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Introduction: LHC Cycle and Beam Parameters

o Injection

o Ramp

o Squeeze

o Collisions 
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450 GeV 
injection 
plateau 
(30min)

Energy 
ramp 
(20.2 min)

β* squeeze 
(12.5 min)

o Two circulating beams.

− Beam 1 rotating clockwise, 
beam 2 counter-clockwise.

o Collisions in four interaction 
points in the LHC.

− ATLAS and CMS are the two 
large multi purpose detectors.
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Proton beam parameters LHC Design 2012 LHC Early 2015 LHC

# bunches/ beam 2808 1374 3 - 458
Bunch spacing [ns] 25 50 25 and 50
Mean bunch length [ns] 1.3 1.2 1.2
Bunch intensity [1011 p] 1.15 1.1 - 1.7 1.0 – 1.2
Emittance at injection [μm] 3.5 1.5 – 2.0 1.5 – 3.0
Collision energy/beam [TeV] 7 4 6.5
Emittance at collision [μm] 3.75 2.4 1.5 – 4.0
β* at ATLAS/CMS [m] 0.55 0.6 0.8
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o In 2012 LHC was operated with high brightness beams.

− Transverse emittance could not be preserved during the LHC cycle.

− ~ 0.4 – 0.9 μm normalized emittance growth from LHC injection to 
start of collisions.

− But emittance measurement precision during LHC Run 1 doubtful. 

Reminder: 2012 Emittance Blow-up
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2012 LHC 
performance
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LHC Wire Scanner Intensity Limitations

o Several types of beam profile measurement systems in the LHC.

− The wire scanners are the most precise and versatile instruments.

− Two operational wire scanners per beam.

• Horizontal and vertical. 

o Wire scanners cannot be used with high intensity physics fills.

− Synchrotron light telescope (BSRT) is used for that purpose.

o BSRT cross calibrated with wire scanners.

o Currently, wire scanners are the only instrument to measure beam 
sizes through the LHC energy ramp.

− Low intensity test fills (a few bunches) are measured to evaluate 
emittance preservation during the LHC cycle.
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Run 2 LHC Wire Scanner Accuracy

o Transverse normalized emittance ε:

− (For location with no dispersion)

LHC Run 2 optics measured with k-modulation at 450 GeV and turn-
by-turn phase advance method at 6.5 TeV.

− β function accuracy better than 3 %.
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Wire scanner beam size σ accuracy

− Wire position measurement precision

• Estimated position measurement 
potentiometer precision: 50 μm

− Wire position measurement calibration

• Verified with beam by orbit bump scans at the 
wire scanner location

Lorentz factor γ 
(beam energy)
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Wire Position Measurement Calibration

o Using local orbit bumps to verify the wire position measurement 
calibration of the wire scanners.

− Beam position measured with LHC orbit system and extrapolated to 
wire scanner.

− Compared to mean position obtained from Gaussian fit to measured 
transverse beam profile.

− Measurements at 450 GeV and 6.5 TeV are consistent.

 Overestimating B2V
emittances by 6.6 %.
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Example B2V1: slope of  linear fit 
shows + 3.3 % calibration error.
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Wire Scanner Emittance Measurement Errors

o Wire scanner position calibration verification results (Δεcalibration):

− Another set of orbit bumps foreseen for the near future to check 
reproducibility of obtained results.

− The results in this talk do not include a correction of the calibration.

o All wire scanner measurements show large σ spread from scan to 
scan (Δε450GeV and Δε6.5TeV).

− Depending on scanner and energy.
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Wire Scanner Δεcalibration [%] Δε450GeV [%] Δε6.5TeV [%]

B1H2 + 7.2 25 20
B1V2 - 5.2 20 10
B2H1 + 9.0 25 15
B2V1 + 6.6 15 10
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Photomultiplier Working Point Investigations

o Wire scanner shower product amplified by photomultiplier (PM).

− Amplification settings (gain + filter) can alter obtained beam profile.

o LHC Run 1: strong dependence of measured σ on PM settings.

o Optimum PM working point has to be established!

− Scan through all available gain and filter setting combinations.
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Bunches with different
beam sizes were injected.

To remove natural ε
growth, scans with fixed
reference settings done
after each settings change.

Exponential fit

Example: B2V1 at 450 GeV
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Photomultiplier Working Point Investigations

o Wire scanner shower product amplified by photomultiplier (PM).

− Amplification settings (gain + filter) can alter obtained beam profile.

o LHC Run 1: strong dependence of PM settings on measured σ.

o Optimum PM working point has to be established!

− Scan through all available gain and filter setting combinations.
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Measured beam sizes
minus the fitted growth.

Measurements with same
gain + filter settings are
averaged.

No sign of PM saturation
at 450 GeV could be
detected.

Same for 6.5 TeV.
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First Emittance Measurements (1)

o Example Fill 4284 (August 28, 2015):

− 3 bunches with different initial emittances, intensities (0.6 –
1.1 x 1011 ppb) and bunch lengths (1.0 – 1.25 ns).
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IBS simulations with
MADX IBS module
include measured
initial beam
parameters,
dispersion, and
radiation damping.

 Measurements in
the horizontal
planes match IBS
simulation.
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First Emittance Measurements (2)

o Example Fill 4284 (August 28, 2015):

− 3 bunches with different initial emittances, intensities (0.6 –
1.1 x 1011 ppb) and bunch lengths (1.0 – 1.25 ns).
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IBS simulations with
MADX IBS module
include measured
initial beam
parameters,
dispersion, and
radiation damping.

 Measurements in
the horizontal
planes match IBS
simulation.

ε450GeV [μm] ε6.5TeV [μm] Δε [%] Δεsim [%]

B1H 1.90 2.08 9 8
B1V 1.71 2.04 19 -2
B2H 1.50 1.65 10 10
B2V 1.58 1.95 23 -2

Emittance growth through the cycle of  bunch 3

Vertical emittance growth through the cycle
could not be reproduced with IBS simulations.
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Emittance Growth during the LHC Ramp

o Measured β during ramp not yet available.

− Using linear interpolation of measured β at injection + flattop.

o Current β knowledge results in unphysically growing/shrinking ε.

− Run 1 experience: non-monotonically changing β functions during the 
ramp.
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Measurements in the
horizontal planes
consistent with IBS
simulations during the
ramp.

Beam 2 vertical
emittances grow 20 %
(~ 0.3 μm).
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Emittance Preservation during the Squeeze

o Within measurement accuracy emittances are conserved during 
the β* squeeze.

− Result is reproducible.
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Emittances
measured with BSRT
and averaged over
several hundred
measurements.

Also need measured
β functions during
the squeeze.
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Emittance at Start of Collisions

o Comparison of emittance from wire scans 
and luminosity:

− Fill 3954 (July 4, 2015), one bunch in collision.

− According to experts ATLAS luminosity low 
by ~10 % with uncertainty±10 %.

• 5 % error on crossing angle

• ±1 cm error on measured bunch length.

• β* measured with k-modulation with 1 % uncertainty.

o Preliminary: ATLAS and wire scanner results agree within errors.

− Better than during Run 1.
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Injection Collision Growth

WS ε [μm] 2.51 ± 0.10 2.75 ± 0.20 0.24 10 %
ATLAS ε [μm] n.a. 2.97 ± 0.36 0.46 19 %

L …. Luminosityk …. # bunchesN …. # protons / bunchf …. Revolution freq.F …. Luminosity 
reduction factor

ܮ ൌ 	݇	ܰଶ	݂	4ߛ	ߨ	∗ߚ	ߝ ∙ ܨ
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Radiation Damping at 6.5 TeV

o At high energies protons circulating in the LHC emit enough 
synchrotron radiation to modify the beam parameters

− First observed during LHC Run 2

− Counteracts IBS: reduction of vertical emittance
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Simulations with MADX IBS
module.

Simulation predicts
slightly faster emittance
decrease than measured
with BSRT.

Additional emittance
growth from proton
collisions + beam–beam
effects not included in
the simulation.
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Current Performance of the LHC

o Emittance in collisions 
derived from luminosity.

o Injection emittance of first 
batch measured with SPS 
and LHC wire scanners.

Emittance blow-up through the 
cycle:

o 50 ns beams show very little 
blow-up (~ 10 %), much 
smaller than during Run 1.

o Large blow-up for 25 ns 
beams (25 % for most 
recent fills).

− Electron cloud effects

− Beam instabilities
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Summary & Conclusion

o Good progress in understanding wire scanner emittance 
measurements for LHC Run 2.

− Wire scanner calibration verified, no PM saturation effects detected.

Emittance growth during the LHC cycle:

− Horizontal emittance growth matches IBS simulations.

− Small growth in the vertical planes not yet understood.

• Caveat: single bunch fills.

− Synchrotron radiation damping observed for the first time at 6.5 TeV.

− With still not fully calibrated luminosity data: emittances from wire 
scans and ATLAS luminosity agree within errors.

o Smaller emittance blow-up (~ 10 %) through the cycle than during 
Run 1 for 50 ns beams.

o 25 ns physics beams show much larger growth.

− Electron cloud effects and beam instabilities.
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APPENDIX
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Outline

o LHC cycle and beam parameters

− LHC Run 1 transverse normalized emittance blow-up

o LHC wire scanner intensity limitations

o Run 2 LHC wire scanner accuracy

− Wire position measurement calibration

− Photomultiplier working point investigations

o First transverse normalized emittance measurements

− Emittance growth during the LHC ramp

− Emittance preservation during the squeeze

− Emittance at start of collisions

− Radiation damping at 6.5 TeV

o Current performance of the LHC
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CERN Accelerator Complex

21

Beam 1

TI2

Beam 2
TI8

LHC proton 
path

The LHC needs most of the CERN accelerators...
M. Kuhn - Sept. 16, 2015
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Photomultiplier Saturation Studies Run 1

o Photomultiplier (PM) gain and filter can have a strong influence on 
measured beam size

− See measurements of 2012
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PM saturation studies at 4 TeV in 2012.PM saturation studies at 450 GeV in 2012.

Observed strong gain dependence at  450 GeV and 4 TeV during Run 1!
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Photomultiplier Working Point at 6.5 TeV

o Measurements at 6.5 TeV 
more difficult.

− Smaller range of 
possible PM settings                                                                                     
before ADC saturation.

o No evident sign of PM 
saturation at 6.5 TeV 
could be seen.

o Run 1 investigations showed significant dependency of measured 
beam size on PM settings.

 LHC wire scanner upgrade during Long Shutdown 1:

− One broken wire scanner replaced (beam 2).

− Power supply schematics upgraded.

− PM gain dependency on light intensity reduced.
23M. Kuhn - Sept. 16, 2015
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LHC Optics Measurements

o Can use results from optics measurements with the turn-by-turn 
phase advance method and k-modulation for:

o Outstanding measurements:

− K-modulation at 6.5 TeV and after the squeeze

− Turn-by-turn phase advance measurements at 450 GeV (repeated) 
and during the ramp!

o For emittance plots: using measured β where possible

− β function measurement error < 3 % 

− Maximum measured beta beat is 5 %  at the wire scanners

− Linear interpolation during the ramp and squeeze
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IR4 IP1/2/5/8

Injection Ramp Flattop After Squeeze β*

K-modulation x x
Turn-by-turn x x
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β* Measurements

o Sinusoidal k-modulation in IP1/5 on August 8, 2015
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I = 10 A
f  = 0.01 Hz

Measurement error on tune 
oscillation amplitude in sub-
percent level

 β* meas. uncertainty ≤ 1 %

Beta beat ≤ 1 %

Compatible with turn-by-turn 
measurements

Prelim
inary!

IP1 [m] IP5 [m]
B1 B2 B1 B2

β* H 0.81 0.79 0.80 0.80
ΔβH 0.01 0.004 0.001 0.01
β* V 0.81 0.79 0.79 0.79
ΔβV 0.01 0.01 0.01 0.002



LHC
Bunch Length Measurement

o Longitudinal bunch shape not Gaussian at 6.5 TeV

− Due to controlled longitudinal RF blow-up at flattop energy

o But LHC bunch length monitor publishes 4σ bunch length values 
based on FWHM algorithm assuming Gaussian profiles

 Bunch length error ±1 cm!

 “True” emittance from luminosity should be larger by 0.1 μm

26M. Kuhn - Sept. 16, 2015



<<
  /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


