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Injector Cryomodule in compact-ERL at KEK
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Main components of Injector Cryomodule

Noich filter

| Loop-
== antenna type

1.3 GHz 2-cell Cawtv CW Input Couplers

11
10— . ;
£ #7 & #8 Couplers smeong . sonzott
. No 2 Cawty 5th VT (Type II m) =iy == = .
Qo B No.3 Cavity, 2nd VT (Type-Il) == 1 Poaw 7 5
4 No.4 Cavity, 4th VT (Type-l) 1sof- DAL [ 3 s -D-a“zf 7 H
3 &
4 No.5 Cavity, 2nd VT (Type-Il) 1 L = SI d k T
- Eof 2t Loodfnl L E, 5"‘{ ool fos Il 21, ide-jack Tuner
. ; £ o 10 & ) L 10t '*LLF
u\L,_ . f'“‘*n)ﬂf““ﬁ J*\Lm.s ' B ﬁ
0:A500:00 00 00:00 :00: W "00:00 4 00:00 Wo 12:00:00 0:13:00:00 0:14:00:00 0:15:00:00 0:1) 20000 0:7: n:g;i ‘ ‘
Time [ho R Time [hour] oars
ey [—emmra]| _ [—rr o] — Vo] _
109- 20 Day 3 g e S
F b DS BHz i 2Hz | AHz |5 P& H
[ o 10 50 200 13, cw 40 kw 3
_ (k] (uF] ms = CRT =
| AL R 3 I it
L 10t € o -"_r_] 10
L lmvhu"!(-!fwﬁ e 10
sl . . . . . . . . . . ;
10 o TR i S S T T T
0 1 0 20 30 40 50 ng[h w] Time [hour]

Eacc [MV/m]

Eacc > 20 MV/m in 3 Cavities CW 40 kW (short pulse, 200 kW)

Eiji Kako (KEK, Japan) ERL2019 at HZB, Sept. 19, 2019




Assembly of cERL Injector Cryomodule
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cERL injector cryomodule
completed and installed
in June 2012.
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Injector-Linac section of compact-ERL

Compact ERL

Prototype for 3-GeV class ERL light source

or high-current CW linac
20MeV

Beam operation at 5 MeV
in CERL Injector-Linac section
was started in April 2013.

Recirculation
(return) loop

: Injector linac [HE
Photocathode ™ jiilEg / ‘
DC gun | 3MeV

Injector Cryomodule

Cryogenic power : 90 W at 2K
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Summary of design values and obtained results
| imjectorCryomodule | Design | Resut *

Static heat load at 4.2 K 33W 36 W i
Static heat load at 2 K 11w 14 W E
) Due to heating-up of
Dynamic heat load at 2 K, (7 MV/m) <1.0W 85W .
HOM pick-up antenna
Q at 2 K, (7 MV/m) > 1.0x101° 1.8x10° e N
Operating total Vic 5 MV 5 MV | -
Conditioning RF power at RT --- CW 40 kW & . n;'m o
Operating RF power at 2 K --- CW 10 kW ;lﬁ ;' }.d | /;//;f
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History of cool-down cycles in injector cryomodule

year

202 | 2003 | 2014 | 2005 | 2006 | 2007 | 2018 | 2019

1st cool-down

2nd cool-down

3rd cool-down

4th cool-down

5th cool-down

6th cool-down

7th cool-down

8th cool-down

9th cool-down

10th cool-down

11th cool-down

12th cool-down

13th cool-down

14th cool-down

15th cool-down

9
B Low RF power tests of injector Cryomodule

1
Il High RF power tests of injector Cryomodule

4
[

Beam comissioning
5 ofinjector section atS MeV

11 High RF power tests of Main Linac Cryomodule
Beam comissioning of Main Linac section

Il Beam comissioningof Re-circularring
ﬁ Beam operationat 20 MeV, ~10pA
1- LCS experiments
5- Beam operationat 20 MeV, ~100pA
1- Beam operationat 20 MeV, ~1mA
Beam operationat 18 MeV, ~40pC (162.5¥MHz, 200ns/5Hz) 2-
Beam operationat 18 MeV, THz experiments i

6
Beam operationat 18 MeV, ~1mA H

3
Beam operationat 17.5MeV , beam tuning for 99Mo, Asphalt, IR-FEL. N

>

Beam operation at 19.5MeV , 99Mo production, beam tuning for IR-FRL
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He jacket temp [K]

He jacket temp [K]

History of cool-down cycles in injector cryomodule

Room Temperature
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Injector-Linac section of compact-ERL

Solenpld { Solenoid 2 Injector cavit oo
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Photocathode . . .
Clean side Location of three X-ray sensors lon pump Dirty side

Operation of Injector-Linac section at 5 MeV

(7 weeks)
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Change of x-ray radiation levels in three cavities

DC-Gun side
(clean environment)

Photo cathode of Gun
Faraday Cup
Gate Valve
Stopped at

LI

Acceleration of F.E. electrons
by Cavity-1

L}

Acceleration of F.E. electrons
by Cavity-2

L}

Main sources of field emission
locates in Cavity-3

(dirty environment)
Merger side
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Unexpected vacuum discharge phenomenon (1)

Solenojd 1 E‘oilenoid 2
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Screen menltor In front of Gun

ceramic

screen

Make shleld not to hit FE to faraday cup & ceramlic

x-ragv (center)

;\

T

Recirculated beam

Gradual increase of

x-ray radiation level

Vacuum discharge caused by charging-up of Faraday-cup
due to field emitted electrons come from injector cavities.
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Unexpected vacuum discharge phenomenon (2)

Solenoid 1  Solenoid 2
-400kV \L \L F.E. electrons
? I I__g__l_?[\_f\_f\f\_f\f\_
20 Secondary electrons T
/[ T Injector cavities

Recirculated beam

Buncher cqvity Quadrupole magnets Merger

Anode
Photocathode X T2Y (upper) X-ray (lower)

Ella  20- Eacc & Xray

ot 1 Eacc

o] W Cavity-1at 7 MV/m

1E5 '_'57 I
%IE(% én_%_—u_‘_;f;:\ J’ \ I l 17

o X-ray lower

| uppEr |

s eaavaon W porote wiq won Wl

T T T T T T T T T T T T T T \
2017-03-14 0800 1000 1100 1200 13:00 1400 151 1600 17:00 1800 18:00 2000 2100 22:00 2300 2017-03-15
08:00:00 00:0000

2017, March 14

Time
|—C-W1 Pt —CAV2 Pt —CAV3 Pt ”—UPPER ——CENTER —DO ll

Field emitted electrons from Cavity-1 hit the photocathode. Then, secondary electrons
extracted by applied DC voltage of 400 kV, and furtherly accelerated by injector cavity.
Finally, high energy electrons collided with a screen monitor and radiate x-rays.
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High RF power pulsed conditioning

0.5 msecx 10 Hz\‘ )

_ No.1 Cavity No.2 Cavity No.3 Cavity | |
L | Pt |

1.2 x 10° 5.3 x 10° 5.4 x 10° 2 /\

0.5 msec __ PN
. o) PAS—— : ‘ R
Required RF power 12 kW 27 kW 27 kW 0.5% < >
at 15 MV/m Pt | r--S-G--—-
Required RF power 21 kW 47 kW 47 kW l 5 msec x 10 Hz
at 20 MV/m B 7
Duty: i
/ Pl
(o) f foood i
CW 25 kW Kly.  CW 300 kW Klystron 5% ] |
BISENy 18474 16.6 MV/m l : i
e Eacc 15 MV/m 12 M\I/m —— — 5 msec ;
1E10 Cperm— E + 5 !
- " r CW T o Wi
E,: ] Cavity -2 : i
fn g 0.5ms, 10Hz > { 5ms, 10Hz > { CW > 0.5 msec
S 18w QL ! Arc ¥ other : :
160 —2nﬂx_ray ‘ J Pin
e 1 W TR RIan |
1E-3 a4 o § i i ==l f = = o jl QuenCh
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Quench detection : Q-interlock < 0.8 x QL(normaI)
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Quench events during high RF power pulsed conditioning

el ERiAD
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#3 Cavity (2017 March 8)
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Performance recovery by pulsed RF conditioning (2017’)

100 - 100 -
o | Cavity -1, CW o Cavity -2, CW
3 Vc= 5MV Vc= 5MV
z ) ] Ve= 3MV | +— xray up(B) E . Ve=3MV ! 4+— xray up(B)
A 3 | I - ter(B - 3 l T4/
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> o1 ) : : » 4 down(B) 7 01 : ‘:/ n 4 down(B)
> 3 | :/ —o—xray up(A) x i FI" o --=o-- xray up(A)
0.01 = : ! f & center(A) 0.01 - : ::" !J ’,'_F --=-- center(A)
E I .’HI a er E I I‘. J‘ I lll‘r
: . down(A) | {{f L i after down(a)
0.001 T T T (I LI i 0.001 T T T AW
o 1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 7 8 8
Eacc [MV/m] Eacc [MV/m] (March, 2017)
100 ; IVc= 5MV 3 Cavities CW operation
_ ) e . \We= 5MV
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] ¥
A
£ Ve=3Mv /0 +— xray up(8) 10
1 3 1
né E | : —8&— center(B) z ) —o— Upper(tefore)
|
- | I 4 down(B) eE —8— Center{before)
$ 0.1 E " 1 E —#&— Down(before)
£ ] . [ <-- yray up(A) £ o1 i Upper{dod]
0.01 - : L: -=-- center(A) = £ = Center(after)
|;. r’” dOWn{ A] D0 = <+ = Down(after)
0001 + Ak -
0,001
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Eacc [Mv/m] Total Accelerating Voltage [MV]

Heat load at 2 K was dramatically reduced at 5 MV.
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Performance recovery by pulsed RF conditioning (2019’)

Initial measurement (2019, June 03)

100 100 - 100 ,
#1 cavity 2019/6/3 ] #2cavity ] #3cavity
CW operation 1 CW operation 1 CW operation
10 - 10 ¢ 10 4
z Before 7_ MV/m z Before 7. lem g Before 7. MV/m
.i 1 1 - i 1, —— 1, —o—xray up{B)
E - E - E ] / —=—celer(B)
» £ r. » o » £
01 e 0. —i 01 1 /% —A— down(B)
0.01 . 7 T T T T T {r F ] 0.1 . T T T T T T [’—I 0.01 . T T T T T T T ]
0 4 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Eace Pt [MV/m] Eacc Pt [MV/m] Eacc Pt [MV/m]

Pulsed RF conditioning has been routinely carried out
After pulsed conditioning (2019, June 05)  before beam operation after every cool-down cycles.

1m 100 100 -

#1 cavity 2019/6/5 1 #2cavity 1 #3cavity
CW operation 1 CW operation 1 CW operation
0 After 7 Aft 07 Aft
z 7.MV/m g i o 7. MV/m g & 7. MV/m
'i 1y o E i1 - E 1. —e—xray up(a)
E ] - E ] - ¥ E —5— center(a)
r > -
0.1 - 04 —i— 0.4 - A —a— down{A)
o ; % ;/
0.01 ———— — 0.01 — Ao R ¢ f .
o} 1 2 3 4 3 -] 7 8 9 0 1 2 23 n 5 € 7 e 9 0 1 2 3 a 5 6 7 8 9
Eace Pt (MV/m] Eacc Pt [MV/m] Eacc Pt [MV/m]
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Performance recovery by pulsed RF conditioning (2019’)

100

— i enyieny 0% duty 1: CW(b) ; before conditioning
£ 10 ]
Lé : % dUt_!_mup(B, 2: 0.5% duty ; pulsed conditioning
1
— ] wffl up({1%4)
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w01 E C a) xray up{A)
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S 7 4 6 8 1012 18 16 18
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= 104 —_—
< ] c' 10
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OUTLINE

Introduction of cERL Injector Cryomodule
Long Term Operational Experience
Degradation of Cavity Performance

Performance Recovery by Pulsed Processing

A A

Future Prospect and Summary
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Future Prospect

Cavity O (stable, < 7 MV/m) Toward higher operational Eacc > 14 MV/m
Field emission (x-ray) X > A R&D for clean assembly techniques and
(pulsed conditioning) cure method for performance recovery
Tuner O (stable)
Input coupler O (stable, < 10 kW) Higher power test of >80 kW at test-stand
HOM coupler O (stable)
HOM RF connector X RF feedthroughs with efficient cooling
Static heat load A Improvement for lower heat load
Dynamic heat load A Improvement for lower heat load
Q,,om» HOM power A Observation at higher current >10 mA

Beam operation

[ Y E
: °
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SUMMARY

® After completion of the cERL injector cryomodule in 2012, 15
thermal cycles (300K-4.2K/2K-300K) have been performed for 7
years without any severe troubles.

® Observation of x-ray radiation levels around the injector
cryomodule showed gradual increases during long term beam
operation. The cavity performances were seriously degraded due
to heavy field emission during beam operation at 5 MeV in 2015.

® The degraded cavity performances were successfully recovered by
high power pulsed RF conditioning with duty cycles of 0.5% and 5%
in 2016-2017.

® Almost no trip during the present beam operation has been
observed, and very stable beam operation has been continued in
2018-20109.

s .:E,“ ‘E‘ﬂu’uﬁﬁﬁq}bERLi”

2019




10N.

Thank you for your attent





<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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.)
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [540.000 720.000]
>> setpagedevice


