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 Introduction
 Principal characteristics of permanent magnets (PM)

 Magnetic performance
 Material temperature stability
 Radiation damage

 Recent PM development in accelerators
 High gradient PM Quadrupoles
 Longitudinal Gradient PM Dipoles for low emittance storage rings (DLSR)

 Conclusion and perspectives
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Permanent magnets are widely used in our daily life

Permanent magnets are used in accelerators mainly 
for insertion devices and for some dedicated devices

Cars Medicine

Automotive industry renewable energy industry Health industryConsumer electronic industry

PM Family Discovered

Alnico 30’s

Ferrites 50’s

SmCo 60’s

NdFeB 80’s

ESRF SOLEIL
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 Sm2Co17 and Nd2Fe14B used for Accelerator devices 
 High remnant magnetization for Nd2Fe14B
 High resistance to radiation damage for Sm2Co17

Type Br (T) Hcj (kA/m)

Sm2Co17 1.05 – 1.15 1500 – 2100

Nd2Fe14B 1.06 – 1.45 900 - 3000

intrinsic corecivity µ0Hcj

Remanent magnetization
µ0Mr=Br

ReversibleIrreversible

High field

High stability
µ 0

M
 [T

]

µ0H [T]

Br

Hcj

Magnetic performance
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 Higher performance (Br and Hcj) at cryogenic temperature
 Nd2Fe14B and Pr2Fe14B used at cryogenic temperature 
 Nd2Fe14B performance (Br)  limited by the Spin Reorientation Transition around 135 K
 Pr2Fe14B performance (Br) not limited by the SRT and can be cooled to 77 K

Type Br (%/C) Hcj (%/C)
Sm2Co17 - 0.03 - 0.2

Nd2Fe14B - 0.1 - 0.6

Pr2Fe14B - 0.1 - 0.6

Magnetic performance at low temperature

1.5

1.0

0.5

0.0

µ0
M

 [T
]

-7 -6 -5 -4 -3 -2 -1 0 1
µ0H [T]

 80 K
 300 K

Br : 1.41 T 300K, 1.62 T @ 80 K
µ0Hc: 2 T @ 300 K, 7 T @ 80 K

Samples provided by Konit (China)
T. Hara et al., PRSTAB, 7, 050702 (2004) 

Cryogenic Permanent 
Magnet Undulator (CPMU)
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Material temperature stability

 PM performance are temperature dependent

 PM devices with fixed field should be compensated

 Use of passive correction with Fe-Ni allow

 dB/B < 10-5/C after compensation

Material dB/dT
Sm2Co17 − 3.3 10-4

Nd2Fe14B − 10-3

Pole

Yoke
PM block

Special Fe-Ni shunt
(low Curie temperature)

Material Curie T B  at 20 C

55/100 G 55 0.22

THERMOFLUX (VACUUMSCHMELZE)

Φgap = ΦPM - Φshunt

G.W. Foster et al., EPAC98, Stockholm, Sweden, 1998
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Radiation damage

T. Bizen, NIMA, 467-468, p. 185-189, (2001) 
T. Bizen, ERL 2011, Tsukuba, Japan, p. 121-126, (2011) 

Nd2Fe14B (NEOMAX BH50)

 Radiation exposure leads to demagnetization of permanent magnet
 Sm2Co17 has a higher resistance to radiation damage (high coercivity Hcj)
 Demagnetization depends on magnet shape and working point in the magnet

 Effect similar to that of a thermal partial demagnetization

 Undulator damaged by radiation in several facilities 
(ESRF, APS, PETRA III)

 The radiation damage risk has increased with the 
development of small gap devices (in-vacuum IDs)

 CPMUs Have better resistance to radiation damage 
risks (very high coercivity Hcj)
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High gradient quadrupoles are of great interest for

 Colliders

 Free Electron Lasers

 Low emittance storage rings

Permanent magnets are a good candidate for this type of device

Small surfaces with high magnetisation
No power consumption and no water cooling
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Fixed gradient PM quadrupoles

 Ultra high gradient

 Very compact devices

 Homogeneity very sensitive to PM quality

 Remnant magnetization variation
 Magnetization angle variation
 Mechanical assembly

 No Tunability
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K depends on the number of segments M

Halbach permanent magnet quadrupole

M 4 8 12 16 20 24

K 0.32 0.77 0.89 0.94 0.96 0.97

re

ri

PM segment

ri = 10 mm
re = 20 mm
Br = 1.25 T
G = 125 T/m 

K. Halbach, NIM 169, p. 1-10, (1980) 
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Fixed gradient PM quadrupoles

Gradient 500 T/m
Bore radius 3 mm

Tunability No

Gradient 115 T/m
Bore radius 7 mm

Tunability No

PPM Halbach PMQ

Hybrid Halbach PMQ

T. Eichner et al., PRST, 10, 082401 (2007) 

T. Mihara et al., SLAC – PUB – 10248, February 2004

J.K. Lim et al., PRST, 8, 072401 (2005) 
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Fixed gradient PM quadrupoles

 Dominated Iron quadrupole

 Good field homogeneity

 Moderate gradient field

 No Tunability

Gradient 80 T/m

Bore radius 12.5 mm

Tunability No

Field correction shim

r =  7 mm, 
(bn / b2 ) ⋅ 10 000

b3 = -1.3
b4 = 3 
b6 = − 8.4
b10 = −7

PM

Pole

P. N’gotta et al., PRAB, 19, 122401 (2016) 
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Variable gradient PM quadrupoles

 Hybrid or dominated iron devices
 High and variable gradient
 Different type of gradient tunability

 Displacement parts 
 Rotation parts 
 Additional coils

 Precision and reliability depends on motors and encoders
Magnetic center shift with gradient variation
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Variable gradient PM quadrupoles

 Dominated iron quadrupole
 Fixed poles and yoke, displacement of all PMs
 Moderate and variable gradient
 A motor for the displacement of each PM
 Magnetic center shift calibrated using PM position

Bore radius 6.5 mm

Max Gradient 115 T/m

Min Gradient 13 T/m

Magnetic center
shift

2.5 µm

PMs linear retraction

S. C. Gottschalk et al., PAC05, Knoxville, USA, 2005
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Variable gradient PM quadrupoles

 Dominated iron quadrupole
 Fixed poles and vertical displacement of PMs and yoke
 Moderate and variable gradient
 High Magnetic center shift
 One motor and gearboxes for the displacement of both parts

Bore radius 13.6 mm

Max Gradient 60 T/m

Min Gradient 15 T/m

Magnetic center
shift

100 µm

Displacement parts (PMs and yoke)

B.J.A. Shepherd et al., IPAC13, Shanghai, China, 2013
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Variable gradient PM quadrupoles

 Hybrid quadrupole
 Halbach rings, 1 fixed Hybrid ring and 4 rotated PPM rings
 High and variable gradient
 Magnetic center shift corrected by shimming outer rings

Bore 
radius

10 mm

Max 
Gradient

120 T/m

Min 
Gradient

17 T/m

Step 7 T/m

Magnetic 
center shift

20 µm

Contribution of each outer ring

Rotation outer ring

Y. Iwashita et al., EPAC06, Edinburgh, Scotland, 2006
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Variable gradient PM quadrupoles

inter

Min

Max

Bore 
radius

6 mm

Max 
Gradient

210 T/m

Min 
Gradient

110 T/m

Magnetic 
center shift

20 µm

 Hybrid compact quadrupole
 Fixed Hybrid ring and 4 rotated PM cylinders
 High and variable gradient
 Magnetic center shift corrected by translation stages
 Magnetic measurement with different methods
 7 quadrupoles with lengths from 26 mm to 100 mm

F. Marteau et al., APL, submitted (2017)

Rotation PMs

Gradient versus tuning magnets angle
with (Δ) TOSCA and (□) RADIA. (Line) sinus t.

J.T.Volk et al., PAC01, Chicago, USA, 2001
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Variable gradient PM quadrupoles

 Dominated iron quadrupole
 Combined fixed PMs and coils
 Ultra high and variable gradient
 Good field quality < 0.1 % in 1 mm GFR

 Less compact device with coils
 Power consumption

Bore radius 4.12 mm

Max Gradient > 500 T/m

Min Gradient 100 T/m

PMs and coils

M. Modena et al., IPAC12, New Orleans, USA, 2012
M. Modena, Workshop at CERN, Geneva, Switzerland, 2014
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 Rotation systems are more efficient and more compact
 Dominated iron with linear displacement have better field quality
 Magnetic center shift depends on the gradient variation systems

High gradient PM quadrupoles are still dedicated devices
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Emittance 1/ (N dipoles)3

Increase number of dipoles

The trend is towards Low Emittance Storage Rings
New facilities

MAX IV in Sweden – 330 pm.rad
Commissioning done

Sirius in Brazil – 250 pm.rad
Construction in progress

Upgrade facilities using the existing building

ESRF-EBS in France – 140 pm.rad
Commissioning expected in 2020

APS-U in USA – 70 pm.rad
Commissioning expected in 2023

SPring-8-II in Japan – 149 pm.rad
Upgrade studies on progress

ESRF today has DBA  6 GeV lattice 

ESRF-EBS will be  7BA  6 GeV lattice 
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PM Dipoles with Longitudinal Gradient

Red=DQ: Combined dipole quadrupole
Blue=LG: Dipole with longitudinal gradient
Black= Normal Dipole

Compact electromagnets at MAX IV
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 Compact devices 
 No power supply and no cooling systems
 Better reliability (no water and power supply failures)
 Less control systems, cables and noise
 Important reduction in operation cost

PM dipole have advantages over electromagnet one

Challenges for permanent magnet Dipoles

 Magnetic field design 
 Magnetic field tuning and shimming
 Temperature dependence
 Demagnetization risks
 Series production

ESRF Spring-8

410 k€ 720 k€

Estimation of electric power cost 
for dipoles in 2016
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 Compact devices 
 No power supply and no cooling systems
 Better reliability (no water and power supply failures)
 Less control systems, cables and noise
 Important reduction in operation cost

PM dipole have advantages over electromagnet one

Challenges for permanent magnet Dipoles

 Magnetic field design 
 Magnetic field tuning and shimming
 Temperature dependence
 Demagnetization risks
 Series production

There are almost no PM devices used as
standard magnets in accelerator lattices, the only
exception being the Fermilab recycler

G.W. Foster et al., EPAC98, Stockholm, Sweden, 1998

ESRF Spring-8

410 k€ 720 k€

Estimation of electric power cost 
for dipoles in 2016
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Dipole
Gap mm 25.5 – 30.5

Iron length mm 1788

Permanent magnet Sm2Co17

Iron Pure iron

Number of dipoles 128

DL1 DL2

Strength T 0.67 – 0.17 0.54 – 0.17

Vertical field vs. longitudinal position

Dipole constituted by 5 modules ESRF-EBS LG Dipole
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 Permanent magnet assembly

 Magnetic field strength and quality

 Longitudinal field integral fringe 

 Temperature compensation 

Two modules with 0.62 T and 0.41 T

Prototypes to confirm calculated performance and 
to define the series production process
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 Gs= 64 mm
 Gs= 20 mm
 Gs= 10 mm
 Gs= 6 mm
 Gs= 2 mm

 PM assembly needs special tools
 Field quality depends on pole parallelism
 Shimming required to reach targeted field
 Longitudinal gap to be defined for flat field

Tolerance: ΔB/B < 10-3 @13 mm

gs

Flat field at longitudinal gap gs = 5 mm
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 Dominated by PM material temperature coefficient 

 Compensated by passive Fe-Ni shunts

 The Fe-Ni shunts are ~ saturated
 The magnetization in Fe-Ni has large temperature dependence

1.0000

0.9999

0.9998

0.9997

0.9996

0.9995

Bi
nt

(t)
/B

in
t(2

3 
C

)

24.023.823.623.423.223.0
Temperature [C]

uncompensated Sm2C017
-3.4x10-4 /C

Sm2C017 with Fe-Ni compensation
-2.9x10-5 

/C

uncompensated NdFeB
-1.0x10-3 /C

Field integral measurements on PM DL modules
NdFeB PM, Sm2C017 PM 

dB/B/dT after compensation:< 40 ppm/C

ESRF Dipole module
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Dipole
Gap mm 25

Iron length mm 1750

Permanent magnet Sm2Co17

Iron Pure iron

Number of dipoles 176

LGB1 LGB2

Strength T 0.54 – 0.19 0.79 – 0.26

Dipole constituted of 3 modules

Spring-8-II LG Dipole
Courtesy of T. Watanabe

Vertical field vs. longitudinal position

The LGB designs are now being modified.
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B 
[T

]

Longitudinal axis [mm]

Field dips reduced

Nose structures

 Outer plates for B-field tuning
 "Nose structures" for smooth B-field transition between modules
 Temperature compensation

Courtesy of T. Watanabe

Prototype for SPring-8-II dipole magnets
(14 % B-field tuning by outer plates.)

Outer
plates 14%

Outer plate position

B 
[T

]
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Dipole
Gap mm 26 - 11

Iron length mm 828

Permanent magnet Nd2Fe14B

Iron Pure iron

Number of dipoles 20

BC

Strength T 3.2 – 0.58

SIRIUS BC Dipole

Courtesy of Lin Liu

Vertical field vs. longitudinal position
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Series production in progress

ESRF PM dipoles assembly area
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ESRF PM dipoles assembly area
 Development and test of PM assembly tools

 Easy to use tooling
 Management of PM forces
 Robustness for long term use

 Magnetic measurement and shimming

 Measurement and shimming of each 
model to reach targeted field

 Measurement and shimming of PM
dipole to reach final performances

 Fiducialisation of the dipole

 PM assembly and thermal compensation

 Assembly of PMs on each module
 Fe-Ni amount depends on module type
 Adjustment of the position of the poles

 Procurement of different parts

 6 tons of PM material (>15000 blocks) 
 660 Mechanical parts (poles and yokes)

PM Dipole ready for use

ESRF stretched wire magnetic bench

47 dipoles out of 128 
are assembled

PM assembly tool
Courtesy of F. Villar
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 Dedicated high gradient and compact PM quadrupoles have been developed 

 Lack of space
 Limitation of electromagnet quadrupole

 Energy saving could be an important criteria

 Quadrupoles for low heat to air facilities
 Accelerators with a large number of quadrupoles

 PM LG Dipoles development is in progress

 lattice PM multipole magnets R&D for Low emittance storage rings

 Dominated iron quadrupole with precise pole shape
 Improve the magnetic center shift with gradient tunability
 Limited tenability quadrupoles with low consumption air coils
 Sextupole and octupole magnets require large tunability
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 Resistive magnet close to limit  (quadrupoles)
 Complicated vacuum chamber technology with small magnet aperture
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In-air

In- vacuum

Vacuum chamber

magnet

Cryogenic cooling (LN2)
PrFeB magnets

 Resistive magnet close to limit  (quadrupoles)
 Complicated vacuum chamber technology with small magnet aperture
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~90 T/m
Vacuum Chamber

Magnet

150-200 T/m

Cryogenic cooling (LN2)
PrFeB Magnets

In-air In- vacuum

In-air

In- vacuum

Vacuum chamber

magnet

Cryogenic cooling (LN2)
PrFeB magnets

 Resistive magnet close to limit  (quadrupoles)
 Complicated vacuum chamber technology with small magnet aperture



MANY THANKS FOR YOUR ATTENTION

Page 40 4TH MAC MEETING – 22-23 September 2016 - NAME



<<
  /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


