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Nature Photonics 9, 281 (2015)

� With the development of accelerator technology, more than 60 accelerator facilities are in 

operation or under construction worldwide 

� For accelerator facilities, especially for user facilities, precise measurement and feedback 

of bunch charge is very important for its stable operation

Introduction

SSRF BI Group2020/09/07
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� Methods of measuring bunch charge 

Methods Faraday cup DCCT ICT BPM

Characteristics Intercepting

low current 

Absolute measure

Non-intercepting

DC current

Absolute measure

Non-intercepting

Ultrafast short pulse

Absolute measure

Non-intercepting

High resolution

Relative measure

Measured 
parameters

Pulse current

Long / short pulse 

waveform

Beam lifetime

DC current

Impulse charge Pulse current / 

Bunch by bunch 

current / 

DC current

Time response
ns ~ us DC ~ ms ps ~ ns

Performance ~ μA ~ 1% (~ pC) ~ 0.1%

Applications LINAC / transfer line Storage ring / 

Booster

LINAC / 

transfer line

Storage ring / 

LINAC/transfer line
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Typical application
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Lab or 
Machine

method Parameters Application Performance Reference

ALS Sum of BPM ADC FPGA phase shift Beam charge (storage ring)

Beam loss
0.2 pC [1]

BEPC-II Sum of BPM Board band RF front-end peak-

value sampling

Bunch-by-bunch charge (storing 

ring)
10 uA / bucket [2]

Toroid Commercial AMC(SIS8300-L2D)

MTCA.4

Machine protection

Interlocks

Dark current monitor (FLASH)

< 0.2pC rms [3] [4] 

SWISS - FEL Turbo-ICT BCM-RF NI-USB-9162 Low bunch charge (FEL) 55 fC @ 5pC

(~1.1 %)

[5]

SWISS - FEL Resonant 

SBPM
Freq.: 500 MHz / Qload: 

6.2@monopole

5 GSPS direct Sampling

Low bunch charge < 30 fC @ 2 pC

(~1.5 %)

[6] 

CBPM 3.3GHz / Q = 70

16-bit 161 MSPS IQ

Bunch charge

Machine protection
85 fC rms @ 210 pC

~ 0.04 %

[7] [4]

SWISS - FEL CBPM

16-bit 161 MSPS ~134M IF

Low bunch charge (FEL) 2 fC @ 5 pC 

~ 0.04 %

5 fC @ 7 pC

~ 0.07 %

[8] 

16-bit 161 MSPS IQ

CLC CBPM 15 GHz / Q = 120

10-bit 2 GSPS ~200M IF

Bunch charge 0 .011 nC @ 3.4 nC

~ 0.32 %

[9]

FLASH CBPM 3.3GHz / Q = 70

MBU by PSI IQ

Bunch charge < 0.2 pC @ 100 pC

~ 0.2 %

[3]
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Research Motivation & Object 
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� Precise measurement of bunch 

charge and feedback

� High-precision beam loss monitor 

(~0.01%) for machine safety 

interlock

� Precise measurement of Bunch-by-bunch charge

� Online bunch-by-bunch beam life time

measurement

� High-efficiency bunch injection for top-up 

operation, which is the basis for providing high-

quality SR light

SSRF SXFEL & SHINE

2020/09/07

SXFEL-TF & UT 
0.84GeV & 1.6GeV

SHINE
8GeV, 3.1Km, 1MHz RP

Shanghai Synchrotron Radiation Facility Shanghai Soft X-ray FTL Test/User facility
Shanghai High repetition rate XFEL and 

Extreme light facility
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Theory & Simulation
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Charge

Bunch length

TM01

TM11

TM02

f / GHz

U
 / 

V TM010

TM110

TM020

From D. Lipka,

DESY, Hamburg

Principle of measurement

• Button BPM • Cavity BPM

Charge Cavity length

• Stripline BPM

Charge

Bunch length
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Simulation of Dependency

Bunch length = 10 ps

• Sum signal has a hyperbolic parabolic 

relationship with bunch position

• Based on the simulation results, the bunch 

position offsets needs < (1mm,1mm) if  want 

to achieve 0.01% bunch charge measurement 

resolution

SSRF BI Group2020/09/07

� Transverse Position Dependency
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u Bunch length = 3 ps

• In the case of position offset within 6mm, 

TM010 mode signal has no obvious 

position dependence 

( The error is limited by the accuracy of the    

meshing of the simulation tool )

SBPM 

TM010 mode

• All parameters used for simulation comes from SSRF and SXFEL

CBPM 
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• For SBPM, when the operating frequency < 10 GHz, the transverse distribution

dependence is less than 0.01%, so the influence on the measurement of the bunch

charge can be ignored

• For Cavity BPM, no big difference in position dependence within 6mm;

Theoretically, there will be no obvious dependence on transverse distribution

SSRF BI Group2020/09/07

Bunch length = 60ps

� Transverse Distribution Dependency

Simulation of Dependency
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• Base on the results, the output signal

changes about 4% when the bunch length

changes 0.5ps around 2ps was estimated

2020/09/07 SSRF BI Group
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Bunch length Vs. Nor. amplitude

� Bunche length Dependency

Simulation of Dependency
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Theoretical Formula

CST Simulate results

2 2
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• The simulation results are in good

agreement with the theoretical formula

• Considering the working bunch length is

2ps, the bunch length jitter need < 7% if

want to achieve 0.01% measurement

resolution
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Theoretical Limit

• Ideal DAQ and processing system, the probe information can be obtained completely --

- limited by thermal noise of the system 

• Thermal noise 0.92uV/sqrt(MHz)@50Ω·300K�� � 	����

2020/09/07 SSRF BI Group
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� For Cavity BPM - TM010 mode:

Parameters of SXFEL

Sensitive: 5.4V/nC

• 100MHz bandwidth system theoretical 

limit ~ 1.7 fC

� For Stripline BPM :

Sensitive: ~12V / 0.1nC

• Ideal ADC 100GHz BW enough input range

theoretical limit ~ 2.4 fC

• For 500 10MHz BW, theoretical limit : ~ 4 fC

���� �
��

	

��


��

��� � �


�

��
�

�

��� � �
�

�
�

Parameters of SXFEL
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Signal conditioning & Data processing

SSRF BI Group2020/09/07
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Signal conditioning & Data processing

2020/09/07

0.0 0.5 1.0 1.5 2.0
-10

-5

0

5

10

15

20
 IDBPM pickup signal

1nC, 4.2mm Guassion centeral beam 

 

Am
pl

itu
de

 (V
)

Time (ns)

0 5G 10G 15G 20G 25G
0.0

5.0n

10.0n

15.0n

20.0n

 

 

150 bunch / turn
beam current     1mA
bunch length      4.2mm
beam position    center 

BP
M

 p
ick

up
 si

gn
al

 p
ow

er
 (w

at
t)

Frequency (Hz)

Button BPM SBPM

Narrow - band Broad - band

Signal conditioning / Sampling method

Signal filter broadening Peak Sampling

+  ADC
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� Signal conditioning methods @ SBPM & Button BPM

SSRF BI Group
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� Choice of Narrow-band filtering & Wide-band sampling

0 200 400 600
40

50

60

Bunch charge / pC

S
N

R
 /

 d
B

 

 

Bandwidth: 500 ± 10MHz

Bandwidth: 500 ± 100MHz

• With a bigger bunch charge, the narrow-band filtering method can obtain larger 

processing gain and better SNR

• With a smaller bunch charge, the wide-band sampling method can output more 

energy and can improve the single-point SNR

2020/09/07

Signal conditioning & Data processing

SSRF BI Group

Simulate by SXFEL parameters
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� Internal / External Clock & Trigger @  SXFEL

Internal Clock & Trig External Clock & Trig

� when the ADC sampling rate is much larger than the system bandwidth (at least 4 

times), there has no big difference in the improvement of resolution by external clock 

and trigger

Signal conditioning & Data processing

SSRF BI Group
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Gussian fitting

Total samples = 990 / 1000
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� SBPM / Button BPM --- “ Two-phase sampling based peak seeking method ”

• Target Minimize the impact of sampling 

phase jitter

1 1

2

( )
peak

y yf
y y

�

BPM sum signal

Normalized response Function

IBIC’19 MOCO01

Signal conditioning & Data processing

SSRF BI Group



192020/09/07

STD = 49 STD = 11

• “ Two-phase sampling based peak seeking 

method ” basically minimized the 

influence of sampling phase jitter

• Resolution of beam charge measurement 

better than 0.02% 

1W+ sets of data average

0.076pC / 548pC ≈ 1.4E-4  

Resolution  <  0.02%

Signal conditioning & Data processing

SSRF BI Group
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ADC with High bandwidth

sampling rate
Analog IQ demodulation Down Conversion to low IF

• High Q Cavity can get more processing gain (longer decay time), the algorithm is also more diversified

• Optimize the data processing window can improve the system resolution effectively
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� Signal conditioning methods @ Cavity BPM
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Data length = 39 points

• By selecting an appropriate data processing window, the relative resolution can be 

improved from 0.044% to 0.021%

� Performance after select data processing window @ SXFEL

Signal conditioning & Data processing

SSRF BI Group
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� Comparison of different DAQ system @ SXFEL

Digital BPM
(Homemade by SSRF)

Libera Digit 500 NI - 5772

Parameters 119 MSPS 16 bit 476 MSPS 14 bit 476 MSPS 12 bit

Data Length 327 ns 378 ns 319 ns

Relative Resolution 0.044%  → 0.021 % 0.065%  → 0.036 % 0.083% → 0.047 %
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• Different parameters DAQ system, By selecting the appropriate data processing window, 

the performance is nearly doubled

Signal conditioning & Data processing

SSRF BI Group
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Beam Experiment

SSRF BI Group2020/09/07

� SSRF

• Position dependence evaluation 

• Performance evaluation (BYB charge monitor)

� SXFEL

• Bunch length dependence evaluation @ SBPM

• Position dependence evaluation @ CBPM
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Position dependence -- SBPM
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• A wire passes through BPM to simulate 

beam offset to verify the dependence of 
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• Qualitatively verified that the relationship 

is hyperboloid
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• The data of the beam position during the injection transient was used to evaluate the 

position dependence, the results shows that the slope is about 0.0005 / mm

• Closed-orbit measurement, position jitter controlled within micro-meter level, the 

contribution of position dependence is about 1E-6

• Turn-by-Turn measurement, the contribution of position dependence is about 1E-5 

(10 σ ~20 um)

Injection transient

2020/09/07 SSRF BI Group

Position dependence -- Button BPM
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Performance (BYB charge monitor)

Data 
rate

Relative 
Error σ

10 σ 600pC

TBT 8E-4 8E-3 5pC

69kHz 3E-4 3E-3 2pC

7kHz 1.5E-4 1.5E-3 1pC

700Hz 5E-5 5E-4 0.3pC

• Evaluate the BPM pickup to measure the charge 

of BYB, the resolution can reach 8E-4 (694KHz 

data rate)

• For the charge measurement of the storage ring, 

the position dependence is negligible

• Assume the beam with lifetime ~ 10h, bunch 

decay ~ 3E-5/s. The system can achieve BYB 

lifetime measurement within tens of seconds

~ 1 minutes

2020/09/07 SSRF BI Group
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Beam Experiment

SSRF BI Group2020/09/07

� SSRF

• Position dependence evaluation 

• Performance evaluation (BYB charge monitor)

� SXFEL

• Bunch length dependence evaluation @ SBPM

• Position dependence evaluation @ CBPM
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Injector beam parameters
Bunch charge (nC) 0.5

Beam energy (MeV) 129.4

Pulse length (ps, FWHM) 10

Norm. emittance (mm.mrad, rms) 0.95

Rep-rate (Hz) 1-10

Bunch charge (nC) 0.5

Beam energy (GeV) 0.8

Bunch length (ps, FWHM) 1.5

Norm. emittance (mm.mrad) < 2.0

Peak current (A) ≥ 500

Main linac beam parameters

10 ps 1.5 ~ 2 ps 

SBPM2 SBPM3 SBPM5 SBPM6

2020/09/07

� Bunch length can be adjusted from 1.5ps to 2ps in 

BC section

� Bunch length changed from 1.5 to 2ps, the sum 

signal changed 4.2%, consistent with the simulation 

results

� Bunch length jitter need to be controlled with 0.1% 

if want to achieve 0.01% resolution 
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Bunch length dependence -- SBPM
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Hold position 

for reference 

Move the cavity using 

the moveable platform

� The range of the movable platform is limited to 4.2mm

� Within 4.2mm, the position dependence of the TM010 cavity can be ignored, 

which is consistent with the simulation results
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Position dependence -- CBPM
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Discussion & Summary
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Discussion 1 -- Update the current system

2020/09/07

Cavity BPM pickup RF Front-end DAQ system

Parameters Frequency: 4.7 GHz

Loaded Q: 2350

One channel to IF ~ 

30MHz

4 channels, 119MSPS, 16 bit

Bandwidth(ADC): 650 MHz 

Performance Thermal noise: -110dB 

(2MHz BW)
NF ~ 15 ADC noise level: 2.35 std

( ENOB = 12.5 )

• Current CBPM system in SXFEL can achieve the resolution of 2.1%

• Performance limited by the RF front-end, if  NF < 9, the resolution of 0.01% can be 

achieved for current system

• New RF front-end for SHINE optimized to 8.5, can achieve < 0.01% in theory 

(waiting for beam experiment)

SSRF BI Group

BPM for high precision beam loss monitor -- 0.01% resolution for key area (SHINE)
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Discussion 2 – New Propose

BPM for high precision beam loss monitor -- 0.01% resolution for key area (SHINE)

Shift to align

~500MHz ~500MHz

BAL-0010: subtraction

Thinking: PCA implemented in FPGA?

ADC

Weak signal amplified and quantified

. . . .

Set a buff to keep ~100 bunches of BPM data 

for PCA processing

Resonant SBPM

Filter Filter
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Simulate 0.01% beam loss, PCA for noise reduction
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Summary 1

2020/09/07

� BPM pickup can be used for precise bunch charge measurement

� The beam experiment results are basically in agreement with the theoretical simulation

results; And Cavity pickup has less dependence on transverse position, transverse

distribution and bunch length, more suitable for precise bunch charge measurement

� For Cavity pickup, the system resolution can be improved by optimizing the data

processing window; In the SXFEL, the relative bunch charge resolution of the system

can reach 0.021%

� The relative resolution of the SXFEL CBPM system is limited by the RF front-end, and

when the NF < 9 is optimized, the measurement resolution requirement of 0.01% can

be achieved

� Propose a new method based on differential resonant SBPM, which also is expected to

meet the requirement of 0.01%

SSRF BI Group
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Summary 2

2020/09/07

� In the storage ring of SSRF, the BPM pickup is used to measure the charge of BYB,

the resolution can reach 8E-4 (694KHz data rate)

� Analyzed the position dependence of BPM in SSRF, combined with position stability

of closed orbit and TBT, the error introduced by the position dependence can be

ignored

� Therefore, it is very promising for BPM to achieve high-speed and precise BYB

charge measurement in storage ring. It also can be used as a tool for beam loss and

online bunch-by-bunch beam life time measurement

SSRF BI Group



Thanks for your attention

Contact:  chenjian@zjlab.org.ac.cn



<<
  /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


