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Data Acquisition Software
Pipeline for the Commissioning
of the LoKI Small Angle
Neutron Scattering Instrument
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ESS, European
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Where is ESS?
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Neutron Source Facility in Lund, Sweden

*The facility is being built by 13 member
countries and partners

*Once in operation, it will contribute to
research in

life sciences "’Jmagnetism &
& superconductivity
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9@050& condensed matter )engineering & geo-sciences
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The construction project
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Different instruments for different science

ESS Lead Partners for instrument construction

: G
X

o 133|688

7~ MIRACLES [@
A) JOLICH i - JUAGIC RSB
FosscHun oszenTRUM B 2 . Ly T-REX O JUL|CH

;;;;;;; (GSZENTRUM

clear Physics

Helmholtz-Zentrum .
eesthacht =+ W\ 1" Institute
erial- und Kistenforschun

 “HEIMDAI

FORSCHUNGSZENTRUM

ESS In-Kind Pa
sample environment, da
systems etc.

strument Layout (December 2016)

=



2

Data Acquisition
at ESS




Data Acquisition Pipeline @

instruments detectors readout master  event formation kafka nexus writer  storage

inst1 det1
— [t e | — — — §g —
instN detM




Data Acquisition Pipeline @

readout master

header readouts
Forwards tlmlng Slg nals to ° ! Padzding Verzion RingID | FENID Length
0x00 0
detector hardware — e —
E 's' 's' | subType
. . Length 0Q D TimeSrc
Communicates with EPICS I0OCs | Time LO
Pulse time HI
Pulse time LO oM TUBE DataSeqNo
1
Creates UDP packets for event Prev. Pulse time HI Ampl A Ampl B
fo rm at|o n Prev. Pulse time LO
Ampl C Ampl D
Sequence Number P P




Data Acquisition Pipeline

Linux server C++ application
running as a constant service

Processes detector readout
data into distinct events,

For 2D and 3D detectors,
clusters and matches
readouts in different planes

event formation

(ess))
&

Field Name Type Description
Soilice i | SN Field identifying producer,
- commonly detector name
fiiERsagE id albng Consecutive numbers, used
= to check order of messages
pulse_time ulong Nanoseconds since Unix
- epoch of given pulse time
time_of_flight | uint Nanosecoyds since pulse
for given event
defecior T uint Pixel ID, identifying where

neutron was detected



Data Acquisition Pipeline @

kafka

3t

Broker for event messages,
allows for multiple services down the chain to use event information




Data Acquisition Pipeline

Name
v 60376-2022-03-04_0405.nxs
v & entry
« end_time
~s experiment_description
~s experiment_identifier
v s instrument
v & larmor_detector
~s depends_on
~ detector_number
v w0 larmor_detector_events
cue_index
cue_timestamp_zero
event_id
event_index
event_time_offset
event_time_zero
pixel_shape
m cylinders
W vertices
v & transformations
A trans1
~ x_pixel_offset
~ y_pixel_offset
~ z_pixel_offset

22222
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Description

@ ["My exp...
@ "2032-0...
W ['thisisa..

@ ['p12347]

@ [Yentryfi..

@ 1D data

0
0
1D data
) 1D data
) 1D data
@ 1D data

©
©
©

@ [012])
@ 2D data

© [4.4821)
) 1D data
@ 1D data
) 1D data

nexus writer

Writes NeXus files

Type

Nty Neutron experiment data format

string

string

string
NXinstrument
NXdetector
string

int32
NXevent_data
uint32

uint64

uint32

uint32

uint32

uint64
NXcylindrical_geometry
int32

float32
NXxtransformations
float32
float32
float32
float32



Detector Readout Electronics @

_____
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Readout Backend

bank0
bank0
bank1
bank2
bank3
bank4
bank5
bank6
bank7
bank8




Detector Readout Electronics

RO R11

Readout Backend
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Fthernet transmission @

[1] 1 2 3 byte/address

Padding | Version 0- 1
Cookie - Ty:e/ 2- 5
RES 's' iSk SubType
Length ‘ 0QID | TimeSrc 6- 9
Pulse time HI 10 - # eth ip Udp eth
Pulse time LO 14 - #4
Prev. Pulse time HI 18 - ##
Prev. Pulse time LO 22 - ## 14 20 1 - 8972 4
Sequence Number 26 - ##
Ring ID ‘ FEN ID ‘ Length
Time HI
Time LO
ataseqNo data data
i il common header data SS data |- data
AmplA Ampl B hdr hdr
Ampl C AmplD
s il s * 100Gbit/s Ethernet
TimeH * Jumbo frames (8972 bytes user data)
Time LO ° U D P/I P
T T « 1.38 M packets/s
Ampl A Ampl B 8
* ~ 5.13x108 readouts/s
Ampl C AmplD
Ring ID ‘ FEN ID Length
Time HI 1




FFU Configuration

JSON based configuration files

“LokiCalibration" : {
"ntubes" : 8,
“nstraws" : 7,

"Detector": "LoKI" “resolution" : 5
: ’

StrawResolution" : 512, .01},

: - : ; .01},
"PanelConfig" : [ : [2 . - . .01},

{ "Bank" : "Vertical" : false, "TubesZ" "TubesN" : "StrawOffset" : : 0.0, 0.0, 0. .01},
"Bank" "Vertical" : false, "Tubesz" "TubesN" : "StrawOffset" : : . . . .01},
"Bank" "Vertical" : false, "Tubesz" "TubesN" : "StrawOffset" : : - - - .01},
"Bank" "Vertical™ : true, "Tubesz" "TubesN" : "StrawOffset" : : - o 5 .01},
"Bank" "Vertical" : false, "Tubesz" "TubesN" : "StrawOffset" : B . . . .01},
"Bank" "Vertical™ : true, "Tubesz" "TubesN" : "StrawOffset" : : 0. . . .01},
"Bank" "Vertical" : false, "Tubesz" "TubesN" : "StrawOffset" : : . . .0, 0.0]},
""Bank" "Vertical" : true, "Tubesz" "TubesN" : "StrawOffset" : : . . .0, 0.0},
"Bank" "Vertical" : false, "Tubesz" "TubesN" : "StrawOffset" : : - . -0, 0.01},

"Bank" "Vertical™ : true, "Tubesz" "TubesN" : "StrawOffset" : : : . == 8.011,
: . .0, 0.0]},

4, -0.0134901, -3.49317e-05, 1.69815e¢-07]},
.114629, -3.79167e-05, 1.86055e-07]},
.223065,9.49951e-05, 1.30951e-08]},
.236256, -8.05768e-06, 1.64068e-07]},

E N N N N N N NS

0O ~NOUAWNROS

{
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{
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{




FFU Status Monitoring - Grafana

Receive Stats ESS Readout Header Stats Readout Data Stats

Geometry Stats

s == clamp H

== tof neg

Disk Usage Output rates Idle/Uptime

64 Mil

== uptime




EFU Status Monitoring @

29/08/2022 10:56:40

Kafka Brokers

ho1-rin19 [N Uncommissioned
not-rin21 [ [/ NoNW connectivity
not-2n21 [ Il  Service not running
not-2n23 [ I Service running - data
not2n2s I  service running - no data

Other Services

carbon
grafana
AKHQ

graylog

started 12/08/2022 10:46:47
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LoKI test at ISIS
in March 2022
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LoKI data pipeline

j:;m = live commisioning

— .:’3 il *  visualisation
readout event formation Kafka b:é .I
L

ra al il
% = t

E . . % / isualisation
[N - B9 scivr
I oftline analysis
NeXus




L oK| event formation @

e
Length ‘ 0QID | TimeSrc 6- 9 . . .
» Identify Bank and Section from Ring and FEN
Prev. Pulse time HI 18 - ## I D
i * |dentify Tube from Tube ID

e * |dentify straw and position along straw from

Time HI

amplitude values
oM TUBE DataSeqNo
Ampl A AmplE Ring ID FEN ID Length
Ampl C Ampl D
Ring ID ‘ FEN ID Length Time HI St B + D
Time HI raW ==
Time L( A B C D
meto Time LO tE+ L+
oM TUBE DataSeqNo
:::: :::: oM TUBE DataSeqNo A+ B

RingID | FENID Length 1 — N __
‘ Time HI Ampl A Ampl B POS A +B + C +D (2 1)

Time LO

Ampl C Ampl D

oM
1

TUBE DataSeqNo

Ampl A Ampl B

Ampl C Ampl D




LoKI| Detector test at Larmor
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#* Applications  Places  LOKI

B Wedo7:18¢ % @) O

LOKI TOF

LOKI TOF - o
1 LOKI - full instrument - o x
Desc.: TOF Evts/s: 1558 Accept/s: 1558 Discard/s: 0 Auto scale: on !
esc.: pixels Evts/s: ccept/s: iscard/s: radient: spectrum
2500 Jesc.: pixels Evts/s: 1559 Accept/s: 1559 Discard/s: O  Gradient: sp
T r
or 368
1500
i 1000
5 ]
§ 500
TOF (us)
Clear Log/lin Auto scale Quit 200
LOKI - o x
Desc.: Monitor TOF Channel 0 Evts/s: 5536 Accept/s: 5490 Discard/s: 45 Auto scale: on &
50000 T T T T T
£ 20000
5 30000
3 20000
10000 3 400
[ ~ o S = o o
g g g g S g
8 8 8 3 3 5
3 3 3 8 8 @
TOF (us) 1
Clear Log/lin | | Auto scale Quit
600 -
LOKI
Desc.: Monitor TOF Channel 1 Evts/s: 5536 Accept/s: 45 Discard/s: 5490 Auto scale: on
250 T T T T T
£ 200
g 180
S s : i ‘
) S 2 5 B | sor
8 8 8 S 3
S S S S S
TOF (us) |
Log/lin Auto scale Quit
=
Clear Log/lin Grad. Inv. Quit

LOKI - full instrument =

26



Straw Calibration
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L oKl Detector test at AMOR

Data visualisation and analysis in scipp
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Data Acquisition Software
Pipeline for the Commissioning
of the LoKI Small Angle
Neutron Scattering Instrument

EEEEEEEEEEEEEEEEEEEEEE




<<
  /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


