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Diagnostic and Instrumentation Challenges
at LCLS-II

Patrick Krejcik
SLAC National Accelerator Laboratory
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Key accelerator” diagnostic and instrumentation
challenges at X-ray FELs

* High brightness, high peak current beams
— Requires measurement of very small transverse beam sizes
— And ultra short bunch length measurements
— Single-pass machine requires bunch-by-bunch measurement

« Add to this the requirements for new generation of
superconducting CW linacs
— High average beam power needs minimally invasive diagnostics
— High repetition rates require high data acquisition rates

— Diagnostics and instrumentation must be fully integrated with the
timing system and machine protection system

* for LCLS-Il photon controls see Dan Flath’s talk MODPLO06
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» Superconducting 1300 MHz CW linac

« Warm, copper S-band pulsed linac
* Nominal 1 MHz bunch repetition rate

* 120 Hz single bunch repetition rate

.« 3.5t0 14 GeV * 4.5GeV
« Up to 250 kW average beam power
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Shopping List of diagnostics for LCLS--II
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Beam Position Monitors (BPMs) — (255, strip-lines, cavity, and cold-buttons)
YAG Screens (6, x & y beam profile — thick screen)

OTR Screens (14, x & y beam profile — sensitive to u-bunching)
Wire-Scanners (31, x or y beam profile — fast scans needed at ~0.3 m/s)
Transverse RF Deflectors (1-3, allow time-resolved bunch measurements)

Rel. Bunch Length Monitors (4, measures relative bunch length for
feedback)

Beam Loss Monitors (BCS and MPS loss detection)
Micro-Bunching Detector (not in baseline yet)

Beam Toroids (< 2 MHz only — does not see gun dark current)
Average Current Monitors (BCS, cavity based, new)

Faraday Cups (2, absolute bunch charge — FC after gun temporary)

Bunch Arrival Time Monitors (cavities, not in baseline yet)




Major Control System Differences

LCLS-I

120 Hz data acquisition rate

Buffered single bunch beam
synchronous acquisition from all
devices for all consecutive bunches

VME crate with EPICS I10C
processors

Distributed event-based timing
system with discrete timing
receivers

Machine protection over a
dedicated network with single
bunch 8.3 ms response latency

NATIONAL ACCELERATOR LABORATORY

LCLS-II

1 MHz data acquisition rate

Buffered single bunch beam
synchronous acquisition from all
devices for all consecutive bunches

Common platform for high-
performance systems based on
ATCA crates and board-level
FPGA processing

Distributed pattern-based timing
system with embedded timing
receivers

Machine protection over a
dedicated network with 100 us
response latency




Status — Common Platform

- Hardware ¥
— Final ATCA AMC carrier completed and being used by =
sub-systems for sub-system development. Hardware
being used by projects outside LCLS-II at SLAC.
 Firmware e

— Base firmware in place and being used for sub-system
development

— Timing system & MPS base firmware integrated

Software

— Software released and being used for sub-system
development

Procurement
— Production underway for Early injector Gun " aase Module Crate
Commissioning (EIC)

ol AR

NATIONAL ACCELERATOR LABORATORY




HPS Common Platform: Firmware: Block Diagram

AMC 0 AMC 0 AMC 0 AMC 0
ADC / DAC I0s DACs ADCs
Config | | |
AMC 0 AMC 0 AMC 0 AMC 0
Config 10 JESD TX JESD RX

AMC 1 AMC 1 AMC 1 ADAC'V'/CDL c
I0s DACs ADCs )
| | | Config
AMC 1 AMC 1 AMC 1 AMC 1
10 JESD TX JESD RX Config

Application Firmware

(Specific To Each Sub-System, all other firmware is provided by common platform)

To All —
Blocks MPS Interface
I I Register l
DDR3 SW Register Master Al
Arbiter LT3y Master Deb Fault
Transfer (Debug) Transfer
DDR3 UDP/RSSI UDP/RSSI UDP/RSSI PMI MPS
Controller Engine Engine Engine Network
DDR3 Backplansg
Memory ubpP | Eth PHY MPS
Router & MAC
Backplane Ethernet IPMI

RTM
Interface
o RTM Timing
Digital & pFP Stream
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LCLS-ll Timing System
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* Need flexibility in timing pattern control Qé

— arbitrary bunch trains from 1 Hz to 1 MHzto multiple
destinations

— Beam synchronous data acquisition of single bunch data at
1 MHz

» Timing data now also includes expected bunch charge

Pl ing,pther beam parameters - metadata
—

I I\
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Timing Pattern and Fast “Beam Loss”
Measurement

P W
Frame data is serialized as 186MHz of 16-bit words (+8b/10b encoding = 3.71Gbps)

Recovered clock is beam synchronous

v

Start Start Timin End Other End
Idle| of of 9 of RC| of | Idle
Segment Segments
Frqame Segmen Segment Frame
| N >
Possibilities include:
64 Unique, monotonic. Increments at base rate. F
ast feedback

64 Time since 1990 epoch. Increments at programmed step size DAQ Control ’
10 Fixed rate markers 0-9; one bit for each. )

. . : LCLS-I Timing.

Power line synchronized markers 0-5, one bit for each.
3 360Hz timeslot 1-6, persistent. Computed from TS1 input.
1 Beam is requested from the injector. FaSt ContrOI,
4 Beam destination {HXL,SXL,D10,DL,InjSpec}. P
¢ JSpec) — acquisition commands,

16 Bunch charge.
4x16 Beam energy at 4 locations. bea m meta_data
4x64  For each buffer, initialize, average, acquire, finalize.
288 16b control step data for each of 18 sequences.

P

INNOVATION: diagnostic devices can immediately flag if the measured charge
on a single bunch does not agree with expected value for MPS
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Status - Timing

« Timing Pattern Generator (TPG, aka EVG)

— Hardware and firmware complete. Integrated
with EPICS 10C software.

— TPG IOChas been run few months for testing

 Fanout
— Hardware Fabricated and Tested

* Non HPS Timing Patter Receiver (TPR)
— Hardware Fabricated and Tested

* Phase Reference Line (PRL)

— Hardware Tested.
— Performance Validate with LLRF and MO/LO

e Software

— TPG Software prepared for Production
Standards

— Beam Sync Acquisition EPICs support
module and TPG SW near completion

Non HPS TPR
(PCle EVR)

Procurement EIC
— Complete and in assembly

M. Weaver
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Machine Protection Requirements

o
« 250 KW av. beam power at 1 MHz rep rate needs fast abort

Fast shutoff at
Gun and Fast Kicker

Il [ O (O 11 f I PN (A R " T ST TR NS (I T ST
T 17T 17T 1T T I I I I I I I I
A-line
LCLS-11 5C Linac W, proposed FACET-II L ] LCLS-I BSY SXU
- b e— D D S — — 'I:/(_Zl__l
L1 L2 L3 extension line bypass line Cross-over 1l
all
Sector-0 A A A A SE‘IOI‘-IU A A A Sector-20 Sector-30
B-line
O - G E B 1T OO d 1 SO = L) P ¥ i SN0
s (m) Multiple inputs from

Loss monitors and other devices

At 1 MHz there are already ~14 bunches in the pipe
 Design for <100 us shutoff time
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MPS Overview = R. Herbst

Database contains list of
devices, their associated
crate/card inputs & application

thresholds. \ ¢

Operations GUI Application
Status & Bypass Control

Complex rules processed in this layer
/ (same approach as LCLS-1 MPS)

Configuration and Logic Configuration — > s ﬂBean?_Permg 10C
Editor Application and Logic oftware Layer Simple slave to central node.
SRR Gun / kicker permit outputs.
—ee—"]
Crate MPSI0C | ——r Message
Timeout
Engine Mitigation
Nodes
Mitigation
Fast
Message _
Mitigation —> Timing
Logic e Generator

Beam power class limit
communicated to timing

nerator.
Crates Central Node generate
e  Application MPS logic applies a set of pre-defined e  Central node processing threshold comparison results and digital
thresholds to application inputs. Threshold results inputs.
are sent in messages to central node. e  Fast mitigation logic compared threshold & digital input state
° Digital inputs are optionally debounced and sampled against permitted values for each power class.
values are sent to central node. e  Slow processing logic in software compares combinations of
e Link node (slot 2 card) forwards messages to central threshold results and digital inputs.

node. e  Resulting power class limits and mitigation states are generated.



Select just two examples of diagnhostic challenges

* Transverse beam size measurement
— Profile monitor screens won't tolerate high rep rate
— And are susceptible to coherent radiation from microbunching
instabilities
— Therefore rely on FAST WIRE SCANNERS
« Complex trajectory and speed control to acquire profile without destroying wire
Longitudinal, temporal bunch profile
— Need sub-femtosecond resolution for both electrons and photons
— Non-invasive measurement

— Use X-band RF transverse deflecting cavity to streak the beam
« XTCAV




Fast Wire Scanners developed at LCLS-I

« Linear dc servo motor acting through dual bellows at 45°
* High speed significantly reduces emittance measurement and tuning time

1 MHz beam at LCLS-Il requires 0.5 m/s wire speed

ol AR

NATIONAL ACCELERATOR LABORATORY




Slow speeds are also required
depending on beam rate
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Operational lessons learned

« Complex trajectory and speed control is required
» Position encoder is read back synchronously with the beam
« But also need to monitor motor current
* PID servo loop can be unstable in regard to motor current
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Transverse Cavities are now a well-established
longitudinal diagnostic

ﬂ’rf E EN Temporal resolution

v, B.(s,) improves with higher RF frequency
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Transverse Cavities are now a well-established
longitudinal diagnostic

beam screen

ﬂ’rf E EN Temporal resolution
v, B.(s,) improves with higher RF frequency
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Transverse Cavities are now a well-established
longitudinal diagnostic

RF

ﬂ’rf E EN Temporal resolution
v, B.(s,) improves with higher RF frequency
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Transverse Cavities are now a well-established
longitudinal diagnostic

RF
‘streak’ $
i
_____ W“—_“““ L.

single-shot, absolute bunch
length measurement

ﬂ’rf E EN Temporal resolution
v, B.(s,) improves with higher RF frequency
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Transverse Cavities are now a well-established
longitudinal diagnostic

RF
‘streak’/'t‘
_____ v__________ L.

single-shot, absolute bunch
length measurement

o o ﬂ,,f £ EN Temporal resolution
t,R improves with higher RF fr n
VO IBx(SO) proves ghe equency
X-band TCAV: (before SLED) HXR: (14GeV) SXR: (4.3GeV)
Frequency 11.424 GHz Calib.factor ~40’ Calib. factor ~120,
Maximum kick 45 MV@35MW Oy R~ 4fs Ot R™ 1fs;
1 A’
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XTCAYV downstream of Undulator reveals complex
FEL Dynamics .

Horizontal Dipole/
>
N ff/energy

‘streak’
FEL Undulator /
\\<.\I i time
s Sl
RF Deflector

v" High resolution, ~ few fs;

v’ Single shot;

v Noninvasive to operation;

v Both e-beam and x-ray profiles.

v’ Applicable to all FEL wavelengths;
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A Most Versatile Diagnostic!

 The XTCAYV system is

a diagnostic tool

at a $$$$$ price

* Not in everyone's budget, but pays for itself in the long run

« Uses every aspect of accelerator control systems
— LLRF, timing, imaging, MPS....

« Downstream of the undulator it is the only single-shot
diagnostic that can reconstruct the x-ray photon beam
temporal profile

» And allow a number of exotic pump-probe set ups for usegs=,




Measurements with foil-scan at LCLS
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There are many new challenges
with ultrafast attosecond bunches! .

Thank You!

And please consider joining us to meet these new
and exciting challenges in

Electronics, controls, software and engineering ...
https://careers.slac.stanford.edu/

W ICALEPCS20I7

Barcelona - Spain, October 8-13

“ Palau de Congressos de Catalunya
' www.icalepcs2017.org





<<
  /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


