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PAL-XFEL

0.1 nm hard X-ray FEL using a 10 GeV normal conducting linac ~ Apr. 2011: PAL-XFEL project started
Jun. 2012: Ground-breaking

Bui

Y"‘!H s

' i, o e 414 .TI'G First SASE lasing at 0.5 nm
4 gy o' & 28 Oct. 2016 Lasing at 0.15 nm

€ 27 Nov. 2016. Saturation-of 0.15 nm

€ 16 Mar. 2017 Saturation of 0.1 nm

y (mm)




Outline

& Status of PAL-XFEL

 Parameters

« Commissioning results

&€ Performance of PAL-XFEL

* FEL optimization
* FEL stability
« 20 fs timing jitter

€ Self-seeding

4 Summary
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 April 2011

» Sep. 2012

* Jan. 2015

* Dec. 2015

* April 12, 2016
* June 14, 2016
* Oct. 28, 2016
* Nov. 27, 2016
 March 16, 2017
* June 7, 2017
* May 30, 2018
* Nov. 2018

* Mar. 2019
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Brief Timeline

PAL-XFEL project started

Construction started

Building completed

Installation completed

Commissioning started

First SASE lasing at 0.5 nm

Lasing at 0.15 nm

Saturation of 0.15 nm (project completed)
Saturation of 0.1 nm (design goal achieved)
First User Service

Self-Seeding Test

Permission granted to operate up to 11 GeV
60 Hz operation started



PAL-XFEL Parameters

30A 200A 1kKA
2 ps —> 300fs ——*> 60fs
Heater BASO BAS1

=gty

XLIN

Main parameters

e Energy

e Bunch charge
Slice emittance
Repetition rate
Pulse duration
Peak current

SX line switching

}If‘Dﬂ}rﬂlD}Fl—D}l‘lH—[l]]I[[D]f—’l/l&

11 GeV

20-200 pC

< 0.4 mm mrad
60 Hz
5fs—50fs

3 kA

DC magnet

(to be changed to Kicker by 2020)

SKA 20 und.

! 20fs

HX Undulator (HX1)

[BC3H | BAS3H

ILSB DF2H Dechirper
SX Undulator (SX1)
LBCs ) (0.3~1.2keV)
o sss
L3S | DF2s
Dechirper BAS3S 3.15 GeV
dump

Photon energy [keV] 2.0~14.5
Beam Energy [GeV] 4~11
Wavelength Tuning energy

Undulator Type

Undulator

Period / Gap [mm] 26/8.3

(25~128 keV)

ATl

Planar, out-vac.

10 GBV‘

dump

Self-seeding

0.25~1.25
3.0

gap

Planar

35/9.0
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FEL intensity [

Saturation Curve

Nov. 27, 2016

—— Simulation

111[111

Measurement
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Wavelength: 0.144 nm
Beam energy: 8.04 GeV
Undulator K: 1.87
Emittance: 0.55 mm-mrad
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Feb. 02, 2017
—— Simulation
Measurement
-2 -1 0 4
¥ X (mm)
Wavelength: 1.52 nm
Beam energy: 3.0 GeV
Undulator K: 2.0
Emittance: 0.55 mm-mrad
Peak current: 2.2 kA
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Soft X-ray
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Saturation of 14.5 keV FEL (Nov. 07, 2017)

—— Simulation with tapering « E-beam: 10.5 GeV
—— Simulation without tapering
10 Measurement with taperin
10 = W aperng « FEL beam energy: 0.65 mJ
= 2.8 E+11 photons/pulse
S 10%}
£
0 0.7
c
Q2 . 0.6
C L —
= 10 =
d E os5
™ S 0.4
[4b]
T 0.3
107 ¢ Phot : 8
on energy: 14.5 keV S po2
Beam energy: 10.5 GeV L
Undulator K: 1.87 0.1
Emittance: 0.42 mm-mrad 0
Peak current: 2.2 kA
108 : ' ' : : -0.1
20 40 60 80 100 120 0.4 0.6 0.8 1 1.2 1.4

Corrector magnet current (A)

Undulator length (m)
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Outline

¢ Performance of PAL-XFEL
* FEL optimization
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FEL Optimization Procedure

e-Beam based alignment in undulator section (2 hours) n

2. Undulator offset tuning (15 min. for 20 undulators) Un-compressed
: to find the undulator field mid-plane — €-beam

3. Undulator gap tuning (25 min. for 20 undulators)
: to find the gap distance for the same undulator K -

4. Lattice matching

Phase-shifter gap tuning (15 min. for 20 undulators)
: phase matching between two undulators
6. Undulator tapering

compressed
e-beam

4

4

April of 2019 We do this procedure every week

Maintenance  FEL tuning
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Undulator BBA

= Same BBA algorithm as LCLS

» e-BBAis to find BPM and Quad offsets on straight line
1) Beam positions are measured at four different beam energy: 4.0, 5.0, 6.6 and 10 GeV

2) Calculate the BPM and Quad offsets for dispersion free, and apply them to the BPM’s BBA offset and quad mover
offset, respectively.

- Repeat 1) & 2) until the calculated BPM offsets are smaller than 5 um
= It takes about 10 minutes for one iteration. At least 7 or 8 iterations are required.

1-st iteration
BBA Scan Fit Result 07-0ct-2016 10:04:27

200 - —— BPM Offset Fit
S —— Quad OffsefFif
s oo
@]
* 200+
750 800 850 900 950 1000
_ 200 ——BPM Offset Fit
g Qu Dffset Fit
s o
o
> 200+
750 800 850 900 950 1000
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Undulator BBA

= Same BBA algorithm as LCLS

» e-BBAis to find BPM and Quad offsets on straight line
1) Beam positions are measured at four different beam energy: 4.0, 5.0, 6.6 and 10 GeV
2) Calculate the BPM and Quad offsets for dispersion free, and apply them to the BPM’s BBA offset and quad mover
offset, respectively.
- Repeat 1) & 2) until the calculated BPM offsets are smaller than 5 um

= It takes about 10 minutes for one iteration. At least 7 or 8 iterations are required.

1-st iteration 8-th iteration

BBA Scan Fit Result 07-0ct-2016 10:04:27 . ‘ :
- | T 20} ——BPM Offset Fit |
. 200 —— BPM Offset Fit = I —— Quad Offset Fit
€ —— Quad OffsefFig = @ 4
= D
g Or 8 °
o ')
* 200 <20
750 800 850 900 950 1000 800 850 900 950
' E o0l ~—— BPM Offset Fit |
_ 200 ——BPM Offset Fit = —— Quad Offset Fit
£ Quad Dffset Fit =
= T\ 7 " [T ME s e X
e Of 2
o) Q
> 200 =-20r | | | 1
750 800 850 900 950 1000 80g 850 5 imy 90 450
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Undulator Offset Tuning Undulator Gap Tuning Phase-shifter Gap Tuning
(for undulator field mid-plane) (gap distance for the same (phase matching between two
undulator K) undulators)

%107

solid line: Gaussian fitting

Photodiode current (A}
Igepm (@rb. units)

0.6 v

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 35
Undulator (HU13) vertical offset [mm] 'B.95 9 9.05 9.1 9.15 92

Undulator gap distance (mm)

Undulaotor Slit DCM Photodiode
Center 45m Om -1.1m
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Undulator Lattice Matching

Beam Size (pm)
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P FEL Energy delivered to Users (2018)

2018 HXFEL SUPPLY

20 20 mJ m 280keV = 5.00keV = 550keV = 7.00keV m 9.70keV = 11.10keV m 11.90keV = 12.70keV = 14.40 keV

15
~~
E 117
= mEL 1 12g 1.11-1:09 [

i d 1.07 1.07
> i 106 107
s 0.99 [ ] : w
£ 10 0.94 -
] = i )
8 O 84 0 83 J.80
L] | |
4 %75
b 071 o 071
i} n n
e o
0.54 9:56
0.49 vy o

0.5 m H o = '

0.0
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Outline

&€ Performance of PAL-XFEL

- FEL stability
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Machine Performances

€ Photon energy
- Saturated FEL up to 14.5 KeV
€ FEL pulse power
€ FEL beam pulse duration
€ FEL power stability
€ FEL position stability
€ FEL central wavelength jitter
€ E-beam energy jitter
€ E-beam arrival time jitter
€ FEL beam availability

2.0 ~14.5 keV

2.0 mJ at 9.7 KeV
10 ~ 35 fs (fwhm)

< 5% RMS

< 10% of beam size
0.024 %

<0.015 %

<15fs

~95%
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227 Hard X-ray FEL Intensity

1.93 mJ at 9.7 keV » Access to the tender X-ray range (2.0 ~ 4 keV)

e ! i o3 ' ' presently is only available at PAL-XFEL
» This regime allows access to the Ru L edge
= (e | and the M edges of the 4d transition metals.
£ 15¢ :
= | 1 ¢ 3
e ! L]
o i 2 User Service Beamtime of 2018
@O : ¥ I ] 1200 : ; : :
: ) [
d L }I] ________ T B ) 1000}
L ¥ 3
: < goo|
Leb]
! E sx (0.5 ~ 1.0 keV)
0.5t E £ 600}
: = Tender X-ray
! L
| ! L 400t
 — &
0 . .: . . . . . @ 200}
0 2 4 5 8 10 12 14 15
Photon energy (keV) % 5 10 12 14
Tender x-ray F’hoton energy (keV)



Electron Beam Energy Jitter

RF system jitter performance

0.15 . ‘
iy . 12/11/2017
g I 04/17/2018
® 0.1 i
=
&
© 0.05¢ -
w
[38]
=
o

0 5 10 15 20 25 30 35 40 45
RF station

Amplitude jitter {%)

0 5 10 15 20 25 30 35 40 45
RF station

1) Stability of klystron magnet power supply was improved from

1,000 ppm to 100 ppm level.
2) Thyratron runtime issue was resolved

Energy jitter at four dispersive points

200

BC1: 8.2e-05 BC2: 2.4e-04
150 150

12/11/2017 £
(11 Dec.) .

02 01 0 01 02 %2 04 a 01 02
BPM-x [mm] BPM-x [mm]
200 200 - 1 9E_4
BC3H: 1.8e-04 -
150 150
2 2
5 100 5 100
o o
o o
50 50
0 0
-0.2 0.1 0 0.1 0.2 -1 -0.5 0 0.5 1
BPM-x [mm] BPM-y [mm]
120 120
BC1: 6.6e-05 BC2: 1.2e-04
100 100
«a 80 «w 80
4/17/2018 s = g
© a0 © a0
(17 Apr.) 20 20
0 o
02 -0 0 01 02 02 -0 o 01 02
BPM-x [mm] BPM-x [mm]
120 120
BC3H: 1.0e-04 dumg; 1.3e-04
100 100 s 1 3E_4
~» 80 » 80 "
S 60 S 60
o o
© a0 © 40
20 20
0 o
02 -01 0 01 02 1 05 o 0.5 1
BPM-x [mm] BPM-y [mm]
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Modulator performance vs. Thyratron runtime

CX1836A
m T v T v T v T v T v
CX1836A, CX1836AP, CX1836AX 2 oL ]
Air Cooled, Deuterium Filled \t I ° l
- o
Two-Gap Metal/Ceramic Thyratrons = 006 | ]
= L 4
1. Peak Forward Anode Voltage  +50kV ] 0.05 ° -
2. Peak Inverse Anode Voltage -50kV _,U)_, [ 1
S 004} ° -
3. Peak Anode Current 10 kA 9 : :
— b -
4. Average Anode Current 10 A 2 (]
. O 003} ® -
5. Rate of Rise of Anode Current 10 kA/us £ | L4 o0 |
6. Maximum Operating Frequency 10 kHz § 002 L4 i
7. Anode Delay Time 200 ~ 350 ns . | . % i
8. Anode Delay-time Drift 15 ~25ns % 001k . . -
9. Time Jitter 3~10mns .g F - - 9Py - - -0-g-o ..‘ ................ - -
10. Minimum Recovery Time 20 us § 0.00 |- LLRF measurement limit -
1 N 1 N 1 N 1 N 1 R
0 5000 10000 15000 20000 25000

Thyratron Runtime (Hour)
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.‘%? FEL intensity stability (9.7 keV FEL)

Short-term (3 min.) Long-term (10 hour)
1 T T T T
20r
= 08 ] E
--.E- E;’ ] 5 L
'éﬂ intensity jitter: 3.1% ? ‘
% 06} y JHer: 3. 1% 2 Titter : 4.33 % in rms
E 0 0l |
i 3.1% m 1.0 4.3 %
0.4}
L
5
= 0ol e 05F
o 02 @ [ min & max
—mean
0 N N N N . N 0‘0 1 Il Il 1 Il 1 Il Il 1 Il
0 0.5 1 1.5 2 25 3 35 12:00  13:00 14:00 1500 16:00 17:00 18:00 19:00 20:00 21:00 22:00

Time (minute) Time (2018-12-06)




Central Wavelength Jitter (14.4 keV FEL)

—_ ) [ w [

w =} W =3 W

(=3 =3 =3 (=3 (=3

=1 (=] (=] (=1 (=]
T T

Spectrum Intensity (a.u.)

1000 ¢

500

number of shots

PAL

1970-01-09 21:49:44.462

1.437 1.438 1.439 1.44 1.441 1.442 1.443
Photon energy (eV) «%10*
160 T T T
[T sAsE FE|: 1
140 HEZT] Electron beam 1
1 |
I ~5 x10+ | !
120 P > :.
100 | 1
1
1
80 1
60
40
20
o
-0.1 -0.05 o 0.05 0.1
Energy Jitter (%)
EZII[719 722
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1200

160
bandwidth of a Gaussian fit I Average spectrum + Counts
o] 1588V (o) et Gavasan ]
_‘_:,“:, 15 5 eV ‘ é]g[} ¢ 1 o of fit: 3.4 eV
U (whm
§ a0 ( ) M‘" | 2 o 3.4 eV
E IALTAY ? o
2 400 Mq ll U L"m | g
3 VTN g
2 (RRREINN g
7 200 n‘ll W l“ g 20
»JI.J“ b A |
1437 1438 1439 144 1441 1442 1443 12‘335. 1430 14395 144 14405 1.441 ) .1-4415
Photon energy (eV) «10* Photon energy (eV) «10*
= Central wavelength jitter (3.4 eV) is 5 times smaller
than SASE bandwidth (15.5 eV in FWHM)
= Relative central wavelength jitter: 2.4 E-4
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Outline

&€ Performance of PAL-XFEL

» 20 fs timing jitter
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Timing jitter between XFEL and optical laser (Long-term)

Stability for 14 minutes

o

100 129 XFEL :

Sample :

position oxc i

3 0 delay , ;

= d 7 :
§-100 3 -
g : P

8 0 3 6 9 12 Time-delay i

g_ Beamline JIRRORRL

& 100 | BAM

2 Master delay :

= Of tﬁ < ’

Laser 7
_100 system
0 | 3 | 6 . 9 | 12 . Laser Room

Measurement time (min)

Access Door 1 Access Door 1

7,

2 " m—

v = ||

Undulators “eAadg 020 e momemetesasco comsooosas
‘ | BAM 4_| - Access Door 2 Access Door 2
/ Beam dump Sliding Gate Door
(WSS  BAM: Beam arrival monitor (Phase cavity)
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After Slow Drift Correction

Statistics for 6000 XFEL shots (30 Hz)

100 .

Stability for 3 hours

50 ..

0

Sy (Fs)

500 .

0 1000 2000 3000 4000 5000 6000
Pulse Number at 30 Hz

FWHM =42 fs | 43

(rms =18fs) | 100 [l N L b
14.4 fs (rms) B o &

8 . . . _ rms jltterl = 11§.6 fs

0 20 40 60 80 100 120 140 160 180

Measurement time (min)

Time-zero position (fs)

4100 .50 0 50 100
Arrival Time (fs)
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PALZ? Timing jitter between pump laser and probe XFEL @ sample

Bi(111) thin film (50 nm) on GaSb(111)/Si(111) No timing jitter correction

X-ray: 6 keV - averaged by 50 trials of the time
X-ray size: ~ 60 x 60 um? delay scan and normalized by
Laser: 800 nm, 100 fs GaSb(111) Bragg peak intensity
Detector: MPCCD 0.5M - Only slow time-drift correction

Time-resolved diffraction of Bi (111) thin film

-
(=]
o

% Vibration Frequency : 2.7 THz ]
] Instrument Response: 137 fs (FWHM) |

0.95}

Bragg
intensity

0.90 |-

0.85}

Normalized Diffraction Signal

SR Optical
i e Pump

RS

14 0 1 2 3 4 5 6 7 8
Time (ps)



Result in User experiment (2019-1st-Xss-011, Prof. J. Kim, Inha Univ.)

Time-evolution of 1t rSV (Singular value) from Time-resolved Bil; solution scattering experiment

no drift correction Slow drift corrected

0.2} 02}

0.1F

f Time-zero drift ~200 fs " Time-zero drift +8 fs

IRF = 134 fs (fwhm) —m— Run #018
—e— Run #019
—A—Run #023 | | 4 hours
—v— Run #024
. . —<— Run #029
0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Time delay (ps) Time delay (ps)

—=&— Run #009
—e— Run #012

* It took 20 min per single run.
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Outline

€ Hard X-ray Self-seeding
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=7 PAL-XFEL HXSS project history
« Collaboration with APS/USA and TISNCM/Russia

— Design of Diamond crystal monochromator by APS (Yuri Shvyd’ko, Deming Shu, and Kwang-Je Kim)
— Diamond crystals fabricated by TISNCM, Russia are checked at APS for its property
— Engineering design by PAL staff and fabrication by Korean company

— Feb. 2018: Installation of HXSS

« Commissioning of PAL-XEL HXSS
— May 2018: Low bunch charge 40 pC for 8.4 keV, crystal offset calibration with undulator radiation

— Oct. 2018: Nominal bunch charge 180 pC for 7,8. keV, crystal offset calibration with crossing points of
self-seeding (Collaboration with ANL, LCLS, EuXFEL)

— Nov. 2018: Seeding for 3.5 keV with 30 um crystal and 14.4 keV (Collaboration with LCLS, ANL)



227 Self-seeding at the nominal (~180 pC) bunch charge
TkeV at 60 fs delay

SASE pulse length measurement

2018-05-31 00:43:55.456

25 T
(a) (b) o o
—~ _::Iiieeded —6 —— Self-Seeded } 29.5 fs FWHM
52 > = 2
S | 0.64eV s .
;é‘ FWHM x3.5 -é‘ 4 g 4000 -
2 1 —> | 8 23000 s 151
i) L2 £ 2
= = :C;zooo 2
217
0 0 1000 -
20 -10 O 10 20 -20 -10 0 10 20
E - EC (ev) E - EC (ev) 6975 6980 6985 6990 6995 7000 7005 7010 05T
Photon energy (eV)
(©) 20 @ 100 % 1 20 % 40 50 6
SASE  Self-Seeded - [ sAse = Beam parameter Chicane delay (fs)
— 10 Mg 2 B Seit-Seoded * Charge: ~180 pC
3 @ 1 eVrange + Peak current: ~2.5 kA
Le 0 © 50 * Emittance: ~0.4 mm-mrad
Woop E = Seeding
- + Pitch angle: 89.5 deg [400]

1000 2000 0o 1 2 3 4 5 * FEL energy: ~400 pJ (seeded), ~1 mJ (SASE)
Shot number Intensity (a. u.) « BW (FWHM): 0.64 eV (seeded), 12 eV (SASE)
Si(111) single shot spectrometer used (limited by Si (111) spectrometer resolution of ~0.6 eV )




Self-Seeding at 14.4 keV

» Seeding conditions

4000 -
« [hkI] = [440] 0 wake
. 3000 S5-¢100-14.4keV-pitch46.63-yaw0-Td25fs-hkl440-2018-11-20-032542.mat
* Pitch angle = 46.63 deg 150 .
s Ay=0641 2600 1st wake [ SASE s SASE
h S5 5 sS
* TO: 1.8716fs @ 100 “@5 ’ peak ratio: .37
* t;~50fs 1000 g '%‘4 | 0.5 eV ratio: 5.53
2 I3 |
° td~30fS 0. 2 -ES I
-10 = 50 = i
Egop 50 0 70 3¢ 2 A
c(e|/) 10 10 Sine deiay (s) << 1 - ‘,,«-—-}\\\:_E
DD 2 4 5] CiSD 10 0 10 20 30
Peak intensity (a.u.) E-E_(eV)
» Time-delay: 25 fs (0Ot wake of FBD) ’
» Peak intensity ratio of SS and SASE: 6.37 SS . e
. . 55
= Afraction of 1-eV BW over entire spectrum0.047C = _
< 33
« SASE: 0.047 = <
w 22
« SS :0.226 w £ H
1 I
= FEL energy: ~400 pJ (seeded), ~1 mJ (SASE) b
I P
= BW reduction: ~ 35 times 500 1000 1500 2000 a0 90 o 10 20 a0
Shot number E-E_(eV)
= SASE: 16.9eV, SS:0.49eV ‘
32
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Summary

» A mJ-level intensity is available for photon energies of 2.5 to 14.5 keV

» A distinguishing performance (world’s best) was achieved by FEL
optimization through BBA, undulator parameter optimization, and lattice

matching

» The unprecedented temporal stability was realized with the timing
jitter of ~18 fs (rms) between X-ray pulses and optical pulses from a

synchronized laser system

» A 14.4 keV self-seeding was successfully demonstrated for the first time

PAL 2 ZEZI7I517193 2
— '

33



Poster Contribution from PAL-XFEL

TUPRB065 Widely Tunable Hard X-ray Self-seeding at PAL-XFEL
TUPRB066 New Hard X-Ray Undulator Line in PAL-XFEL
TUPRB067 Hard X-Ray Attosecond Pulse Generation Using Slotted Foil in PAL-XFEL

TUPRB068 Measurement of the Spectro-Temporal Profile of X-Ray Pulse in Free
Electron Lasers as Slicing the Electron Beam Using a Lined Slotted Foil.

TUPRB069 Study of FEL Operation without X-band Linearizer in HX Line at PAL-
XFEL

TUPMPO032 Design of the Analog to Digital Converter Scheme for High - Precision
Electromagnet Power supply

THPRB117 Stability and Reliability Issues of PAL-XFEL Modulator

THPGWO089 Mechanical Design of a Diamond Crystal Hard X-Ray Self-Seeding
Monochromator for PAL-XFEL (Deming Shu, ANL, Argonne, lllinois)

PAL 2 ZZ I8 2
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Poster Contribution from PAL-XFEL

TUPRB065 Widely Tunable Hard X-ray Self-seeding at PAL-XFEL
TUPRB066 New Hard X-Ray Undulator Line in PAL-XFEL
TUPRB067 Hard X-Ray Attosecond Pulse Generation Using Slotted Foil in PAL-XFEL

TUPRB068 Measurement of the Spectro-Temporal Profile of X-Ray Pulse in Free
Electron Lasers as Slicing the Electron Beam Using a Lined Slotted Foil.

TUPRB069 Study of FEL Operation without X-band Linearizer in HX Line at PAL-
XFEL

TUPMPO032 Design of the Analog to Digital Converter Scheme for High - Precision
Electromagnet Power supply

THPRB117 Stability and Reliability Issues of PAL-XFEL Modulator

THPGWO089 Mechanical Design of a Diamond Crystal Hard X-Ray Self-Seeding
Monochromator for PAL-XFEL (Deming Shu, ANL, Argonne, lllinois)

Thank you for your attention

PAL 2 ZZ I8 2
5 a2

35




<<
  /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




