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Trapped flux surface resistance
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ܴ஻஼ௌ ⇒ temperature-dependent
part of the surface resistanceܴ଴ ⇒ intrinsic residual resistance௙௟ ௧ ⇒ trapped flux 
surface resistance:
• If pinned, vortices may survive in the

Meissner state introducing dissipation

• ௧—fluxߟ trapping efficiency

• ܵ—trapped flux sensitivity

• external—ܤ magnetic field

H. F. Hess et al.,
Phys. Rev. Lett. 
62, 214 (1989) 

Cooldown

ܴ௦ ܶ, ܤ = ܴ஻஼ௌ ܶ + ௙ܴ௟ ܤ + ܴ଴

ݕ Pinning points

௖ܶమ௖ܶభ ݔ






Flux Trapping Efficiency

— ௧—
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Thermodynamic force during cooldown

௖భ
݂ = ݔ߲߲݃− = −߲߲݃ܶ ݔ߲߲ܶ

We can define the thermodynamic
force acting on the vortex as:

The Gibbs free energy density defines 
the stability of vortices in the SC:
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௖భ௖ଶ Meissner State Mixed State

݂ (ݔ)݂݃
ݔ

ݕ

(ܪ)݃
(ܶ)௖భܪܪ

Meissner 
State

Mixed
State0

௖ܶభ
M. Martinello, M. Checchin et al., to be published



Critical thermal gradient

௣݂ = ×௖̅ܬ	 ݊Φഥ଴ = ܤ௖ܬ
The minimum thermal gradient needed to expel vortices is the
critical thermal gradient ߘ ௖ܶ :

The pinning force acting against the expulsion is defined in
terms of critical current density :௖ܬ
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௖ ௖ ௖ଶ௖భ௖ ௖ ௣ Meissner State Mixed State
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ݕ
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Pinning point

M. Martinello, M. Checchin et al., to be published



Statistical model for the expulsion ratio
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Cavity name ௖ܬ (ଶ݉݉/ܣ)	
CBMM 0.3

ACC002 1.6

The model predicts ௖ܬ in
agreement with literature1,2:

M. Martinello, M. Checchin et al., to be published
Data: S. Posen et al., J. Appl. Phys. 119, 213903 (2016)
1 G. Park et al., Phys. Rev. Lett. 68, 12 (1992)
2 L. H. Allen and J. H. Claassen, Phys. Rev. B 39, 4 (1989)

Let’s define a probability density function
for flux expulsion:
→ the probability of expelling vortices with the

thermal gradient ߘ ௖ܶ೔ is ܲ ߘ ௖ܶ೔ , hence the
expulsion ratio is:

Lower ܬ௖
ௌ஼ܤ ⁄ே஼ܤ = 1 + 0.74 · ܲ ߘ ௖ܶ೔For TESLA shape

ܲ ߘ ௖ܶ೔
SEE ALSO:
S. Posen, TUXBA02
A. Palczewski, TUXBA06



Vortex Viscosity, Pinning Force 
and Vortex Motion Equation

Mattia Checchin | SRF 2017, Lanzhou, China7



The resistivity in the flux-flow regime was defined by Kim et al. 1 as:

Viscosity against vortex motion
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௙௟௨௫ି௙௟௢௪ߩ = ߟܤ଴ߔ
ߟ ݈ = (݈)௡ߩ(ܶ)௖ଶܤ଴ߔ

• ௙௟௨௫ି௙௟௢௪ߩ describes the RF surface
resistance for large mean-free-path.

• The low man-free-path region is not
described:⇒ pinning plays a central role!

1 Y. B. Kim et al., Phys. Rev. 139, 1163 (1965)
2 J. Bardeen and M. J. Stephen, Phys. Rev. 140, 1197 (1965)

NO free 
parameters

Where ߟ is the material viscosity
against the vortex motion2:



Qualitative dependence of pinning on the mean-free-path

• The characteristic variation length
of Ψ is the coherence length ߦ

• 	ߦ depends on the mean-free-path
→The pinning potential depends on

the mean-free-path
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,ݔ)ܷ ݈) = − ܷ଴ߦ(݈)ଶߦ(݈)ଶ + ଶݔ

• Pinning force: “interference” between the spatial variations of the order
parameter Ψ due to vortex and pinning center (free energy minimization)

M. Checchin et al., Supercond. Sci. Technol. 30, 034003 (2017)



More realistic bi-dimensional pinning potential
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• A vortex is a mono-dimensional
object oscillating in the plane ݖݔ

• The pinning center is localized at
the depth ଴ݍ from the RF surface

• The pinning potential must be
2D:

M. Checchin et al., Supercond. Sci. Technol. 30, 034003 (2017)

ܷ௣ ,ݔ ݖ = − ܷ଴ߦଶߦଶ + ଶݔ + ݖ − ଴ݍ ଶ
															≈ − ܷ଴ߦଶߦଶ + ݖ − ଴ݍ ଶ + ܷ଴ߦଶߦଶ + ݖ − ଴ݍ ଶ ଶ ଶݔ

Parabolic approx. along ݔ
Pinning potential

Pinning center

ݔ(ݐ)݆

ݖ
ݕ଴ݍ
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Motion equation of a vortex

ܯ ݈ ሷݔ + ߟ ݈ ሶݔ + ݌ ,ݖ ݈ ݔ = ݆଴߶଴sin ߠ ݁௜ఠ௧ି௭ ఒ ௟⁄
• The pinning potential assumed is a 2D

Lorentzian function⇒ parabolic approximation along ݔ
• The pinning constant ݌ ,ݖ ݈ is depth-

dependent⇒ flexible vortex line

• Multiple pinning centers per flux line
can be considered

The solution is valid from ݖ = 0 to ݖ → ∞

M. Checchin et al., Supercond. Sci. Technol. 30, 034003 (2017)

Pinning Center

Pinning Center

The motion equation has form:
2D pinning 

force!ܤோி(ݐ)






Trapped Flux Sensitivity

— —
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The complex resistivity of the vortex line follows from the calculation of the
apparent power (active plus reactive power) :

The vortex surface impedance (using the classic definition of ܼ) is then:

ߩ ,ݖ ݈ = ଵߩ + ଶߩ݅ = ߶଴ଶsinଶ ଴ଶߦߨߠ ݌ − ଶ߱ܯ ଶ + ߱ߟ ଶ ߱ߟ + ݅ ݌ − ଶ߱ܯ

Number of 
vortices ܤ ⁄௩ܤ Vortex impedance weighted over normal 

distributions of pinning positions and strengths

Vortex surface impedance 
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M. Checchin et al., Supercond. Sci. Technol. 30, 034003 (2017)

ܼ ݈ = ଴߶ܤ଴ଶߦߨ න න ⋯௎బబ∨
௎బబ∧

௤బ∨
଴ න න ∏ Γ ௜ݍ Λ ܷ଴೔௡௜ୀ଴׬ ݁ି௭ ఒ⁄ߩ ,ݖ ݈௅଴ ݖ݀

௎బ೙∨
௎బ೙∧ ܷ݀଴బ݀ݍ଴ ⋯ܷ݀଴೙݀ݍ௡௤೙∨

଴
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The sensitivity can be tuned acting on several
parameters:

1. Mean free path—

2. Frequency—

3. Pinning center depth—

4. Pinning center strength—

Parameters affecting the sensitivity



1. Mean-free-path dependence
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Pinning
regime

Flux-flow
regime

• Small ݈	– pinning regime ߟ ≪ ଵߩ:݌ ݈, ܷ଴ ≈ ,݈)݌	(݈)ߟ ܷ଴)ଶߩଵ increases with ݈ and ߱ଶ, 
decreases with the increasing of ܷ଴

• Large ݈	– flux-flow regime ߟ ≫ ଵߩ:݌ ݈ ≈ ଵߩ(݈)ߟ1 decreases with ݈, independent on ߱ and ܷ଴
݈	 = 	500	݈݊݉	 = 	70	݈݊݉	 = 	5	݊݉

Pinning

M. Checchin et al., Supercond. Sci. Technol. 30, 034003 (2017)
Data: M. Martinello et al., App. Phys. Lett. 109, 062601 (2016)

SEE ALSO:
M. Martinello, TUYAA02






2. Frequency dependence
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• Small ݈	– pinning regime ߟ ≪ ଵߩ:݌ ߱ ≈ ߱ଶߩଵ increases with ߱ଶ
• Large ݈	– flux-flow regime ߟ ≫ ଵߩ:݌ = ଵߩݐ݊ܽݐݏ݊݋ܿ independent on ߱
• The higher ݂ the higher the

sensitivity peak

• Lower frequencies are favorable
to minimize the sensitivity

Increasing
frequency

M. Checchin et al., Supercond. Sci. Technol. 30, 034003 (2017)
Data: M. Martinello et al., App. Phys. Lett. 109, 062601 (2016)

Pinning
regime Flux-flow

regime



3. Pinning center depth dependence
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• The pinning site distance from
the surface ଴ݍ determines the
resistance

• For instance, if ݈	 = 	70	݊݉:
• ଴ݍ ≅ 15	݊݉ ⇒ sensitivity is

the lowest
• ଴ݍ > 400	݊݉ ⇒	 constant

sensitivity
• bulk pinning does not affect

the vortex oscillation!

M. Checchin et al., Supercond. Sci. Technol. 30, 034003 (2017)

Pinning

Pinning

⇒ ܵ is a near-surface property! ଴ݍ = ଴ݍ݉݊	80 = 5	݊݉

଴ݍ = 1000	݊݉






4. Pinning center strength dependence 

Mattia Checchin | SRF 2017, Lanzhou, China18

5.9 · 10ି଺	ܰ/݉

• The higher the pinning center
strength, the higher the pinning
force and the more constrained
the oscillation

• Dirtier or more defective
materials (e.g. sputtered Nb
thin films) have larger pinning
strength

1.4 nΩ/mG

0.2 nΩ/mG

7 times 
smaller!

S. Aull et al., in Proc. SRF 2015

Porosities and 
defects in a 
Nb thin film
enhance the 
pinning force

Pinning

2.5 · 10ିହ	ܰ/݉

M. Checchin et al., Supercond. Sci. Technol. 30, 034003 (2017)

SEE ALSO:
S. Aull, WEXA06






Conclusions
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• Trapping Efficiency—ߟ௧ ,ܶߘ ௖ܬ —bulk property:
• Defined by the balance of pinning and Gibbs free energy gradient at

the interface between Meissner and mixed state
• Well described by a statistical argumentation

• Trapped Flux Sensitivity—ܵ ݈,߱, ,଴ݍ ܷ଴ —near-surface property:
a. Two regimes of dissipation:

• Small ݈	: pinning regime, vortices constrained by pinning
—ܵ increases if ݈ ↑, ߱ ↑ and ܷ଴ ↓

• Large ݈	: flux-flow regime , vortex motion counteracted by viscosity
—ܵ decreases if ݈ ↑, but independent on ߱ and ܷ଴

b. Pinning depth dependence:
• Pinning site distance from the surface ଴ݍ determines the resistance
• Bulk pinning does not affect the sensitivity

c. Pinning strength dependence:
• The larger ܷ଴, the smaller the sensitivity
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Thank you for your attention



<<
  /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


