
three bands up to 12 GHz.

Re
ce

nt
 D

ev
el

op
m

en
ts

 fo
r I

ns
ta

bi
lit

y 
M

on
ito

rin
g 

at
 th

e 
LH

C
 |

  I
BI

C
 2

01
6 

 |
  T

. L
ev

en
s

15
/0

9/
20

16

22
[7] R. Steinhagen, et al, “A Multiband-Instability-Monitor for High-Frequency Intra-Bunch Beam Diagnostics”, IBIC, Oxford, 2013
[8] T. Lucas, et al, “An Optical Intra-Bunch Instability Monitor for Short Electron Bunches”, IBIC, Melbourne, 2015



Conclusions
Instability diagnostics are important for understanding sources of transverse 
instabilities seen during normal operation in the LHC.

LHC Head-Tail monitor allows direct time domain analysis of intra-bunch motion 
but has limited dynamic range and acquisition length, so must be accurately 
triggered to catch fast instabilities. Automatic tools for data analysis have been 
developed to remove automatically “uninteresting” acquisitions.

LHC now has an Instability Trigger Network to synchronously distributed triggers 
between various diagnostics with sub-nanosecond precision.

Sensitive BBQ acquisition system has been used to generate a trigger for the 
Head-Tail monitor with good results. Two different algorithms have been tested 
but suffer from BBQ signal quality with many bunches and high ADT gain.

Ongoing developments in frequency domain analysis with MIM.
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Thank you for your attention!

Re
ce

nt
 D

ev
el

op
m

en
ts

 fo
r I

ns
ta

bi
lit

y 
M

on
ito

rin
g 

at
 th

e 
LH

C
 |

  I
BI

C
 2

01
6 

 |
  T

. L
ev

en
s

15
/0

9/
20

16

24





<<
  /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


