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Motivation for the single electron studies

» Observation of a truly point-like object in a storage ring allows deep understanding
of a single-particle dynamics

— Mandatory basis for a successful implementation of advanced beam control concepts
* Halo and losses suppression
* Instabilities suppression
* Higher beam power
— Valuable machine diagnostics information
 Betatron and synchrotron dynamics
* Non-linear dynamics
* Tune dependence on amplitudes
* Residual gas properties
— Validation of simulation tools
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State of the art with a single electron tracking

» Most studies of a single electron in storage rings were focused on a longitudinal
dynamics.
— Registration of arrival times of individual photons allows tracking of synchrotron
oscillations of one or a few electrons.
* In previous experiments at IOTA we used digital cameras to track all 3 mode
amplitudes (2 betatron and synchrotron) as well as PMTs and SPADs to track
synchrotron oscillations

« Capability to track only 2 remaining dynamical variables — betatron phases - is
necessary for a full 6-dimensional tracking!

» Therefore, we decided to demonstrate feasibility of a Betatron Oscillations Tracking
of a Single Electron (BOPTSE)
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IOTA overview

4

8/9/2022

Aleksandr Romanov | Experimental Phase-Space Tracking of a Single Electron in a Storage Ring

2% Fermilab



Experimental setup for BOPTSE experiment

 Straight-edge screen is
blocking one half of the image

» Screen is positioned in the
same plane as camera sensor
by the 3D-printed attachment

« Camera is installed on a stack
of focusing and transverse
stages

* Transverse position is
selected such that the base
counting rate of the PMT is
reduced by 50%

e” turn-by-turn positions
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Experimental data

» Described single-pixel detector collects
photons from only one half of the phase
space

* Even such a coarse “camera” can provide
information if enough photons are collected

» Expected detection rate of photons is about
3750 counts per second, or about one per
2000 turns

» Data from 50us (~180 photons), ideally,
would give presented contour plot for the R =

likelihood function: -
The root mean square spread of the

F(‘P) V) — ZH [Sin(27r(iyv + ¢))} reconstructed phases and tunes after 30

simulations were 0.02*21 and 7*108
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Lattice configuration

Special lattice was designed with favorable beam parameters:
* Big horizontal beam size at the M3L observation point M3L

* Long damping times 0°:: |
« Zero dispersion in the regions with . //\X/\\ /,\* // \\ //\r"’)/\\
aperture restrictions °-°15/{\ “\( /L_>'\ A]\ \/| \ /\K‘
1E-2
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]S)ynch.rotroln tune, v 7.18 x 10 \ zgg \UANEIA | \ 1
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Studies timeline

2 hours of access were required to attach the straight-edge screen to the
M3L camera and to verify light tightness of the M3L station.

* Initial commissioning of the data acquisition system were done in the
nominal IOTA lattice, taking 2 half shifts.

« Commissioning of a special lattice with long damping times and larger
horizontal size

— Three 8-hour shifts and 4-hour shift (planned: three 8-hour shifts)

« Taking experimental data in various regimes
— Two 8-hour shifts (planned: up to four 4-hour shifts)

The studies were completed within the requested time.
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Main result: betatron tune of a single electron!

» Data analysis confirms groundbreaking potential of the ideas tested with the
BOPTSE experiment:

— For the first time, betatron tune was measured using a single electron in a
storage ring

» The last obstacle on the way towards full 6D tracking of a single particle is proven to be

solvable
1 8E4 ——— .Betatron oscillations tracking of a single electron {avaraging of 1268 samples of 20 photons)
17854 Likelihood function
1.76E4
1.74E4 J
1.72E4
1.7E4 ) ] =y T ¥ T T L
1.66E4 ‘ { Betatron tune
0.§Ch . }3951  inded 0.4 0405 0.41 0415 042
romatic effects include
Data taking duration: Averaging of likelihood functions from 1268 streaks
3 minutes of 20 photons arrived within 20000 turns
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Possible complications

* Tune dependence on the mode amplitudes

— Chromatic effects from the synchrotron oscillations

» Can be accounted for because data was taken with a PMT and time of arrival of each
photon is available

— Tune dependance on the betatron amplitudes

* Images from 3 sensitive cameras were recorded in parallel with PMT measurements, this
allows reconstruction of slowly changing betatron amplitudes

» Other non-linear dynamics from various imperfections and edge fields
— Hard to account for, since there are too many variables, and the data is too coarse

* Power supplies ripple

— Hard to account for, but closed orbit data analysis suggests that biggest ripples have
frequency of 10 Hz, which should allow to work with a data streaks of 100-200 photons
as if there is no ripple.
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Synchrotron oscillations

» To account for chromatic effects, synchrotron oscillations were tracked
through the entire data set.

« Chromaticity value was adjusted to maximize likelihood function
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Time of arrival statistics

* On average, there is about 1 photon per 2000 turns,
but since photon-to-photon intervals are random and
follow exponential distribution, it is possible to hand- tntisticsof #-photons detection nteral
pick photon streaks that are denser than average. o« 11

—With short enough streaks, it is even possible to ™
avoid effects of synchrotron oscillations JH

|

I
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Accounting for synchrotron oscillations

Slow synchrotron oscillations introduce perturbations that can change the
betatron phase by more than 11. To the first order, the dependence of the betatron
tune on the relative momentum deviation of an electron can be presented as:

Vx = Vxo + CxAp sin(2nven + ¢g0)

C, - horizontal chromaticity, Ap - amplitude of synchrotron oscillations.
Assuming v,<<1, this expression can be integrated to get a betatron phase:

C,A;
L Vol + al (COS(QDY()) —cos(2mven + @g0)) + — b
27 aplp 27

The likelihood function for a set of photons with turn numbers n,:

F(@x0,vx) = Z H [sin(¢y)]

My
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Effect of synchrotron oscillations

» Within a narrow window of 300 turns, even a simple sin-wave fit gives
betatron tune

Betatron oscillations tracking of a single electron (avaraging of 299 samples of 4 photons within 300 turns)

1160
1140 HLikelihood function
1120 N
1100 LAY
1080 .y A
1060 el
1020 %MC ,.__}'“ g™ LYW * P T
1000 ad A,
980 — Betatron tune
0.3{95 04 0.405 0.41 0415 042
. Chromatc e ; ed - _Assuming no chromatic effects
Betatron oscillations tracking of a single electron {avaraging of 1268 samples of 20 photons)
18E415 -
Likelihood fynction
1.78E4

e vy
| u PLWNA, h ity il ) AN AP

1.7E4 ¥
1.68E4 Belatron tune

04085 0407 04075 0408 0.4085 0409 04095 041 0.4105 0411
S Assuming no chromatic effects . Chromatic effects included

« Longer photons streaks require synchrotron oscillations to have visible signal
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Unknown effects

* When compared to a simulation, it is clear that there are big
systematic difference between the used model and the real
electron dynamics in the |IOTA storage ring

Betatron oscillations tracking of a single electron (avaraging of 1268 samples of 20 photons)
Likelihood function

2.3E4
2.2E4
2.1E4

2E4
1.9E4
1.8E4

1.7E4
1 6E4 Befatron tune

0.399 0.4 0.401 0.402 0.403 0.404 0.405 0.406 0.407 0.408 0.409 0.41
ssuming no chromatic effects ~~_Simulation, ideal case ~~_ Chromatic effects accounted
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Instrumentation “resonances’

* Due to the fact that only one PMT was used there are “algebraic resonance lines” in
the reconstructed betatron tune if chromatic effects are not included.

— The most prominent lines are 1/3 and 1/5 and 2/5
- On average, for a wrong tune, likelihood function, should be slightly above (N, /2 +

N, 72)

— With tune on a “resonance”, all arrival phases cluster in 3 or 5 groups and it is possible
to pick a phase that will match 2 or 3 biggest clusters.

"Algebraic resonance” <
19541 ikelinood function
1.85E4 l \
1.8E4 / \ -
e BN SN \ J

—

1.7E4
1.65E4 Betatron tune

0.3999 0.3999 04 04 04 0.4001 0.4002
S Assuming no chromatic effects

L —
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Chromaticity measurements

* The used simple tool allows precise measurements
of the chromaticity

—Single-parameter fits give ~10% accuracy

Betatron oscillations tracking of a single electron (avaraging of 1268 samples of 20 photons)

V8B4 kelinood function

1.78E4

1.76E4

1.74E4
1.72E4 -

1.7E4
1 68E4 Betatron tune
0.4075 0.408 0.4085 0.409 0.4095 0.41
. Chromatic effects included ~_Chromaticity -10% _Chromaticity +10%
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Amplitude tune dependance

» During the BOPTSE shift, a classic tune measurements were done for various kick
amplitudes

— BOPTSE data shows that even the smallest kick gives betatron tune that is different
from near-zero amplitude tune normally experienced by particles

0.412

Vi i
0.411 from h-kicks
0.410 I
0.409

I from1e

hor. kick, arb units

0.408

0.0 0.2 0.4 0.6 0.8 1.0 1.2
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A 6D tracking for non-linear lattices

The goal: Direct observation of invariants and
characterization of lattice parameters
* Pencil beam approach

— Use of conventional diagnostics

— Many points per turn

— Limited resolution

* Fast decoherence of the signal
» Mixing of various decoherence sources

« Single electron tracking
— Sparce data, about 1 point every 10-100 turns
— Long coherence of the oscillations
— True point-like test object
— Natural scan of the phase space volume

Turn-by-turn beam coordinates in the
I0TA ring with a non-linear lattice, each
color correspond to a specific BPM.

35

30

Amplitude (mm)
= = N N
o (¢} o (%]
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The path towards 6D tracking

LDRD grant was approved to demonstrate e 0Jrom Becker & Hicld Distancepriiiéaéﬂiﬁ%%:":‘; -
full 6D tracking of a single electron at IOTA — :
» The first stage studies are planned for the
current IOTA’s run-4 16
— Two 16-channel PMTs will be used to track
electron with limited resolution
» The second stage studies would rely on MCP 16 mm
based detectors '
— Single photon sensitivity with quantum Photon —————>
efficiency of 15-20%@500nm Photoelectron f—xy =\Photocathode

— Spatial resolution of 30-50 um
— Temporal resolution of 200-300 ps

— True 2D resolution with sensitivity to
coupling

}MCP stack

MCP electrons — Resistive layer

. )
Position sensor ~}Dielectric substrate
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Summary

« BOPTSE experiment demonstrated feasibility of a complete 6D single electron
tracking

« Even a readily available instruments with small additions allow precision
measurements of a true betatron tunes and chromaticities

» With addition of data from sensitive digital cameras, a precise information about
amplitude dependance of betatron tunes can be measured

 Position sensitive photon detectors will enable an even deeper analysis and
understanding of storage rings, which is crucial for successful design,
commissioning and operation of future accelerators

2% Fermilab

21 8/9/2022 Aleksandr Romanov | Experimental Phase-Space Tracking of a Single Electron in a Storage Ring




<<
  /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 true
  /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
    /Calibri-Light
    /Calibri-LightItalic
    /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
    /ComicSansMS-BoldItalic
    /ComicSansMS-Italic
    /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
    /Ebrima
    /Ebrima-Bold
    /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
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /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
    /JavaneseText
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LeelawadeeUI
    /LeelawadeeUI-Bold
    /LeelawadeeUI-Semilight
    /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
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /MalgunGothicSemilight
    /MalgunGothic-Semilight
    /MANDELA
    /Mangal-Regular
    /Marlett
    /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
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MICRODOT
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiLight
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUILight
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiLight
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /MicrosoftYaHeiUILight
    /Microsoft-Yi-Baiti
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyanmarText
    /MyanmarText-Bold
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NirmalaUI-Semilight
    /NSimSun
    /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
    /PMingLiU-ExtB
    /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
    /SegoeMDL2Assets
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUIBlack
    /SegoeUIBlack-Italic
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUIEmoji
    /SegoeUIHistoric
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-LightItalic
    /SegoeUI-Semibold
    /SegoeUI-SemiboldItalic
    /SegoeUI-Semilight
    /SegoeUI-SemilightItalic
    /SegoeUISymbol
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SimSun-ExtB
    /SitkaBanner
    /SitkaBanner-Bold
    /SitkaBanner-BoldItalic
    /SitkaBanner-Italic
    /SitkaDisplay
    /SitkaDisplay-Bold
    /SitkaDisplay-BoldItalic
    /SitkaDisplay-Italic
    /SitkaHeading
    /SitkaHeading-Bold
    /SitkaHeading-BoldItalic
    /SitkaHeading-Italic
    /SitkaSmall
    /SitkaSmall-Bold
    /SitkaSmall-BoldItalic
    /SitkaSmall-Italic
    /SitkaSubheading
    /SitkaSubheading-Bold
    /SitkaSubheading-BoldItalic
    /SitkaSubheading-Italic
    /SitkaText
    /SitkaText-Bold
    /SitkaText-BoldItalic
    /SitkaText-Italic
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TeXGyreTermes-Bold
    /TeXGyreTermes-BoldItalic
    /TeXGyreTermes-Italic
    /TeXGyreTermes-Regular
    /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
    /YuGothic-Bold
    /YuGothic-Light
    /YuGothic-Medium
    /YuGothic-Regular
    /YuGothicUI-Bold
    /YuGothicUI-Light
    /YuGothicUI-Regular
    /YuGothicUI-Semibold
    /YuGothicUI-Semilight
    /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


