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FRIB Layout

¥ * Linear accelerator

& “ , « 200 MeV/u for uranium
a‘&-ﬂ » Radio frequency quadrupole

» 324 SC cavities in 46 cryomodules

e e * Fragmentation target
*i | W TR * Fragment separator

= Fast beamlines

I
|
B » 6 MeV/u Re-accelerator
o T = Status: in operation
'8 ! Production Target System * Ar, Kr, Xe accelerated to 212 MeV/u
: ‘; ! = The third user experiment is being
|
| CO - prepared
| | L ]
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I, BDS Linac Segment 3 Folding Segment 2 1
| g, e e I
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Staged Beam Commissioning

Area with beam Beam energy Main goals
spemes MeV/u

Front End Ar, Kr July 2017 FE and civil
integration
2 First three Ar, Kr 2.2 May 2018 Cryogenic
cryomodules integration, SRF
3 LS1, FS1 Ar, Kr, Xe 20.0 February 104 SRF cavities
2019 and stripper
4 FS1, LS2 Ar, Kr, Xe 204 (Ar) March 2K cryogenics,
180 (Kr, Xe) 2020 Linac KPP
5 FS2,LS3 Ar, Kr, Xe 212 April 2021 Linac validation
6 Target Hall Kr Rare isotopes Dec.2021 Project KPP
Focal plane of the Ar 210 January  Project completion,
Advanced Rare 2022 readiness for user
Isotope Separator operation
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FRIB Linac Beam Commissioning Stages

= Two ECR ion sources: RT and
SC _
« RT- 200 kW of light ions on target |
« SC — up to 400 kW of U

» Extract and accelerate all ion
charge states

. ) Front End
LEBT: transport 2q to RFQ 500 KeV/u
= CW RFQ 1/2>q/A>1/7
» Beam studies were reported in
PRAB in 2019

,,,,,
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Radio Frequency Quadrupole

* Unique parameters:
- CW
* Maximum voltage is 112 kV
* Variable R, and voltage
* q/A=1/7

= Conditioned at the design voltage

* Tested with uranium beam

Frequency(MHz) 1805
Injection/Output energy (keV/u) 12/500
Beam current (typical, pA) 450

1.

Beam emittance (full, norm, Trum) 1.0

Long. Emittance (99.9%, keV/u-ns) 1.5
Transmission efficiency (typical, %) 80

Design charge-to-mass ratio 1/7-1/3
Accelerating voltage ramp (U, kV) 60— 112
Surface electric field (Kilpatrick) 1.634 (CST)
Quality factor 16500
Operational RF power (kW, O-U) 15-100

Length (m) 5.0

FRIBE .

Facility for Rare Isotope Beams
L5, Department of Ensray Cffice of cignce
Michigan Stabe Urivorsity

Z (cm)
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Beam Bunch 6D Vector Matching to SC linac

= A significant beam centroid (6D vector) deviation from previously saved
setting has been observed in the MEBT after a cold start of ECR ion source
» A few mm position and a few degrees of phase deviations in MEBT BPMs

* The python3-based script was developed to fit BPM readings to the previous
operation

= Four correctors in LEBT are automatically tuned by Nelder-Mead minimization

algorithm o
= BPM positions and phase are 85 o FEEA
tuned within +/-1 mm and +/-1 8% 1
degree .
« About 20 minutes to tune c 2,
. =S g
= Studies are underway to replace &g E?°
the Nelder-Mead with ML-based = 2
algorithm o 5
« Bayesian optimization using %?’ ;
experimental data %E 0

* Neural Network based optimization 5 5
# of steps
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Superconducting RF

» Challenge: mass-production of 324 SC resonators and 46 cryomodules

with required accelerating gradients and specified limit of the heat load
* This task was successfully accomplished

= FRIB cavity specifications are modest: Eppa = 30 MV/m, Bppak= 60 mT
* All cavities exceeded the specifications
» About 10% higher accelerating gradients are available from the majority of

Q
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SRF Cryomodules

Example of cryomodules’ cold mass  Gryomodules include

B=0.53 SC magnet assembly
of solenoid and dipole
coils

All 46 cryomdules installed in the tunnel and
are belng used for beam acceleratlon

o ByE
u‘ e N
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Auto-Start of Resonators

= High accelerator availability through automation
 Auto-start reduces turn on effort and human error
 Fast recovery reduces downtime for systems with long start-up time
= Auto-start works for all types of cavities
* 40 sec to start to full power for a SC cavity
* Turning on 324 cavities in FRIB takes Example of HWR Auto-Start
less than 30 minutes
* Main constrain is a heat removal time by

command  in35seconds

Bias turned on

eeeeeeeeeeeeeeeeee

cryogenics e

Start-up Fast

<30s <30s _ &
MEBT RT 2.phase ~3min <20s i
MGB RT 5-phase ~10min <20s
RFQ RT water ~45min  ampl 3s
phase 30s
QWR SC 2-phase  <60s N/A i

HWR Pneum. <60s N/A

Cavity low threshold set to 1 MV/m
] Cavity low threshold set to 0 MV/m
-'-I' f ;s:zﬂ;usgsl‘x T ‘ZZZIEUU‘ T IZZEIEUS‘ T ‘222'61U' n ‘ZZZIEIS‘ n ‘ZZZIEEU‘ n ‘222'625' T ‘ZZZIESU‘ T ‘222535‘ ' ‘222‘560‘
Facility for Rare Isotope Beams
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Liquid Lithium Charge Stripper Tested with
Ar, Xe and U beams

= Tested with 17 and 20 MeV/u Ar, Xe and U beams

» Tested with 10 puA pulsed argon beam
» Average beam power was limited by 500 W beam dump

= The film thickness
* 1 mg/cm? for Xe and Ar beams
* 1.4 mg/cm?for U

o

E f 1.5 10 05

-
Lq. Li thickness [mg/cm2]

¥

Li film thickness

» Operated 24/7 for U4$el' experiment Charge distribution -
 Primary beam was 48Ca
10 4 49+
/ RoEE " Nozzle' | _ n E——
Deflector (' Deflector fes 0.8-
50.6-
"g ]
- 0.4
N f\k Jf
0.0

ra . S 110 120 130 140 150 160
Miehicn Stota Univoreity. o o Sones Dipole magnet current (A)




gy |
Fraction of 34+
624]0.64 066

Rotating Carbon Foil up to 10 kW Beam on

Target

= Use rotatable carbon stripper for simplicity of

operation during the first year

« 100 mm diameter foil, rotating and up-down motion
= Tested with 440 W 8Kr beam on the stripper

* Foil thinning is observed

« Lifetime is sufficient for a single experiment

= Routinely used to run user experiment with 82Se

2

5
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91 e
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o
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87 s
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34+ current increase 1%

e
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36Ar, 36Kr and 12°Xe Accelerated above 200
MeV/u

= Three-charge-state 124#Xe49*°0+.51* and two-charge state 8°Kr33+34* were
also accelerated and delivered to the beam dump with 100%

transmission
Phasing of SC cavities Transmission of 36Ar, beam current in pA

Beam energy vs time Stripper ~ Charge Selector

250

—— LS2:CC01-LS2:CCO07
g —— LS2:CC07-LS2:CD12 ii79)
2 200 1 — FS2:CG01-LS3:CD06
= .
8 150 - £
g
E % 745J
- 219 | 2
& 100 o - 218 £
] - 217 | ¢
5 - 216 g

- 215 | 2
% 50 o - 214
v I T T 213
@ / 97 98 9.9
O I I I I
0 2 4 6 8 10

Accumulated tuning time (hours) -~ 0
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Factor of 2.5 Increase of Beam Intensity with
Three Charge States Acceleration of Xe

= Simultaneous acceleration of 3 charge states of %°Xe

* Transmission is 100%
« Stripping efficiency into 50+ = 30.5%

« Stripping efficiency into 49+,50+, 51+=76.5%

» Multi-charge beam phase space was
recombined after the dispersive
magnetic system

40

,é\ o 129Xe%9* (measured) 129Xe"! + (measured)
= E —— 129Xe49+ (simulated) 129% @51+ (simulated)
~—
% 2
Q ©
=
T@ 5 O ] o U e e P e T e ]
= Qo
g
£ § -0
é O

G

5 L

—4(0 T T T T T T T T

I
230 240 250 260 270 280 290 300 31
Distance along the FRIB linac (m)

FRIBE .

Facility for Rare Isotope Beams
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Beam current (1A)
w

Beam current along the linac

- 129X627+
5 Il Al charge states
129Xe50+

- 129Xe49+,50+,51 +

123 4 6 7

I ' I 4 I ' I N I ' 1

100 150 200 250 300 350 400 450
Distance along the linac (m)
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Development of HLAs to Save/Restore Both
Machine and Beam Status
» Updated the Settings Manager (Management application of device

settings) to save diagnostics (BPMs, BCMs and BLMs
» Reference values of automated tuning for the operation with the restored

device setting

* New window is developed to check saved BPM signals

Sartings Manager: Mansge Physics Configurations of Accelerator System
File Tools iew Holp

-] (7] L] ® B

Lowd Lattics Add Devicas Take Snaps te Physics Fields Enginesring Fields  Profsrences £xit

Capturs Mach

3 = Working Dirsctory. files/sharsdla

eitings_managerfsm. db

NOTAG (513} | Z1062(17)| AR (1)||ARIS(12] ARROS (3} ARRO7 (5]| DIAGIZI FRIB(}||FSIA (I FSIA-PHASE() FSEER) GEMERATEDIZ) | L=8T (2}

LEGT_FS16(2) | LEBT_FS2(2) |LEBT_MEST (31 | LINAC 1) || LSL phasina (86} || L52 shasing (i3} | Ls3-phazina(2) | PACI) | TO_BDSIS) VD3 |omyis) | aateen 161

Al Total 737

o

A |umn He O B

BPM readings along the linac

Mic
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Model-Based Beam Central
Trajectory Correction

* There are 144 BPMs in the FRIB linac to measure beam positions
* Renewal frequency is 5 Hz
* High Level Application is based on ORM (Orbit Response Matrix)
* Response matrix is model-based; can be also based on measurements
* The procedure is applied to ~20 BPM/correctors section by section. Each
section tuning time is a couple of minutes
* [n combination with model-based phase setting reduces machine
tunlng/settlng time to 3-4 hours

E

£ . Beam position vs distance
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3D Computer Model Setting is Applied for
Entire Linac
= 210 MeV/u 3%Ar tune for the commissioning of Fragment Separator

* Measured beam parameters are consistent with the simulations

200

[MeV/u]
=
S

~ ©
2
I
7

——  yrms —— phirms

I~

=

[mm], [deg @ 80.5 MHz]

a1 T O L 111111 1 A RS AR TR B B
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Instant Setting of RF Phases/Amplitudes for
Linac Segments

» Static phase shifts in RF transmission/amplifier lines and BPMs’ cables were
calibrated by the beam of known velocity

Beam
] ] =
Cavity # i Cavity # i+1

rrrrr phase ®; ‘E‘ riven phase Qivq BPM Beam phase
— i LLRF > @ LI LLRF > @ bogrd
EES20, / N

A(p~ (delays in cables, boards, amplifiers,...) A, A(PBPM
RF clock ' "

= Model Cavity field: E; = K;Eqcos2nft + Ap; + ¢;)

dt_ 1 0, Z(i—l)e<Z<Zi0 'l=0+N

= qE,(2) K:E;(z)cos(wt + Ap; + @;), Zio <z <7z
EZ(Z) =

dz v,

e FEICIlIty’ for Rare Isotope Beams
LS, Departrme 0 E v Cffice of Scisnce
Michigan
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Screenshot of Instant Phase Setting (IPS)
Application

* The phasing of the cavity is based on calibration data and accelerator
model, LS1-104 cavities, LS2 — 168, LS3 - 52

Envelope
1 —
Particle images-on phase space>
» -~ Beam bunch signal in BPMs -
E 07IIII\IIIIIIIII\.HHII\I-H\IIIILIIII\ \IIII-I\I'IIIII\IIIIIHIII \IIIrIIIIII'II.III-II\-\fIIIIII'I “ln 1.
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Lattice: L51_CB.ltc

Velacity profile: 20211029 LS1_CB_1607+_44pEMeVu.vpr
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Covity Field Synch. phase Driven phase  Beam energy
(MV/morky)  (deg) (deg) [MeV/u)

LS1_CBO1:RFC_D1229 41 -22.0 -118.87 2.0214
LS1_CBOT:RFC_D1241 26 -13.0 79.76 23555
LS1_CBO1:RFC_D1245 2.6 -13.0 -159.52 2.6085
LS1_CBOT:RFC_D1249 4.06 -120 -175.91 3.2388
LS1_CBO1:RFC_D1261 1.96 -20.0 -75.11 3.4898
LS1_CBOT:RFC_D1265 1.96 -20.0 97.35 3.7483
LS1_CBO1:RFC_D1269 1.96 -20.0 -15.96 3.9988
LS1_CBO1:RFC_D1281 2.8 -22.0 -09.12 43573
LS1_CBOZRFC_D1293 5.6 -25.0 -144.98 5.061
LS1_CB02:RFC_D1305 5.04 -18.0 -160.52 3714
LS1_CBOZRFC_D1309 5.04 -18.0 -51.85 6.3489
LS1_CBO2:RFC_D1313 5.04 -18.0 -100.94 69662
LS1_CBOZRFC_D1325 5.04 -18.0 73.68 7.5603
LS1_CBO2RFC_D1329 5.04 -18.0 -63.5 8.1469
LS1_CBOZRFC_D1333 504 -18.0 167.83 8.727
LS1_CBOZRFC_D1345 5.6 -30.0 176.91 93037
LS1_CB03:RFC_D1356 5.6 -30.0 121.0 9.8634
LS1_CBO3:RFC_D1368 5.6 -15.0 -120.67 10.4827
LS1_CB03:RFC_D1372 5.6 -15.0 3447 11.0564
LS1_CBO3:RFC_D1376 5.6 -15.0 50.48 11.6414
g BO2:RFC_D! 5.6 -15.0 40.0 122214
avity phases, .
S1_CB03:RFC_D1396 5.6 -15.0 3513 13.3498
b@am e n rg?y 1184 13.8395
LS1_CBO4:RFC_D1420 6.1 -10.0 -9.11 144416
LS1_CBO4:RFC_D1432 6.1 -10.0 2118 15.0339
LS1_CBO4:RFC_D1436 6.1 -10.0 98.6 15.6199
LS1_CBO4:RFC_D1440 6.1 -10.0 75.09 16.2077
LS1_CBO4RFC_D1452 6.1 -10.0 -57.09 16.7824
LS1_CBO4:RFC_D1456 6.1 -10.0 -44.79 17334
LS1_CBO4RFC_D1460 6.1 -70 3.8 17.897

~

Controls

Ton:

o [z
A 18

Initial phase (deg):  [0.0

Tnitial energy (V/u): | 1568000.0

Phase model & Simulate beam
Model type:
Realistic v

Humber of partices:

% 3]
Field: [1.000 H
Phase: [o.00 1]

[ Automatic plot update

Tniss alpha: [o.27s |

Tniss beta (deg/%):  [8.8 |

Norm.emit. (keVfuns): 0,768 |

Phase-space plot #1at
151 WAO3:EPM_D1222 v
Phase-space plot #2at

FS1_CSS:BPM_D2313 v

Control
parameters,
Beam parameters

@ Copy to Clipboard

© Paste from Clipboard
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IPS Was Applied to Tune
around Cavity Failure

= Example: CB09 #8 cavity was tripped and hard to

restart

= Alternative cavity setting was developed by IPS
so that beam energy is recovered to 20.3 MeV/u

without the faulted cavity

« Set smaller synchronous phase angle in CB08

cavities

» Re-setting took 10 min but can be significantly
reduced in future, less than 1 min

» The energy difference is only 7 keV/u

Beam energies after LS1
Original setting

rgy: [20.300 eV g Source: _1Hz
Energy Uncenainty: p000%  Combined 10y ESL: 20.314 MeViu P
O : eviu
Estimation Plots
35
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EZ 7 f i fi
e f \ i
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Trajectory Correction
Extending to Tune the Entire Segment by One Knob

» Trajectory Correction application has been in use since 2019
 ORM method with measurement-based beam response
« LS1 CBO05 to 06 were tuned in about 30 minutes in September 2019
» Spent most of time to measure BPM response to upstream corrector change
* |mplemented model-
based trajectory
correction application in IR o |
2021 o N O O O U DO SRR SR M =
- Calculate response matrix -
by envelope code FLAME
- Applied to tune several e =S
cryomodules in a )
few minutes
* This application will be
upgraded to series of
tuning for the entire LS

by one knob
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Beam Status in the Linac for Operators

= After the completion of the reference tune, the operators can observe

beam status in the linac using the signals from 144 BPMs

3 BPM Overview - snapshot: [files/shared/phyapps-operations/data/bpm_overview/snapshots/20220426_48Ca10(20)/20220426_1142_48Cal0_173p2MeVu_9percent.bpm
File View Source Options Help
1 Open E saveas.. Average points:; 5~ Countdown timer: O Start

Tue Apr 26 12:22:58 2022
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One Kilowatt Primary Beams

= 1-kW #8Ca and 82Se were provided for user experiments in May-June

= No uncontrolled beam losses in the linac

Beam losses measured by Halo Monitor Rings,
Neutron Detectors and lonization Chambers
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One Kilowatt Beam on Target

* The primary beam is tuned on target with 0.3 mm rms radius

= There is 4-segment collimator upstream of the target

* The temperature sensors show the heating of the collimator due to beam
halo

82Se beam image on beryllium target

Temperature readings from each 1.0

collimator segment
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Summary

» Beam commissioning of the FRIB is complete
 The facility is in operation since April 2022

= Qur experience shows that the linac model (online and offline) predicts
the beam dynamics very well except for transverse beam steering due
to misalignments

= Automation of Linac is essential to increase beamtime for science
* Many HLAs have been developed for efficient beam tuning

* There is significant potential to improve the machine performance and
reduce setting for each experiment

* Machine Learning studies and application started in the Front End and will
be extended to downstream sections

* The first 2 User experiments were conducted in May-June 2022
* PAC1 approved 34 experiments

* The power ramp-up is being implemented in phases

F R I B FEICIlIty’ for Rare Isotope Beams
el el RS P.N. Ostroumov, HIAT'22, June 29, 2022, Slide 24



	FRIB Commissioning
	FRIB Layout
	Staged Beam Commissioning
	FRIB Linac Beam Commissioning Stages
	Radio Frequency Quadrupole
	Beam Bunch 6D Vector Matching to SC linac
	Superconducting RF
	SRF Cryomodules
	Auto-Start of Resonators 
	Liquid Lithium Charge Stripper Tested with Ar, Xe and U beams
	Rotating Carbon Foil up to 10 kW Beam on Target
	36Ar, 86Kr and 129Xe Accelerated above 200 MeV/u
	Factor of 2.5 Increase of Beam Intensity with Three Charge States Acceleration of Xe
	Development of HLAs to Save/Restore Both Machine and Beam Status
	Model-Based Beam Central �Trajectory Correction
	3D Computer Model Setting is Applied for Entire Linac
	Instant Setting of RF Phases/Amplitudes for Linac Segments
	Screenshot of Instant Phase Setting (IPS) Application 
	IPS Was Applied to Tune �around Cavity Failure
	Trajectory Correction�Extending to Tune the Entire Segment by One Knob
	Beam Status in the Linac for Operators 
	One Kilowatt Primary Beams 
	One Kilowatt Beam on Target 
	Summary


<<

  /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



