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Collaboration for LCLS-II Plasma Processing

• Successful experience with plasma processing
• Guidance for design and sample studies for 

LCLS-II plasma cleaning 

• Simulation for applicability of ORNL plasma 
processing to LCLS-II cavities

• Use the system to perform cleaning in the 
accelerator tunnel

Project supported by DOE - Basic Energy Sciences (BES)

• Adapt the ORNL plasma cleaning technique to 
LCLS-II cavities and cryomodules

• Provide a system capable of efficiently process 
LCLS-II cavities/cryomodules
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In-situ plasma processing

HOM coupler

HOM coupler

FPC coupler
Procedure can be 
applied at room 
temperature in-situ 
in the cryomodules
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• Reducing FE by increasing work function of cavity RF 
surface
– Hydrocarbons and adsorbates lower work function of Nb

• Enabling operation at higher accelerating gradient
Increasing Φ by 10 % means 
increasing Eacc of about 15 %

𝑂ଶ ൅ 𝐶௫𝐻௬ → 𝐶𝑂 ൅ 𝐶𝑂ଶ ൅ 𝐻ଶ𝑂
𝑗 ൌ 𝛽 𝐴𝐸ଶΦ 𝑒ି஻஍య/మఉா𝑑𝑗 ൌ 0 𝑑𝐸௔௖௖𝐸௔௖௖ ൎ 32 𝑑ΦΦ𝐽: current density

E: surface electric fieldΦ: work function𝛽: enhancement factor (≈10 to 100)
A,B: constants

Plasma Processing Methodology

M. Doleans et al. NIMA 812 (2016) 50-59
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Plasma ignition in SRF cavities
Glow discharge is ignited one cell per time necessary to:
• maximize E field in one cell 
• select cell of ignition

SNS method: Dual Tone excitation to ignite the plasma
– Superposition of two frequencies of the fundamental pass-

band to create an asymmetry and maximize the electric field in 
one cell to select it as cell of ignition

M. Doleans, J. Appl. Phys. 120, 243301 (2016)

FNAL method: Dual Tone excitation to transfer the plasma
– Ignition in central cell + superposition of higher order modes to 

move the plasma inside the cavity
P. Berrutti, accepted for publication at J. Appl. Phys. 126 (2019)
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Due to geometry: intense field enhancement at the fundamental 
power coupler

Due to low coupling factor at room 
temperature less than 1% of the 
power is transmitted to the cavity
(𝑄ே௕ ൌ 1 ∙ 10ସ, 𝑄௘௫௧ ൌ 3 ∙ 10଻).

9-cell plasma ignition
Total Pf [W] 350

Ecoupler [kV/m] 90
Ecavity [kV/m] 12

Field enhancement 
at the coupler ≈ 7.5 
(for SNS ≈ 3)

P. Berrutti | TTC Meeting 2018 at RIKEN Nishina Center

Field enhancement at LCLS-II FPC

HOM coupler

HOM coupler

FPC coupler

This could result in: - no plasma ignition
- plasma ignition in the coupler
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– New method to control plasma ignition
– RF measurements at different pressures with Neon and 

Argon
• Plasma cleaning test on 9 cell LCLS-II cavity with artificial 
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New idea: ignite the plasma using HOMs!

HOMs (higher order modes): 
good coupling at room 
temperature
Plasma can be ignited using
only few Watts!

For the first two HOM pass-bands:
• Coupling factor: 0.01<β<1.17
• Reflection coefficient 0.006<|Γ|2 <0.94

1st dipole
pass-band

2nd dipole
pass-band

Plasma ignition in LCLS-II cavities using HOMs

• Plasma is ignited cell by cell, not in the entire cavity
• Dual tone excitation to transfer the plasma: using a superposition 

of HOMs it is possible to transfer the plasma through adjacent 
cells
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1. Cell #5 is ignited with mode 2D-1

2. Mode1D-3 is added to create 
asymmetry between cell #4 and 
cell #6

3. E field is still maximum in cell 5: 
Mode 2D-1 can now be switched 
off and the plasma remains 
ignited in cell #5

4. Add mode 1D-6 to 1D-3: E field 
is now maximum in cell #6, the 
plasma moves from 5 to 6

5. Switch off mode 1D-3, plasma 
remains ignited in cell #6. 

Mode 2D-1

Mode 1D-3

Mode 1D-6

P. Berrutti,  B. Giaccone et al.,  accepted for publication at Journal of Applied Physics –126, July 14 2019

Example of plasma transfer from cell #5 to #6
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Method to locate the cell where plasma is ignited without use of 
cameras: 
1. The frequency shift 𝛿𝜔 of the first dipole pass-band due to 

plasma ignition is measured

2. Measured 𝛿𝜔 is compared with 𝛿𝜔 calculated simulating the 
glow discharge in each cell of the cavity

𝛿𝜔𝜔 ൎ 12 ∭ 𝜂𝐸ଶ𝑑𝑉௣௟௔௦௠௔∭ 𝐸ଶ𝑑𝑉௖௔௩௜௧௬ , 𝜂 ൌ 𝜔௣௟௔௦௠௔ଶ𝜔ோிଶ  
𝛿𝜔 depends on:
• Change in dielectric constant due to plasma (𝜖 ∝ 𝜂ሻ
• Intensity of the electric field of the mode in the cell of 

ignition

Cell of ignition: detected with frequency shift measurements
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Cell of ignition: detected with frequency shift measurements

Cell#2

Developed a Labview program that measures 𝛿𝜔
and compares it to simulated 𝛿𝜔 and identifies 
cell of ignition
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Plasma cleaning apparatus

• Cleaning is performed at room temperature with 75-200 mTorr of Ne-O2
• Cavities are assembled with valves on both end sides, for injection and 

evacuation of the gas
• Neon and Oxygen are sent to the cavity mixed (few % of O2)
• RGA is used to analyze by-products
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RF measurements: cavity backfilled with Neon or Argon
Example of Neon plasma ignition in each one of the 9 cells
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Neon and Argon ignition curves
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Ignition in the HOM

• Plasma ignition as a function of pressure monitored for both Neon and 
Argon

• Verified that the risk of igniting the plasma at the HOM coupler is negligible
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Curve of plasma ignition using Neon Curve of plasma ignition using Argon

HOM ignition level is > 6 
times cavity ignition
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Plasma processing studies in artificially contaminated cavity

EDS analysis of black Sharpie ink

EDS (Energy Dispersive 
X-Ray Spectroscopy) 
spectra shows that the 
ink is made by C 
compounds
(i.e. hydrocarbons)

• 1st test goal: remove hydrocarbon contamination with plasma cleaning

• We draw 8 “dots” with both red and black permanent markers around the 
iris of the first cell of a 9-cell LCLS-II cavity

FPCHOM

PU HOM

Field emitter
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Contaminated cell (#1) has been processed for ≈ 19 hours total
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Initial state

After 5h of plasma 
cleaning

After 19h of 
plasma cleaning
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N-doped single cell: RF results before and after plasma 
processing

Scope: study effect of plasma processing on Q-factors on N-doped 
cavities
• N-doped cavity processed for 16h with Ne-O2 plasma.

Admin limit
Quench at 33MV/m

HOM couplers
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N-doped single cell: RF results before and after plasma 
processing

Scope: study effect of plasma processing on Q-factors on N-doped 
cavities
• N-doped cavity processed for 16h with Ne-O2 plasma.

Admin limit
Quench at 33MV/m

HOM couplers
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Studies of plasma processing in Contaminated cavities

Plasma processing applied in some field emitting/contaminated 
cavities:

• Vacuum failure: simulation of a vacuum failure in clean-room 
to introduce some field emitters

• Carbon contamination: introduction of some carbon 
contamination on the iris of the cavity

• Naturally FE cavities: plasma processing applied on a 
naturally field emitting cavities, as received from the vendor
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Scope: study the removal of natural contamination
• 9-cell cavity: each cell processed for <2h with Ne-O2

plasma.

Simulated vacuum failure: RF results before and after 
plasma processing
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Scope: study the removal of natural contamination
• 9-cell cavity: each cell processed for <2h with Ne-O2

plasma.

Simulated vacuum failure: RF results before and after 
plasma processing
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Controlled introduction of carbon contamination

• Small drop of Aquadag (carbon-based conductive paint)
introduced using a clean Nb wire at the iris of a single-cell
cavity

Pure Aquadag 10ସ times diluted Aquadag10ଶ times diluted Aquadag

Chosen concentration
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Carbon contamination: RF results before and after plasma 
processing
Scope: study the removal of Carbon contamination
• Single cell cavity processed for 17h with Ne-O2 plasma.
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HOM couplers
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Carbon contamination: RF results before and after plasma 
processing
Scope: study the removal of Carbon contamination
• Single cell cavity processed for 17h with Ne-O2 plasma.
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15 MV/m gained after plasma processing!

HOM couplers
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Studies of plasma processing in Contaminated cavities

Plasma processing applied in some field emitting/contaminated 
cavities:

• Vacuum failure: simulation of a vacuum failure in clean-room 
to introduce some field emitters

• Carbon contamination: introduction of some carbon 
contamination on the iris of the cavity

• Naturally FE cavities: plasma processing applied on a 
naturally field emitting cavities, as received from the 
vendor
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Naturally Field Emitting cavity: RF results before and after 
plasma processing (2)
Scope: study the effect of Plasma processing on natural field 
emission
• 9-cell cell cavity, each cell processed for <2h with Ne-O2

plasma.
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Naturally Field Emitting cavity: RF results before and after 
plasma processing (2)
Scope: study the effect of Plasma processing on natural field 
emission
• 9-cell cell cavity, each cell processed for <2h with Ne-O2

plasma.
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Naturally Field Emitting cavity: RF results before and after 
plasma processing (1)
Scope: study the effect of Plasma processing on natural field 
emission
• 9-cell cell cavity, each cell processed for <2h with Ne-O2

plasma.

0 2 4 6 8 10 12 14 16 18 20
5E9

7E9

2E10

5E10

7E10

1E10

1E11
Q0 - Contaminated
Q0 - After Plasma

Q
0

Eacc [MV/m]

0.01

0.1

1

10

100
Rad Top - Contaminated
Rad Bot - Contaminated
Rad Top - After Plasma
Rad Bot - After Plasma

R
ad

ia
tio

n 
[m

R
/h

r]



0 2 4 6 8 10 12 14 16 18 20
5E9

7E9

2E10

5E10

7E10

1E10

1E11
Q0 - Contaminated

Q
0

Eacc [MV/m]

0.01

0.1

1

10

100
Rad Top - Contaminated
Rad Bot - Contaminated

R
ad

ia
tio

n 
[m

R
/h

r]

7/8/2019 B. Giaccone | SRF 201932

Naturally Field Emitting cavity: RF results before and after 
plasma processing (1)
Scope: study the effect of Plasma processing on natural field 
emission
• 9-cell cell cavity, each cell processed for <2h with Ne-O2

plasma.
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Examples of Residual Gas Analyzer spectrum
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 12 - C
 16 - O
 18 - H2O
 20 - Ne
 28 - CO
 32 - O2

 44 - CO2

• RGA spectrum measured during first day of plasma processing 
on 9-cell cavity

• Peaks in C, CO, CO2
indicate when the 
glow discharge is 
transferred to a new 
cell

• Carbon-related 
peaks decrease to 
background level in 
≈30min

Plasma ignition in cell #5

Cell #9 Cell #4 Cell #1Cell #3

Cell #2
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• Introduction
• Plasma ignition in LCLS-II cavities

– New method to control plasma ignition
– RF measurements at different pressures with Neon and 

Argon
• Plasma cleaning test on 9 cell LCLS-II cavity with artificial 

contamination
• First RF results of plasma processing applied single cell and 

9-cell cavities
• Effect of plasma on N-doping
• Effect of plasma on contaminated cavities

• Conclusions
– Future work
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Conclusions
• HOMs method allows to substantially reduce PFWD and 

enables the procedure on LCLS-II cavities
– Developed procedure to locate plasma in the cavity for in-situ 

application
• Studied different pressures and gases

• Identified optimal pressure range for adequate plasma 
control

• Viewport cavity: very successful able to remove 
hydrocarbon contamination using Ne-O2 at 75-80mTorr.

• Developed a first recipe in terms of pressure, O2 percentage, 
plasma density and duration. Systematic studies will follow.

• Contaminated cavities treated with plasma processing and 
RF tested before/after: 3 out of 4 showed increase in 
performance!
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Future work

• Systematic study to optimize processing parameters:
– Pressure
– Duration
– O2 concentration
– Plasma density

• Plasma process and cold-test 9-cell LCLS-II cavities to 
acquire statistics on effectiveness in terms of field emission 
reduction
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Thank you!



<<
  /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


