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Introduction — SXFEL & SHINE

¥
¥

Shanghai Soft X-ray FEL Test Facility

§ 2021

SXFEL: Shanghai Soft X-ray FEL User Facility

SHINE: Shanghai High repetitioN rate XFEL and Extreme light facility
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Under constructlon

Key parameters
Parameters SXFEL-TF SXFEL-UF SHINE

Output 9 2~10/ 0.4-25 keV
Wavelength/nm 1.2~3

Bunch charge/nC 0.5~1 0.2~0.5 0.01~0.3
Pulse length ~0.5 0.03-1 0.015~4
(FWHM)/ps

Peak current/kA ~0.5 0.7 0.5~2.5
Max Rep. rate/Hz 10 50 1e6




Introduction - why

B Beam energy: one of the key parameters for FEL facilities

2
» Beam energy determinate the radiation wavelength A A <1 + k_>

» The stability of beam energy determinate the stability of FEL radiation

B Accurate and precise beam energy measurement is crucial for the optimal performance of the facility

» Used for radiation wavelength calibration
» Used for feedback to stabilize the beam energy, maintain a constant output wavelength

» An essential tool for the commissioning and acceptance of FEL facilities.
B New demands from New facilities: e.g. SHINE
» BC1@SHINE: 200 MeV to 500 MeV (R56=-61mm@200MeV, aperture: 115mm X 35mm)

B A non-intercepting robust broad beam energy measurement system is necessary.
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Introduction - How

B Measuring the bunch/synchrotron radiation light position at the chicane is a commonly used method.

Synchrotron radiation monitor Chicane BPM
igh voltage R — a2 Tapering
50 : ' i : & Pickup Channel
- B - o i
NNz
- dnax Beam Path SMA Vacuum Feedthrough

Fig.1 Synchrotron radiation monitor('-2! . : s .
Fig.2 Chicane beam position monitort3-4l

Intuitive and effective but expensive & complex

B SXFEL: a stripline-BPM was utilized at the 1st BC of LINAC used for energy monitoring and feedback.
» Calibration of the initial position to obtain a more accurate measurement of beam position changes.
» Limited by the signal-to-noise ratio (SNR) of the electrode signal away from the beam(offsett, SNR|)
> Affected by the bunch profile inside the chicane

Chicane BPM

- Offset_1(x1)
@ Offset _2(x3)

electron bunch

[1] Gerth C. Proceedings of DIPAC. 2007, 7.
[2] Wilhelm A, Gerth C, Proceedings of DIPAC. 2009.

[3] Lorbeer B, et al. Energy Beam Position Monitor Button Array Electronics for the European
XFEL[J]. 2018

[4] Hacker K. Measuring the electron beam energy in a magnetic bunch compressor[R]. 2010.

Dipole magnet .
Chicane



Introduction - How

B /nstead of measuring the beam position inside the chicane, can we determine the bunch energy

by measuring certain parameters outside of the chicane?

Chicane BPM
__________ am» Low energy

- \id energy
@ High energy

AE
Ax:R16F ‘ Al=R56F - At:R56F/ﬁC
bunch position the path length

SARI

bunch flight time

Also found a reference[4]




Motivation

B Questions:

» Can chicane-based beam flight time be used for beam energy measurement?

» What is the performance like?

» Which method is preferable for nondestructive beam energy measurement:

BPM or BFT?

H Motivation:

» Investigate this beam flight time-based beam energy measurement scheme
» Establish an applicable system and evaluate the system performance

» To learn and compare the two methods



Development of the BFT-BEM system

» Fundamental principles
» BEM system

SARI



Fundamental Principle

@ Highenergy /BT

@» [owenergy

B With an approximation, the bunch flight time (BFT) B Especially, given the bunch inclination, the relation

and bunch position at the chicane can be between the beam energy and BFT can be determined:
expressed as: 4 3 lL=p-0
tfly = Z li + z li,i+1 /ﬂ C l12= . dl
AE~At,, = Rs¢ - AE JESc, Axp. = Ry - AE/JE = T sin(m — 6 — @)
_ JW(W + eg)

SARI cos(a) + cos(p) = Ly /p p 7B

10



Analysis of BC1@SXFEL

| . .d_lﬁ
wnch [ 7[___?6____ N ___ ___ ®m Take the BC1@SXFEL-LINAC as an
2 ) i |2 example, the relation between the BFT and
o Ly : ho beam energy is expected to Dbe:
(E=230MeV)
_______________ x_"_’
x At
S P¢ = 0.696 ps/MeV
7 T = AE
b
Schematic of a chicane
Parameters of a chicane at SXFEL-UF B Similarly, the relation between the beam
Symbol Value Unit " .
. 108 . position and beam energy is:
L, 0.3 m
d, 4.81 m Axpe .
ho 0.33 m AE = 1. me/MGV
Rs6 48 mm
R16 351 mm

SARI 11



System scheme

B The system comprises the following components:
» Two cavities (BAMs): Coupling out RF signal carrying the information of beam arrival time;
> RF front-end electronics (RFFE): RF signal conditioning including filtering, amplifying, and mixing, etc.;

» Signal processor electronics: signal acquisition and processing, BAT extraction

Ati; =t; —t; = (Prr2 — Prr1) /W@

*Bam#2
RFFE P : : External-mixing IF scheme:
Signal Processor .
N | ¥ | 1 1 | APrr = Grr2-10 — PrF1-1L0
{| BPF | | Adustable - = Prr2—Prr1
(I | ] e o |7 Self-mixing IF scheme:
o : speed * e -mIXIng sc eme-
signgl GUI A - i
r - sampling Protaas ¢RF _¢RF2 ¢RF1
S R '_ ing — ¢IF
: I Clock i | | Feduency ;| teeep RF scheme :
' E— i r ultiplier/Divi —
i i (SYN) i et , S : Aprr = ¢ — ¢
. BAM#1 - J Iming system | RF RF2 RF1
I
e-bunch —— RF signal — IF signal — |F digital signal === beam energy

Beam arrival/flight time measurement
SARI J 12



Typical

BAM Cavity

scheme

RF Front-end electronics

O OomBD

Shield wall

Cr

Reference!
signal |

Digital Processor

“j Om @ i IF

Clock
—

()
.
e

Timing system

Beam arrival time monitor

Cavity#l  Cavity#2 Ji

Parameters Cavity #1 | Cavity #2
Frequency/ GHz 4.685 4.72
Q; 4671 4716

R over Q/Ohm 107.2 107.9
Bandwidth /MHz 1.002 1.025

T /ns 318 318

e e e e oo oo oo oS

4........*.

Trigger

Digital Board

ARM Board

1

Para. Value
Sampling rate 119 MHz
Number of bits 16
Channels 4

o

Processing terminal

GUI

1V PR I T P P T T T PS03 ) e e e e oy

i

» Data acquire and
publish;

» Real-time display ;

» Monitor and control
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BFT measurement

prF @
BAMO1 CHV , BAMO2 7 BAMO3
Significant beam instability Insignificant beam insta%ility

BOfS oo ommrmimrm oo m e e > 61fs et R > 62fs

Variation of beam arrival times @ 100pC

0.3 ; . ! . ,
Mea. uncertainty of BAMOT = 30 s = BAMO] B Three upgraded BAMs system installed at SXFEL-UF’s
Mea. uncertainty of BAMO02 = 61 fs - BAMO02

(0.2 - Mea. uncertainty of BAMO03 = 62 fs ° BAMO3 - LINAC were tested.

B The measurement uncertainties of beam arrival time in
short-term (about 10 min):
30 fs @ BAMO1 (T1)
61 fs @ BAMO02 (T2)
62 fs @ BAMO03 (T3)
B The min. BFT rms. measurement uncertainty (T3-T2) = 10fs

: 200 400 600 800 10‘00
S) A R I Samples 14

Beam arrival time (ps)




BFT measurement uncertainty (fs)

N4
=

scheme

Short-distance measurement(~80mm)

4729 MHz (RF)

2Hz

~80 mm

4685 MHz (LO)

i 44 MHz (IF)

119 MHz

Clock@LO

shielding wall ;

— [ N N4
e = N~ -
T

[
=
T

A-

—_
'S
T

—
»~
=

Lo
-

,"A

e
¥

Minimum = 13 fs

,’a _signal length =336 ns

Beam flight time (ps)

0.5

1 1.5 2
signal length (ps)

25

3 35 4

5 10 15 20
Time (min)

» Best result of measurement uncertainty (RMS):

13 fs over 20 min;

» Beam jitter and temperature drift can be ignored in
this case,
describes the system resolution;

SARI

thus this measurement uncertainty

Long-distance measurement (~40m)

I
BAM#1 ﬁ 4685 MHz (RF)
0,

r

Ki om 35 MHz (IF)

BAM#2 g 4720 MHz (LO) : 119 MHz
n shielding wall ! Clock@LO
150 Total samples = 2400 1400 Total samples = 64613
std =38 fs 1200 Sd=531s
100 1000
12} [}
= < 800
] © 600 -
50
400
200 ¢
0 0
-0.2 -0.1 0 0.1 0.2 -0.3 -02 -0.1 0 0.1 02 03

Beam flight time @ 20 min (ps) Beam flight time @ 18 hr (ps)

> Best result of measurement uncertainty (RMS) in short-

term: 38 fs over 20 min;

> Best result of measurement uncertainty (RMS) in long-

term: 53 fs over 18 hours;

» Beam jitter, temperature- and humidity-drift, and vibration

contribute to this phase measurement uncertainty;

15



GUI for BFT-BEM

B A high-level graphic user interface (Ul) for BFT-BEM has been designed and lab tested:

Form - SXFEL

File View History Tools
Beam Energy Measurement

BEM Waveform#1 Energy Distribution Relative bunch charge

)
P

>
o -
T
c
w
£
E2
[
@

BEM Waveform#2

Monitoring

Time range

Samples

Beam'energy
Eng. Value

Auto Calibrgtion Eng. Mean
Eng. RMS

T 0 ! 0 | & [ calibration Factor [BTEEI) 200.00000

BAM#1 BAM#1 Beam energy variation Distribution
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System performance evaluation




Beam test for evaluation

» Abeam test is performed to verify the relation between the beam energy and beam flight time and evaluate
the system performance.

» Two BAMs (BAM0O1 and BAMO02) and a SBPM at LINAC are used.

» An analytical magnet and a profile behind BAMO02 were utilized.

» Each adjusting the accelerating phase, the data of two BAMs, one SBPM and profile are recorded for
multiple times.

» Atotal of 14 measurements are conducted.

Adjusting accelerating phase SBPM Switch on

BAMO1 \ BAMO2 | ANS

B T R8I
SA XA Q"Q

\

Read b
SARI €ead beam energy -

Q CHV Q



Measurement of beam energy

» The accelerating phase is gradually adjusted from -109° to -138°, the beam energy decreases

from 238.53 MeV to 229.28 MeV:;
» The energy spread increases 0.07% to 0.55%
» Beam energy jitter: 0.02% ~ 0.04%

E=238.53 MeV E=238.4 MeV E=237.62 MeV E=237.24 MeV E=236.99 MeV
100 100 100 100 oo
@ 200 T 200 T 200 ‘T 200 ‘T 200
S 300 Sam S 300 S0 2 300
> > > > >
400 400 400 400

400

500 500

500 500

500
100 200 300 400 500
X {pixel)

E=236.40 MeV

100 200 300 400 500
X {pixel)

E=236.11 MeV

100 200 300 400 500
X {pixel)

E=235.97 MeV

100 200 300 400 500
X (pixel)

E=235.67 MeV

100 200 300 400 500
X (pixel)

E=235.30 MeV

100
g 200
£ 300
>

400

500

100
g 200
£ 300
=

400

100
200
300
400
500

100
g 200
£ 300
>

400

500

100
_g 200
£ 300
>

400

y (pixel)

100 200 300 400 500 100 200 300 400 500 100 200 300 400 500 100 200 300 400 500 100 200 300 400 500

X (pixel) X (pixel) X (pixel) X (pixel) X (pixel)
E=234.46 MeV E=233.66 MeV E=232.57 MeV E=229.28 MeV
100 100 100 100
@ 200 @ 200 @ 200 § 200
% 300 % 300 % 300 % 300

400
500

400 400 400
100 200 300 400 500

X {pixel)

SAR

100 200 300 400 500
X {pixel)

100 200 300 400 500
X {pixel)

100 200 300 400 500
X (pixel)

Meas Acc. Energy Beam
No. PHASE/® ENSTEIE spread/% jitter
1 -109 238.53 0.07 0.03%
2 -113 238.40 i ~

3 -118 237.62 0.18 0.03%
4 -120 237.24 0.20 0.02%
5 -121 236.99 0.23 0.02%
6 -123 236.40 0.26 0.04%
7 -123.5 236.11 0.27 0.03%
8 -124 235.97 0.28 0.03%
9 -125 235.67 = ~
10 -126 235.30 ~ ~

11 -128 234.46 = ~
12 -130 233.66 0.40 0.03%
13 -132 232.57 0.44 0.03%
14 -138 229.28 0.55 0.03%
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Measurement of beam arrival time

B More than 16000 samples (over 2 hours) were obtained;
B The variation of two beam arrival times are totally different;

Variation of beam arrival time @ BAMO1

Beam arrival time@BAMO1 (ps)

0 2000 4000 6000 8000 10000 12000 14000 16000
Index

B Beam arrival time @BAMO1:
» A small variation
» peak-to-peak = 0.35 ps;

SARI

Variation of beam arrival time @ BAMO02

‘2 8 ‘ ‘

= No.14

=]

S 6 | L1

=

Q4- 0508 No12 gyl |
No.9 ..M o 12

-E ) No.7 _

el -y * =" No.11 i

= ¥ No.6 0.

= 08 ps No.4 No.5 1

0.
g 2No.1 1 | | | | | | |
20 2000 4000 6000 8000 10000 12000 14000 16000

Index

B Beam arrival time @BAMO2:
» Alarge variation;
» peak-to-peak = 6.5 ps;
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Relation between BFT and energy

» Alinear relation between the beam energy and beam flight time is also proved by the
beam test:

tBFT:_k*E-l_b'

k=0.692 + 0.018 ps/MeV, b = 165.1 + 4.1

Relation between beam energy and BFT

8 ! : ;
. ¢ beam flight time vs. energy
& N linear fitting
\_/6 - Seo 4
) e
§ . y=-k*x+b
~— '\~ —
=4l ~ k = 0.692 = 0.018 |
= . b=165.1+4.1
= \“’\\m\ R-square = 0.9984
E 2+ \’m i
=
S T
= h’m.m\
0 C 1 1 1 1 T\% -
228 230 232 234 236 238 240

SARI

energy (MeV)

Meas. No. AccC. PHASE/® BFT/ps Mea. Uncertainty/fs
1 -109 -0.001 71
2 -113 0.106 84
3 -118 0.491 73
4 -120 0.634 72
5 -121 0.846 72
6 -123 1.320 81
7 -123.5 1.498 75
8 -124 1.553 86
9 -125 1.772 68
10 -126 2.062 64
11 -128 2.630 70
12 -130 3.234 67
13 -132 3.893 80
14 -138 6.300 88
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Relation between beam position and energy

» A quadratic polynomial relation between the beam energy and beam position is obtained
via the beam test:

x=k+E*+b+E+c,
k=0.09+0.01 mm/MeVZ,b = —40.64 + 3.45mm/MeV,c = 4626 + 404mm

Bunch position vs. bunch energy

Variation of beam position @ Chicane BPM O
‘ [ [ [ [ [ ‘ ‘ ‘ ‘ K4
| | | | | | £ -27 O Bunch position vs. Bunch position |~ A ;”f’*
e | "'Polynomlalflttlng i i i ,:/
- s 02— | | B
g A 4 Fp’ ***** n
g 2 | | | ‘ |
| -i- -----4 _— | | 7z |
S : 6f’ } “} {‘ }H B S |
= ® - | | | |
g = ool ==,
g o | 23Q 23g 234 236 238 oy T D XD, Fxip,
2 ® 8+ IRRREE N l’;-E["J‘””p’L;’O’Og’fOl”’l ***** ]
4 g | | | | | : | ‘
2 2 | ‘ ‘ e  p,=-40.64+3.45
R _j0- ‘ ‘ ‘ ‘ ‘ ‘ 10 o /,,JJ' ,,,,,, i,,,,,,,i,,,,p3,=,4626;l;404 ,,,,,,, _
3 3 3 3 | | : = e - | | " R-square/=0. 999
PP R S s - < A (N N N
2000 4000 6000 8000 10000 12000 14000 229 230 231 232 233 234 235 236 237 238 239

S A RI Bunch Index Bunch energy (MeV)
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Counts

Analysis of BEM with BFT

Using above linear factor, the beam energy was measured with this system:

B For 1000 measurement (near 10min), the average energy measured by the profile is 236.78 MeV,
the average energies by BFT-BEM and BPM-BEM are 236.71 MeV and 236.89 MeV, respectively.

B The energy jitters measured by BFT-BEM and BPM-BEM are 5.49e-4 and 3.45e-4, respectively.

B The deviations compared to the PRF-BEM are 0.07 MeV and 0.11 MeV, respectively.

Beam energy based on BFT Beam energy measured with Chicane SBPM

120 I I I I I I \ \ N ‘ ‘ ‘ ‘ : ‘ I \ \
AVe"%'gle ==2(?§'37}w M\g;V | | T 100" 1, . e gy S S Average = 236.89 MeV.

100*”{!1}%},?}!@”’1:””?’1 777777 dA---------- RSN R P lH EEO‘ ¥ : 1 i ] ! KMS value = 0.08 MCV"

Jitter = 543¢-4 | i all % g g Titter = 3.456-4 :
o T Uiishaie il ~ N Shmpes 1000
| | | | T fg 60022 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —

60 7777777 i 7777777 i 7777777 i 777777 | | 00 zﬁo():f 7300 _ 400 . ‘plcs 7730737:«)3 900 100 §
40— i 7777777 i 7777777 377 407/} -
I N W 00 .
ST T T0365 2366 2367 2368 2369 237 2370 2372 2%6.6 236.7 236.8 236.9 237 237.1 237.2
Beam energy/MeV Bunch energy (MeV)



Analysis of BEM with BPM & BFT

» The beam energy measured by BFT has less deviation compared to the reference energy
than the beam energy measured by BPM,;

» However, the energy jitter obtained by BFT is larger than that measured by BPM,;

e
o

=& =Measured by Chicane BPM
}~~ iy | | | =®=Measured by Chicane BFT

pr

(e

~

/)

Y A

l—(—-l
——

)

Calculated bunch energy-BE . (MeV)
-
(\o}

0. i i i i i i i i i
%29 230 231 232 233 234 235 236 237 238 239

S H I hl E Bunch energy (MeV)
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Discussion

Why is the relation between BP and BE nonlinear ?

» The Chicane BPM is a rectangular four-electrode strip-line beam position monitor.

» As the beam offset increases, the relationship between the delta-over-sum and the beam
position exhibits nonlinearity.

» Thus, the beam position obtained using the conventional delta-over-sum algorithm is smaller
than the actual beam position;

» By applying the nonlinear algorithm, the beam position offset is found to be 13.9 mm for a
beam energy change of 9.25 MeV, the result is nearly consistent with the formula-based

calculation.

400 ; ; ; 0.5 ‘ ‘
I I | - y=0mm : : : — y:Omm

——y=1mm i i i —y=lmm
| ——y=2mm| |

”””””””””””””””””””””

—A— y=2mm

—+—y=3mm
ettt S | —%—y=4mm

e —¢=y=5mm

— e el — y=7mm

] — | | | —&-y=0mm i ! ! ‘

| : ‘ | | 20 0 5 10 15 20

ﬂ 0 s 10 15 1
A X position/mm X position/mm

SHIN .

Delta over sum




Comparison of the two methods

m The beam test results of the two methods have been summarized in the table below.
m  Overall, both have their own merits:

m For beam energies with small variations (e.g. <3 MeV), the BPM-BEM is more suitable due to its
higher precision. (Beam position should be calibrated or have a stabilized position before the
Chicane).

m For beam energies with larger variations, the BFT-BEM method is preferable because of its larger

linear region and better accuracy;

Wotnoss BEMBFT aEMaPN

Analytic @230MeV Linear 0.696 ps/MeV Linear 1.52 mm/MeV
Beam test@230MeV Linear 0.692 ps/MeV quadratic polynomial (0.09, -40.64)
->1.76mm
Range @AE = 9.25MeV Analytic 6.44 ps Analytic 14.06 mm
Beam test 6.34 ps Beam test 9.33 mm -> 13.9mm
Energy@237.78MeV 236.71 MeV 0.07 MeV 236.89 MeV 0.11 MeV
Energy jitter 0.13 MeV 5.49e-4 0.08MeV 3.45e-4

SHIMNE .



Conclusion
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Conclusion

¢ The bunch energy system, based on RF cavity-based bunch arrival time monitors, has been
developed at SXFEL-UF, and the beam test results have verified its capacity for beam energy
measurement..

> A linear relationship between the beam energy and the beam flight time, as the beam travels through a magnetic

chicane, is observed for energies ranging from 230 to 239 MeV.
> Formula:-0.696 ps/MeV beam test: -0.692 ps/MeV

> The system resolution should be better than 5.49e-4, linear range: over 9 MeV
o For beam energy with larger variations (e.g. >3MeV), the BFT-BEM method is preferable.
+ Next, we will continue to utilize valuable machine study time to learn the system’'s long-term

stability and the impact of parameters such as bunch profile, bunch length, and energy spread

on the measurements, and to further optimize the system.

29



Acknowledgement

Great appreciation to Prof. Leng for his valuable suggestions and
support.

Grateful to my loveable colleagues (Dr. Chen, Dr. Liu, Dr. Dong, Dr. Lai
etc.) for their help in the experiments.

Many thanks also to the engineers at SXFEL-UF for their assistance in

completing the tests.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /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 true
  /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 ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [540.000 960.000]
>> setpagedevice


