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Eu-XFEL: General Layout

Denis Kostin, May 20t, 2019
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First lasing SASE1
Eu-XFEL: Timeline @9A

&

May 2-3, 2017

S April 27, 2017

i =-_4x8 4x8
... A24 A25

Feb 2, 2017: 600 MeV
Feb 22, 2017: 2.5 GeV

.....
8 | Sty
Gun ¥ A1 AH1 LH

Feb 25, 2017: 2.5 GeV
April 8, 2017: 12 GeV
Oct 23, 2017: 14.9 GeV

Jan 15, 2017: 130 MeV
Jan 19, 2017: 600 MeV
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First lasing SASE1
Eu-XFEL: Timeline @9A

&

May 2-3, 2017

April 27, 2017

Feb 2, 2017: 600 MeV ———
Feb 22, 2017: 2.5 GeV GIESL SRinde ASED

@ 1.3 nm
Feb 25, 2017: 2.5 GeV

Jan 15, 2017: 130 MeV gp:i'zg’ 22%11771_ 1131 (932/ v
Jan 19, 2017: 600 MeV = - 14.9 Ge
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February 8, 2018




SRF Operation at XFEL: Lessons Learned After More Than One Year Denis Kostin, May 20, 2019 8

First lasing SASE1

@9 A

May 2-3, 2017

April 27, 2017

Feb 2, 2017: 600 MeV _ _
Feb 22, 2017: 2.5 GeV GIESL SRinde ASED
@ 1.3 nm

Feb 25, 2017: 2.5 GeV

Jan 15, 2017: 130 MeV gz:"zg’ 22%11771_ 1131 (93%\; v
Jan 19, 2017: 600 MeV , 2017: 14.
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March 13, i First lasing SASE1

2018 @9A

Eu-XFEL: Timeline

May 2-3, 2017

April 27, 2017

First lasing SASE3
@ 1.3 nm

Feb 2, 2017: 600 MeV
Feb 22, 2017: 2.5 GeV

Feb 25, 2017: 2.5 GeV

Jan 15, 2017: 130 MeV gp:"zg’ 22%11771_ 1131 ge(;/ v
Jan 19, 2017: 600 MeV = - 14.9 Ge
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SRF Operation at XFEL: Lessons Learned After More Than One Year

March 13, i First lasing SASE1
Eu-XFEL: Timeline jE==a . ) 2018 @9A

0 Bt
14492 M2 = 30@101 % i 5
20@100% R .
£14000 MoV -

May - October, 2018

May 2-3, 2017

April 27, 2017

|

Feb 2, 2017: 600 MeV

Feb 22, 2017: 2.5 GeV GIESL SRinde ASED

@ 1.3 nm

Feb 25, 2017: 2.5 GeV
April 8, 2017: 12 GeV

Jan 15, 2017: 130 MeV _
Jan 19, 2017: 600 MeV Oct 23, 2017: 14.9 GeV

February 8, 2018

IS B 0 European XFEL HELMHOLTZ




SRF Operation at XFEL: Lessons Learned After More Than One Year Denis Kostin, May 20, 2019 1 1

i March 13, i First lasing SASE1
Eu-XFEL: Timeline ey pRC ‘J2018 @9A

May 2-3, 2017

April 27, 2017

Feb 2, 2017: 600 MeV
Feb 22, 2017: 2.5 GeV

First lasing SASE3
@ 1.3 nm

Feb 25, 2017: 2.5 GeV

Jan 15, 2017: 130 MeV gp:i'zg’ 22%11771_ 1131 (932/ v
Jan 19, 2017: 600 MeV = - 14.9 Ge

July 12, 2018: 17.6 GeV

February 8, 2018
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March 13, i First lasing SASE1
Eu-XFEL: Timeline ITECEEPa-wCClly @154 2018 @9 A

3
S P ng
C o2 ¢ 30@101% i 3
5 @101 I,
100 % e
00 MoV 2

May 2-3, 2017

' April 27, 2017

Feb 2, 2017: 600 MeV

Feb 22, 2017: 2.5 GeV GIESL SRinde ASED
’ @ 1.3 nm

Feb 25, 2017: 2.5 GeV
April 8, 2017: 12 GeV
Oct 23, 2017: 14.9 GeV

February 8, 2018
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Modules

SRF Operation at XFEL: Lessons Learned After More Than One Year

RF Power Distribution

20 +

XFEL spec (23.6 MV/m)

average E, . — 27.5 MV/m

10 15 20 25 30

Average module operational gradient (MV/m)

= All CM were cold-tested in Accelerating
Module Test Facility (AMTF)
B0 Cavities operational limits:
® Quench
® Field Emission (X-ray monitor
threshold 102 mGy/min)
® 31 MV/m - power limit
(administrative)
I E,.. measurement error ~10%

I B Y European XFEL

Denis Kostin, May 20t, 2019

Cryomodule Waveguide Distribution System (WDS) tailored

to match forward power to each cavity within practical limits

Yl Input phase shifter | \lASymmetricshunttee | /l Fixed phase shifter | Binary cell

|| | ] || | ]
-Distribution of klystron output power to the

superconducting cavities
‘Protection of the klystron from reflected power

i CM WDS

I RF station (4 CM)

-Control of phase

B Errors:

e WDS: 0.02dB

0 Module ‘pairs’ balanced (power requirement)
B Module power balance adjusted to match max. voltage (up to 3dB)
HELMHOLTZ
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Fundamental Power Couplers

Main coupler design for the Eu-XFEL linac Eu-XFEL fundamental power coupler consists of warm, cold and waveguide main parts. Coaxial

is well established and proven. coupler is made of copper and copper plated (10/30um) stainless steel with two alumina TiN coated
ceramic windows.

All of 25 Eu-XFEL RF stations 776 couplers Motorized antenna tuning (+10mm) allows for Q,,,4 adjustment (106..107). Operating Qload is 4.6x106.

are conditioned except All FPCs are pre-conditioned up to 1 MW pulsed RF power up to 400 ps RF pulse length and up to

B 4 FPCs were not conditionable and 500 kW with 1.3 ms pulse, repetition rate is 10Hz.

showing T70K overheating — shorted /

disconnected from the RF source warm part (coax &62mm, Z=50Q) cold part (coax @40mm, Z=70Q)

warm window (300K) cold window (70K)
waveguide part 70K shield

Couplers operation stable since over two
years of Eu-XFEL operation — no other
shorted (not used) couplers.

actuator antenna

T

NN

FPC cold window temperature (T70K)
increase with high RF power on some :
couplers shows, that proper coupler cooling i = M1/~ Ty

could be rather critical — currently it is not a : I v lssssae
problem for the operation.

HV bias capacitor, push-rod/ pumping port

iso.vac. flange 4K shield cavity flange (2K)

FPC conditioning (warm and cold) is
important for the linac operation.

e ropoan XFEL HELMHOLTZ
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SRF Operation at XFEL: Lessons Learned After More Than One Year

Regarding AMTF tests 19.3 GeV 7
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Reaching the Design Energy

19
LT T e e Tt S St T L B

L T S RS
175 -

D)

Maximum Gradient Task Force (MGTF)

B starton 21.06.2017

x

B 20 of 20 stations in L3 investigated
B 1 of 3 stations in L2 investigated

B 40 investigations done

L e S

L R
15.5 +---i---

ew 3

17.6 GeV at TLD on 12.7.2018
B With 2.6 GeV after BC2

© 9
15 < <
IiT

14.5

14

B Further investigations followed

B With design energy of 2.4 GeV after BC2
Energy gain due to MGTF: 1.9 GeV

B Equal to about 2.4 L3 RF stations

17.6 GeV at TLD on 18.7.2018
B Nearly 11% of final energy

Max energy possible with 2.4 GeV at BC2

Design energy

Regarding AMTF tests

HELMHOLTZ
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SRF Cavities: Performance

1000

900

800 -

700 -

600 -

500 -

Max. VS [MV]

400 -

300 -

200 -

100 -

A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 A21 A22 A23 A24 A25
RF Station

= Regarding AMTF tests " Before MGTF (23.6.2017 up to CS8 and 12.7.2018 for CS9) m After MGTF (30.01.2019)

Reached an average of 93.6% of AMTF performance

I B 0 European XFEL HELMHOLTZ
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SRF Cavities: Limits

Quench (soft quenching)

Field emission (500 uSv/h neutrons)
Power / missing piezo operation
Other limitations — solved

B Waveguide sparking

B Too low klystron power

B Cryogenics

In some cases, there are potential energy gains from
further optimization of the WDS

European XFEL

Denis Kostin, May 20t, 2019

Detuned cavities (31.01.2019)

Reason of detuning Number of cavities

After AMTF tests
After tests in XTL (coupler)

MGTF

Sum

A4.M4.C4
AB6.M3.C1
AB6.M3.C5
A6.M3.C6
A7.M1.C7
A7.M2.C3
A7.M2.C7
A8.M4.C1
A8.M4.C4
A8.M4.C5
A10.M1.C3
A12.M2.C2
A12.M3.C8
A12.M4.C1
A14.M3.C5
A16.M2.C1
A17.M3.C7
A18.M4.C4
A20.M4.C1
A21.M3.C4
A21.M4.C2

5 (~0.6%)
4 (~0.5%)
12 (~1.5%)
21 (~2.7%)

coupler problem: T70K

cavity problem: high FE/X-rays (10MV/m limit)

MGTF: too much power to this cavity (higher V_VS without)
MGTF: too much power to this cavity (higher V_VS without)
MGTF: too much power to this cavity (higher V_VS without), degradation
MGTF: too much power to this cavity (higher V_VS without)
cavity problem: high FE/X-rays (11MV/m limit)

MGTF: too much power to this cavity (higher V_VS without)
MGTF: too much power to this cavity (higher V_VS without)
MGTF: too much power to this cavity (higher V_VS without)
cavity problem: low Eacc BD (no FE) (13MV/m limit)
MGTF: too much power to this cavity (higher V_VS without)
MGTF: too much power to this cavity (higher V_VS without)
coupler problem: T70K

MGTF: high cryo-losses (already at AMTF observed)
coupler problem: T70K

MGTF: too much power to this cavity (higher V_VS without)
wrong WG-distribution 31MV/m (FE limit at 23MV/m)
coupler problem: T70K

cavity problem: low Eacc BD (no FE) (14MV/m limit)
MGTF: too much power to this cavity (higher V_VS without), degradation

HELMHOLTZ
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XTL (MV/m)

SRF Operation at XFEL: Lessons Learned After More Than One Year

SRF Cavities: Operation

35 ‘/.‘ T T 7
quench limits vs AMTF data -~
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R P ee®
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7 // [ ] //
// ‘ [ ) //
d ) e
g “.,".. e
7 g e
// ’/ ® // o
20f - 0’,‘ o - 8
./// * ///
/// ///
L% e
15 4 L ‘//\ L L L L L L
15 20 25 30 35
AMTF (MV/m)
I | European XFEL

Denis Kostin, May 20t, 2019

1000 — 1

800

600

Voltage (MV)

400

® On resonance

Detuned
200

--B-- AMTF estimate incl. errors
—&— End 2018

—#— AMTF design E,.+2 MV/m
—f#— June 2017

E, .. ¥4 MV/m

acc —

6 7 8 9 10111
Possible to reach 17.6 GeV.

| | | | | | | | | | | |
2 13 14 15 16 17 18 19 20 21 22 23
RF station number

Quench limits of 76 cavities were determined operationally (1..3 per CM).
12 cavities are detuned to optimize the performance (max. energy).
1 RF station (A14) is limited by the cryo-load.

3 RF stations (A6, A9, A12) are limited by

Reached 93.6% AMTF test performance —

the tunnel radiation.

within the error margins.
HELMHOLT
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SRF Operation at XFEL: Lessons Learned After More Than One Year

Tunnel Radiation
Radiation (gamma and neutrons)

measurement is an important tool to
understand the machine operation.

There are different techniques — Rad-FET,
TLDs, BLMs, Gamma and Neutron
Sensors — including a remote-controlled
robot system (MARWIN).

MARWIN measurement examples

Radiation in the linac is almost entirely RF
related (Field Emission / Dark Current).

Radiation due to beam particle loss can be
seen in collimation sections as expected

Only three RF stations (A6, A9, A12) are
limited by the radiation at max.energy.

No degradation — radiation values do
change with cavities accelerating gradient
and tuning — understandable.

I | European XFEL
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Denis Kostin, May 20t, 2019
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04.04.2019 beam off — gamma neutron
A2 T 'A3 ‘A4 A5 T A6 A7 AB AD A0 A11 AT2 A13 A14 A15 A16 A17 A18 A19
BC1 BC2
. ‘ 200 I 774&)“ ‘ 660 ‘ ‘ ‘ 860 ‘ ‘ ‘ 10‘00
10.04.2019 beam on — gamma neutron

A2

‘A3 A4 A5

e

AD Af0 AT1

AT2 A13 A14 A15 A16 A17 A18 A1d

200

400

Welit]

1000

RESEA!
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SRF Operation at XFEL: Lessons Learned After More Than One Year

Cryogenics

Eu-XFEL cryo-plant (4K) 2 years in the operation
since successful commissioning
the performance results comply within the error margin
with the specification: 2K cryo-losses set to ~5 W/CM,
measured <6.3 W/CM at 17.5GeV

The 2K pressure stability is excellent
0.6% peak-to-peak, 0.3% RMS
The cascaded pressure regulation in combination with the
automatic heat load compensation improved the pressure
stability significantly
Even dynamic procedures (power ramping, RF-shutdown,
etc.) can be compensated quite well without affecting the
pressure stability drastically

There are some problems with bearings of the cold
compressor motors
New motor design is being developed, improvements are
being done as well
The recovery effort after a cold compressor shutdown
(e.g. bearing failure) is minimized by the automation and
cryogenic system configuration

I | European XFEL

Heat load, Watt

1150,0-

Denis Kostin, May 20t, 2019

>100 level sensors
433 regulation loops
> 22000 records

> 220000 properties

671 control valves

2647 temperature sensors
800 pressure sensors

212 flow sensors

20

1100,0-
1050,0-
1000,0-
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900,0-
850,0-
00,0~
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650,0-
00,0~
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500,0-
450,0-
400,0-
350,0-
300,0-

250,0-
07/17/2018

Total 2K heat load E
2K dynamic heat load [
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|I k\ J,J,\\'\\rmhf\'%.'-ﬁwﬁVJ\"'\.\‘,..\V.\L/"“"\—\WMPWT
/
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Date/Time

1 ety
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Denis Kostin, May 20t, 2019

Cavity Piezo Drivers

Piezo driver electronics
installed at all RF stations

Cable checking is

scheduled now, then...

B Cable fixing

B Commissioning

B AC/DC feedback
operation

Test operation at A24

since end of April

B Less forward power
required for same VS
voltage (-1.1%)

B Detuning kept stably
around 0 Hz
I | European XFEL

Detuning

Test run at A24

M Detuning histories
1]

e

Klystron forward power
of arm1 and arm?2

Piezo on

lk%mv. d

Piezo on

2h 30.4. 12
2019 2019 30.4.

19h 20h
2042019 20.4.2019

it
S

Piezo on

30.4.

19h 20 h 18h 12h 29.4. 12n
29.4.2019  29.4.2019 27.4.2019 .4.2019 2019 29. 19 2019 30.4.2019

Vector Sum (VS)

i
il t'ﬁ}

Ma Detuning histories

Piezo on

u»wmmm

WA L

6h 12n  30.4. 12h
152019 2042019 2019 3042019

[<lcllelal <l <]

Piezo on

Piezo off

6h _18n 12h 2.4, 12 30.4. 12h
1.5.2019 27.4.2019 28.4.2019 2019 29.4.2019 2019 30.4.2019

HELMHOLTZ

CH FOR GRAND CHALLENGE

6h
1.5.2019

21



SRF Operation at XFEL: Lessons Learned After More Than One Year

Eu-XFEL: Current Operation

run with 1 or 2 RF-stations off-beam as a spare

httos://jddd -xfel.desy.de/jddd /XFEL/Operation/XFEL Cockpit Main.xml /i/

= | XFEL COCKPIT
SUBTRAIN - ALL

Operation mode: (§)) saseus () sasez () TLD Allowe 2 RF-stations off-beam

LASER / TIMING - ALL ENERGY I1/BC0-FT1 ENERGYL1/BC1-FT1

ENERGY L2/BC2-FT1 ENERGYL3-FT1 LONG. FEEDBACKS OREIT FEEDBACKS
Beam allowed / Shutter Rsg R

R OFF -50.00 mm -50.95 mm

Sum Volt Chirp Sum Volt Chirp
128.49 MeV 851 1/m 591.17 MeV -10.50 1/m

.50 331.13 2i6.51

Type1 Type2 Type3

Bunches 1 2 250

Bunch Pattem Timing

MAGNETS

1,_Energy gain

Denis Kostin, May 2
(% L3/CL/TLD

2019-05-02 07:08:02 Op mode: () SASE1/3 () SASE2 () TLD Bunch train max: @) SASE1/3 @ SASE2 @ TLD Personal interlock: () XTL Beam Permission

Infrastructure Feedbacks Magnets

Cryo: Energy: @ CL Gun-TLD: @ Permit:
R — Orbit: @L3 On @TL On

510@100 % 510@101 %

A7 | A8 A9 & A10| A11 A12] A13 A14 A15 A16 A17 A18 A19| A20 A217 A22 A23 A24 | A25 o RS

1229 MV overhead to on-crest

RF-siaton snited of ea.
RF-staion shited off bea.

p

510@101%
ORBIT

& zga [ZFB onioff NJOmit[[]  sA1 Omit: % F) sA2 Oit: [ T

-30.28 mm A

Charge .250 L1omi:[Z 7 SA3omit [ ) 750 onit:[Z — hortzontal
Sum Volt Chiry Total Energy (RF] o 7 ORBITA X ALLPULSE VEAN
1763.81 Mev SR 2] Ensroy, (RE) ok L2 0nbit:[4 ) T4D Orbit: 72 ¢
17§3-48  Ci2.08 i nzeit 1M L onic 4

BG1BOM1 BCzBOM1 =
smges O L orit: (4 Slow FB Oviview
ovosss @ osss @
IBFB
Overview x: e[ rrlld Y: vo g er g IBFB Overview a
vertica

UNDULATORS - SA1 ISR

GunMode 7% @  BC2Mode () @ Sase2 Mode
Injector Mode 7 @  Linac Mode (¢
BC1 Mode () @ saset1/3 Mode (%) @

Group Actions
Status (¥, Energy  14000.00 MoV P

A stop Active to park
Wavelength: All to max. gap Active io max. gap

Al close

OVERVIEW - SUBTRAIN: ALL

510 @ 101 % 510 @ 101 %
510@ 253pC Z-2130.1 MeV

510@101%
= P —
510 @ 101 % ! - - —_— N . =

. =2127.4 Me

Emittance x/y: 0.50 / 0.34 mm mrad
Mismatch x/y: 1.98 / 1.53

Current beam energy: 14 GeV — 2 RF-station

Overview
214043 MoV
693
2@101%
2213950 MeV " .
510 @ 101 % "

Ll Ll
Z-214017 MeV
251 @ 100 %

2@102%
510 @ 101 %

- "
L \ _ | B LT
= 2399 MeV 2313754 MeV . i,
it
257 @ 100 % ey, .
2214002 MeV 5 01%

Z-213933 MeV

s off-beam (user operation).

Next planned beam energy: 16.5 GeV — 1 RF-station off-beam (user operation).

I | European XFEL

HELMHOLTZ

HALLEN



SRF Operation at XFEL: Lessons Learned After More Than One Year

Possible CW Upgrade

Continuous Wave (CW) mode is the origin of the SRF
accelerator technology. Eu-XFEL project was based on the
Linear Collider (LC) technology (TESLA) operating in the
pulsed RF power mode (10 Hz / 650 ys beam pulse).
Many FEL user experiments will get an advantage (or
become possible) with CW mode operation.

Possible beam parameters: 25 pA (100 pC and 250 kHz)
with 8 GeV (CW) and 12 GeV (long-pulse: ~100ms).
Several CMs were successfully tested in CW and long-
pulse mode in CMTB at DESY.

Injector L1 L2
1.3 GHz module 4 modules 12 modules
3.9GHz 39 harm. (1 RF station) (3 RF stations)
\ v v v
v TAB | | 1AM | A5
. 1 Madule

' cw optimized modules
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Replace the front-end cryomodules (17x)

Larger cooling capability

CW optimized cavities
Install CW capable RF sources

1% 10T per RF station
Double the cryo plant (cost driver)

2.5 —» 5kW
CW electron gun (preferred option: SRF gun).
The former front-end cryomodules can be installed at the
end of the linac to lengthen L3 (+4 RF stations), no further
action required in L3 (>1km).
The upgraded XFEL would be capable of short pulse, long
pulse AND CW operation.

L3
80+12 modules
(24 RF stations)
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SRF Operation at XFEL: Lessons Learned After More Than One Year Denis Kostin, May 20t, 2019

Summary

European XFEL operates since over two years — without major problems.

Important project milestones — 17.5 GeV and 27000 bunches/s (no lasing) — achieved.

Current beam energy: 8 — 16.5 GeV (user operation).

Initial achieved station voltages were consistent with production module tests projections including errors.
MGTF carefully studied and tuned each station individually, eventually achieving >90% of projected estimate.
Currently running with 21 cavities detuned - 12 detuned as a result of the MGTF studies.

Tunnel radiation (dark current): currently considered safely within limits, but will continue to monitor/study.
Focus now on maintaining identified max. limits operationally - root causes analysis of trips, etc.

A possible CW operation upgrade is under study.

I B 0 European XFEL HELMHOLTZ
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-

' Thank You !

I B 0 European XFEL I_-FI‘ELMHOLTZ

GRAND CHALLENGE




<<
  /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


