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General Comments I

• Many new low and medium beta facilities are being built 
or are in development

• At low beta there is a need for increased transverse 
focusing and many designs are choosing high field SC 
solenoids within cryomodules to provide a more 
compact, cryogenically efficient, design

– Proposals include both single and multiple solenoids in a 
cryomodule

– Cavities are in close proximity to solenoids
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General Comments II

• The concern is that the solenoids will interact with the 
cavities either quenching the cavities or increasing the 
surface resistance through trapped flux due to:

– Magnetization of the environment and through Rf quenches  

• Cavity performance is improving as fabrication and 
processing techniques improve 

– Long cw linacs require high Q (low residual resistance) operation 
to reduce cryogenic costs

– Reducing the residual resistance from trapped flux will become 
increasingly important as cavity performances improve
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ISAC-II

FRIB 

ANL

IUAC

SARAF

LNL

IFMIF

B-ISOL

Project-X

HIE-I

Low Beta Hadron Linacs Existing or in 
Development using SC Solenoids

CADS

ReA3 
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Facilities, Projects and Proposals for Ions
Project Lab SC Sol RT quads Particle Structure

ISAC-II TRIUMF √ 9T bucking HI QWR

ALPI INFN-LNL √ HI QWR (sputter,bulk)

Upgrade ANL √ 9T bucking HI QWR

HI-Linac IUAC √ HI QWR

SARAF-I SOREQ √ P, d HWR

ReA3 MSU √ HI QWR

FRIB MSU √ HI QWR, HWR

IFMIF Various √ d HWR

Project-X FNAL √ H- HWR, spoke

C-ADS IHEP, IMP √ p HWR, spoke

B-ISOL CIAE/PKU √ P,d,HI QWR, HWR, spoke

HIE-REX CERN √ HI QWR (sputter)

SPIRAL-II GANIL √ P,d QWR

RISP Korea √ P,  HI QWR, HWR, Spoke
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Some existing examples

• TRIUMF ISAC-II Cryomodules –
one 9-Tesla solenoid per cryomodule

•ANL energy upgrade cryomodule
– one 9-Tesla solenoid per 
cryomodule

•IUAC heavy ion cryomodule – one 
6T SC solenoid per cryomodule
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Others with multiple solenoids

ANL

MSU SARAF

Facility Shielding Active
ISAC-II Phase I 
and II

1mm and 
1.5mm global

9T solenoid –
bucking coil

ATLAS upgrade 1mm global 9T solenoid –
bucking coil

SARAF 1 mm global 6T solenoid

IUAC 1 mm global 8T solenoid
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Residual magnetic field goals
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Motivation for low background field

• For large linacs (ie FRIB, Project-X, ADS…) cryogenic 
load is a cost driver

• It is becoming the norm that low beta cavities for long 
linacs are choosing to operate at 2K to reduce the 
medium field Q-slope

• At this temperature for low frequency cavities 
(f<400MHz) RBCS< 1nΩ and with new developments   
Rs< 5nΩ at the operating gradient

• This means that in order that Rm does not dominate the 
residual resistance values of Rm< 1nΩ can be 
considered – in this case B < 1µT for low beta cavities 
and B < 0.3µT for high beta cavities – these are 
challenging numbers – needs careful design
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Magnetic Issues I – external field 

•Passive or active shielding 
must be added to the 
cryomodule to reduce the 
background magnetic field 
during cavity cooldown

•Shielding can be global -
typically at the wall of the 
vacuum vessel
•Shielding can be local -
typically a cold service 
special mu-metal 
(CRYOPERM, A4K) placed 
locally around the cavity

Global shield

Local shield
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Magnetic Issues II – Internal field 

•Solenoid if strong enough can drive the 
cavity normal
•Solenoid can magnetically pollute the 
environment

•Components, including mu metal 
shield, that are in the environment that 
can be magnetized will be magnetized 
by the field from the solenoid

•Solenoid produces a field when at     
zero current through pinned flux

•problem if cavities warm above 
transition

•Solenoid can degrade cavity 
performance during quench through 
trapped flux in the quench heat zone
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Solenoid field at cavity wall

•Procedurally the solenoid is only turned on 
after the cavity is cold

•As long as the field at the cavity BSOL is 
much less than Hc1 (~160mT) then the 
outer wall of the cavity will act as a 
Meissner shield and stop the flux from 
penetrating to the rf side

•Solenoid can be designed with bucking 
coils or return yokes to reduce the fringe 
field at the cavity 

BSOLBRF

Cavity wall
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Reducing solenoid fringe field

Cancellation coils

Iron yoke

• the solenoid can be designed 
with active compensation and 
bucking coils usually in series 
with the main coil but cancelling 
the fringe field
• No remnant field but complicates 

solenoid design ($)

• The solenoid can also be 
outfitted with an iron yoke 
• Simplifies solenoid but risk of 

remnant field

• Another option is to add isolating 
shields

cavity

cavity
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Magnetic Pollution from Solenoid

Possible cures:
•Choose materials that are not easily magnetized

•316LN ss – although this can become 
susceptible to magnetization after welding or 
cold working
•Pay attention to hardware – bolts, nuts, 
especially near high H zones

•Isolate the cavity from the environment
•Add cold mu metal around the cavity
•Adds to expense and complication of assembly

•Isolate the solenoid from the environment
•Add an iron return core
•Add a shield around the magnet
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Minimalist approach

•Start unpolluted and use the 
solenoid to erase magnet memory 
by employing a degaussing cycle 
before every warm-up

•To combat frozen flux add a 
heater to the solenoid to allow 
heating above transition to quench 
the flux if required
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Q-drop from Quench 

•During a quench the stored energy in the 
cavity will be dissipated at the quench 
location and depending on the energy 
content, the wall thickness and the 
thermal conductivity the outer wall can be 
heated to produce a `normal’ hole in the 
superconducting wall
•The normal hole will soon cool but the 
flux will be trapped raising the surface 
resistance in the hot zone thus lowering 
the cavity Q
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March 2013 – Workshop at MSU
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Workshop General

• Two day workshop
• 11 external attendees from 

TRIUMF, CEA, FNAL, 
INFN-LNL, KEK, Amuneal, 
plus FRIB participants

• Topics include
• Degaussing studies
• Global vs local shielding
• Solenoid design issues
• Q degradation during 

quench
• Magnetic shielding materials
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General topics of discussion

• Degaussing

• Global vs local

• Solenoid design

• Q-degradation due to quench

• Shielding materials
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ISAC-II perspective

•In ISAC-II we chose a minimalist strategy –
choose non magnetic materials where 
possible – no shielding between cavity and 
solenoid – use procedures
•Must  do a degaussing of the solenoid 
before any planned warm-up to erase 
magnet memory
•During cryogenic events (1-2 per year) of 
more than a few hours if cavities warm 
above transition then the solenoid is 
degaussed and then heated above transition 
to release frozen flux

•30 min to degauss and 30 min to warm 
to 25K
•60 min to cool everything down

•Cavities are insensitive to quench 
degradation since they have a reactor grade 
jacket which acts as a Meissner shield
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Magnetic Pollution – ISAC-II

• Mapped the internal magnetic field 
with a fluxgate magnetometer 

1. Measured baseline remnant field 

2. Measure remnant field after powering 
solenoid with no degauss

3. Measure remnant field after powering 
solenoid and after degauss

Hysteresis cycle required to reduce 
memory of solenoid
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ANL - Test with SC Cavity in Cryostat

field probe

Solenoid was operated up to 6 T then
Degaussed – residual magnetic fields at the cavity 
flange are successfully reduced .

QWR

solenoid
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FRIB experience

•TDCM was constructed to study (among other things) the 
interaction of the solenoid with the cavities and environment
•Initial tests showed too high background field resulting in reduced 
Q in installed cavities
•Prompted further investigation
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FRIB Degaussing Studies
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THP046

• Current of TDCM solenoid main coil during 
degaussing cycle. Current ramped in bipolar 
fashion, at ±I,  ±0.8I, ±0.64I, etc.

• Degaussing cycle including using the steering 
coils and a thermal cycle, appears to effectively 
eliminate the effects of solenoid/steering 
operation. 



General topics of discussion

• Degaussing

• Global vs local

• Solenoid design

• Q-degradation due to quench

• Shielding materials
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Global vs Local FRIB
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 Global vs local for FRIB
• FRIB spec.  Hres < 1.5 µT

• Simulations performed to estimate 
remnant field for global and local options

• Global scheme would require 3mm single 
layer while cold local shield would require 
only 1mm single layer

• Further consideration
• Global shield can not help mitigate fringe 

field effects from solenoid

Global shielding

Local shielding

FRIB’s conclusion: Local shielding can be cheaper, easier to handle/assemble, 
and relaxes requirements on screening magnetizable components before 
assembly.
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FNAL Test Cryostat and SSR1 325MHz 
Cryomodule

• Test cryostat - Diameter 1.2m -
1.5mm thick mu metal used 

• Field measured at < 1µT 
everywhere – suppression >70

• SSR1 CM - Specification –
ambient field at cavity < 1µT

• Choose single 1.5mm global 
shield 
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CEA Experience

• Involved in several 
projects

• IFMIF – a single layer of 
warm mu-metal of 1mm

• Spiral-II – CM1 - 1 single 
layer of warm 1mm sheet 
has been measured to give 
an attenuation of >50

• ESS 1.5mm cold mu metal 
to save material costs

• XFEL – 1mm cold 
`CRYOPHY’ shield XFEL shield

ESS shield

SPIRAL-II

IFMIF
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CEA - XFEL

• Measured attenuation of 50µT 
residual field inside steel CM 
vessel with and without cold mu-
metal

• B is reduced by 5 by vessel alone
• B is reduced by 25 by 

shield alone
• Total attenuation >100
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• For ARIEL the magnetic field suppression 
was tested with an active background 
provided by a Helmholtz coil

• Two layers of mu metal – a 1 mm global 
shield and a 1 mm local shield were used

• The global shield saturated as the 
background field increased above ambient

• Suppression factors of 10 were achieved by 
the global shield, while the local shield 
provided suppression factors of 50-100
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TRIUMF – Varying the background
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• For ARIEL the magnetic field suppression 
was tested with an active background 
provided by a Helmholtz coil

• Two layers of mu metal – a 1 mm global 
shield and a 1 mm local shield were used

• The global shield saturated as the 
background field increased above ambient

• Suppression factors of 10 were achieved by 
the global shield, while the local shield 
provided suppression factors of 50-100
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TRIUMF – Varying the background
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General topics of discussion

• Degaussing

• Global vs local

• Solenoid design

• Q-degradation due to quench

• Shielding materials
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ISAC-II Bucking coils
 Focussing in the SC Linac is 

provided by superconducting 
solenoids (B≤9T)

 End fringe fields controlled with 
active `bucking’ coils 
(Bcavity≤30mT)
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CEA experience – IFMIF solenoids

• IFMIF prototype cryomodule has 
8 HWR and 8 solenoids

• Solenoid includes BPM, steerers
• Specification for fringe field 

<20mT at the cavity
• Iron shield abandoned due to 

concerns about remnant field 
during cooldown

• Compensating (external 
solenoid) coil chosen (in 
series with main coil) 
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FRIB - solenoids

Cancellation coils

Iron yoke

No compensation• FRIB has modeled solenoid and 
cavity geometry assuming a 
local shield around cavity

• Specification is to keep the field 
at the shield < 65 mT to avoid 
saturation

• Three cases
• No compensation B~100mT
• Active compensation B < 8mT
• Passive compensation (iron yoke) 

B < 15mT
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Frozen Flux

Mapping data for ISAC-II Solenoid

 Solenoid is brought to 9 T and

a) Ramped to zero with no cycle at 
4K

b) Taken to zero through hysteresis 
cycle at 4K

c) Ramped to zero and warmed to 
20K

Frozen flux in solenoid produces a 
large (20G) field in cavity region 
when no hysteresis cycle is used. 
Cycling the magnet does reduce the 
field at the cavity but only warming 
the solenoid can eliminate the field.
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General topics of discussion

• Degaussing

• Global vs local

• Solenoid design

• Q-degradation due to quench

• Shielding materials
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Study at FNAL on Quenches with 
solenoid background field

Modeling Quench Propagation in Superconducting Cavity Using COMSOL 
– FNAL Note TD-11-019
I. Terechkine

Superconducting Cavity Quenching in the Presence of Magnetic Field –
FNAL Note TD-11-020
T. Khabiboulline, J. Ozelis, D. Sergatskov, I. Terechkine

SSR1 CAVITY QUENCHING IN THE PRESENCE OF MAGNETIC FIELD –
FNAL Note TD-12-007
T. Khabiboulline, D. Sergatskov, I. Terechkine

•This was studied in three separate cavity tests at FNAL –
two with an elliptical cavity (1.3GHz and 650MHz) and one 
with a spoke cavity –

*thanks to Yuri Terechkine for pointing out these notes
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FNAL study

•Study 1: A 1.3GHz cavity with a known 
quench location was installed in the VTA 
with a solenoid installed in the bath near 
the quench location – the cavity was 
quenched at various solenoid field 
strengths and the cavity Q was 
measured
•Study 2: A 325MHz spoke cavity was 
placed near a solenoid and resistive 
heaters were placed at various locations 
to initiate quenches with a pulse of heat 
from the bath side – the Q of the cavity 
was measured as a function of the 
solenoid field and the position of the 
quench
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FNAL study conclusions

•A model was developed linking the 
reduction in Q and the fringe field 
from the magnet based on an 
estimation of the size of the `normal 
opening’ during the quench

•A procedure for `annealing’ the 
quench zone trapped flux was 
developed by repeated quenching 
of the zone in the presence of no 
field – the `normal opening’ was 
created several times to release the 
trapped flux

anneal
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FNAL conclusions

•A model is developed that can fit 
the results and can be extended to 
other geometries

•A quench can trap fringe field flux 
and reduce the Q – the negative 
effects can be reduced by repeated 
quenching in zero-field

•Using the trapped flux criterion 
FNAL decided not to use iron yoke 
in the solenoid

25/09/2013 SRF2013 - Bob Laxdal - TRIUMF 43



FRIB – Quench studies with solenoid
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General topics of discussion

• Degaussing

• Global vs local

• Solenoid design

• Q-degradation due to quench

• Shielding materials
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CEA – KEK Collaboration

• Collaboration to study magnetic 
materials – book curves are not 
necessarily indicative of real 
performance

• Cold temperature materials typically 
used are CRYOPERM ad CRYOPHI
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FRIB – magnetic materials investigation
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• Material investigations at room and 
cryogenic temperature are on-going  
characterization of shielding effectiveness, 
magnetization, and de-Gaussing of m-
metal, A4K, Cryoperm

– Test realistic shield designs – saturation, 
attenuation

– Measure B-H curves and permeability as function 
of temperature, frequency, background field

THP046

Sample B-H curve



Mu-metal performance and handling

• Actual permeability and 
temperature performance 
very sensitive to the heat 
treatment and the cooling 
rate - Lessons learned: Do 
not assume that you 
always get the catalog 
performance.

• Mu metal performance also 
sensitive to handling – be 
careful  25/09/2013 SRF2013 - Bob Laxdal - TRIUMF 48



Conclusion

•Many new projects in progress or proposed will use 
superconducting solenoids in cryomodules

•Due to the interaction of residual and fringe fields with 
cavity performance it is important to pay attention during 
design and development – and to imagine mitigation 
strategies of potentially reduced Q during operation

•As cavity performances continue to improve reducing 
magnetic pollution will become increasingly more 
challenging

•Many common issues – people making or planning test 
facilities 
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Thanks, Merci

25/09/2013 SRF2013 - Bob Laxdal - TRIUMF 50

Acknowledgments:
• Kenji Saito (MSU) and 

workshop participants
• Joe Ozelis – MSU
• Mike Kelly, Sanghoon Kim –

ANL
• Dan Berkovits – SARAF
• Prakash Potukuchi - IUAC



<<
  /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


