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Abstract—In the framework of the design studies of a Muon
Collider (MuC), the design of Ultra-High-Field (UHF) magnets is
a crucial part, particularly for the MuC’s final cooling stage. To
address this, CERN has recently introduced a conceptual design
for a 40 T solenoid characterized by very compact pancake coils.
Due to the high magnetic field and operating current density (ap-
proximately 600 A/mm2), the Lorentz forces acting on the winding
are extremely large. Consequently, the mechanical design, along
with quench protection, represents a significant challenge in the
development of this magnet. An additional mechanical complexity
is constituted by the strong anisotropy and low strength of ReBCO
tapes. This article focuses on the proposed mechanical design of
the 40 T solenoid. The primary objective of this design is to keep
the stresses induced in the coils by Lorentz forces below materials
admissible limits. Initially, the paper presents a conceptual design
based on analytical calculations relying on the application of a
radial pre-compression (approximately 200 MPa) to the pancake
coils by shrink-fitting, prior to energization. Subsequently, a finite
element analysis is performed, introducing various nonlinearities
(material, geometric, plasticity) to optimize the magnet’s design.
The study also investigates a hybrid solution, in which the initial
coil loading is obtained by a combination of shrink fitting and
mechanical compression by a clamped conical connection based on
shrink discs. The highly anisotropic mechanical properties of the
tape, which are not extensively documented in current literature,
were investigated by a series of dedicated tests relying on specially
designed tooling. This design and experimental testing comple-
ment the simulation efforts by allowing to derive and implement
in the models more accurate material properties. In conclusion,
the proposed magnet design exemplifies a synergistic integra-
tion of experimental work and simulation efforts, advancing the
development of UHF magnets for the Muon Collider.

Index Terms—Muon-collider, ReBCO, solenoid, ultra-high-
field.

I. INTRODUCTION

THE Muon Collider (MuC) is being considered as one of the
potential successors to the Large Hadron Collider (LHC)

at CERN. The muons, which have a mass 207 times greater than
the electrons, experience significantly lower synchrotron radi-
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ation losses, making them well-suited for high-energy circular
accelerator. Protons, while possessing even greater mass, are
not elementary particles. Their internal structure complicates the
interpretation of collision results. However, muons are unstable
particles with a very short lifetime (2.2 s at rest), presenting
unique challenges for beam cooling and acceleration [1].

A key component of the MuC is the final cooling channel,
which aims to reduce the transverse emittance of the muons to
improve beam quality [2]. The final cooling channel consists of
multiple cells, each featuring one ultra-high-field solenoid that
focuses the muon beam, alongside liquid hydrogen absorbers
and RF cavities for energy-phase rotation. These solenoids are
critical for minimizing both transverse and longitudinal emit-
tance, allowing the beam to be efficiently accelerated. Achieving
the required cooling in this stage demands solenoids capable of
generating magnetic fields above 40 T with requirements for
field homogeneity and mechanical stability.

Currently, two main approaches are used to create ultra-
high field solenoids [3]. The first involves hybrid magnets,
combining superconducting Nb3Sn coils with resistive inserts
to generate fields above 40 T, but this requires high power
consumption (usually over 20 MW). The second approach uses
fully superconducting magnets made from Nb-Ti, Nb3Sn, and
high-temperature superconductors (HTS) like ReBCO, which
reduce mechanical stress by distributing the ampere-turns across
thick nested coils powered independently. However, this method
increases tape consumption, leading to higher costs, larger
sizes, and construction challenges, limiting its application in
particle accelerators. In contrast to these techniques, our design
proposes a modular, non-insulated (NI) ReBCO HTS solenoid
operated at high current density aimed at overcoming these
challenges and optimizing the final cooling process for the
MuC.

In this paper, we examine one of the most critical aspects of
this design: the management of mechanical stresses. The high
magnetic fields required for the final cooling solenoids impose
significant mechanical stress on the conductor.

The remainder of the paper is structured as follows: first,
the conceptual design of the magnet is reviewed. Next, the
mechanical design is addressed analytically, using simplified
formulas to estimate dimensions. A finite element model (FEM)
is then introduced to account for nonlinearities and provide a
more complete analysis. Finally, considerations related to the
component’s manufacturing are discussed.
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Fig. 1. Magnet assembly (left) and radial building of a pancake (right).

II. CONCEPTUAL DESIGN

The compact full HTS design operated at high current density
(500 A/mm2) is based on the goal of minimizing conductor usage
and reducing system complexity while optimizing space effi-
ciency and lowering overall footprint. However, this approach
results in a design where managing mechanical stress induced
by Lorentz forces becomes a central focus. When operating at
high magnetic fields, it is crucial to account for the magnetic
pressure PM developed in the coil [3], which can be calculated
as shown in (1).

PM =
B2

2 · μ0
(1)

Where μ0 is the magnetic permeability of the free space and
B is the magnetic flux density.

At 40 T, the PM reaches 640 MPa. For a compact coil,
the maximum hoop stress is approximately 1.4–2.2 times PM

[3], thus we would obtain a hoop stress of 1300MPa at the
coil’s inner radius. Assuming the limit of applied hoop strain
to prevent critical current degradation is between 0.4–0.5% [4],
the maximum acceptable hoop stress would range between 600
and 950 MPa. This range results from the varying values of
critical strain reported in the literature and the copper thickness
in the tape, which affects the coil’s stiffness and, consequently,
its response to the applied force. To limit tensile hoop stresses
in operation within this range, the coil must be pre-compressed.

The conceptual design of the superconducting magnet is based
on several key aspects:

Superconductor: The design employs 12 mm-wide ReBCO
tape as superconductor, given its excellent performance in
high magnetic fields and at low operating temperatures (4.2
K) [5].
Pancake Coil: Adjacent turns are soldered. The inner turn
is soldered to its Internal Joint Ring, and the outer turn
is soldered to its External Joint Ring. The Inner Radius
(ri,coil) of the coil winding is 30 mm and its Outer Radius
(re,coil) is 90 mm.
Geometrical Layout: The magnet design consists of a series
of identical modular pancake coils and correction coils, as
shown in Fig.1. Each pancake is surrounded by a support
cup, which consists of a 12 mm high disk and a 1.5 mm thick
radial plate that alternates between adjacent pancakes. A
pre-compression disk is the final component of the magnet
radial building [6].

In this paper, we describe the mechanical aspects which
led to this configuration. Electromagnetic design is presented
elsewhere [6].

III. MECHANICAL DESIGN

The initial sizing of the mechanical pre-compression sys-
tem was performed analytically through the theory of plane
axisymmetric problems. The basic concept involves applying
pre-compression through thermally induced shrink fitting. The
pre-compression must generate a compressive hoop stress of
approximately 500 MPa at the inner radius ri,coil of the coil to
ensure that the stress remains below the 800 MPa limit when PM

induces a stress of 1300 MPa. If we consider a thick cylinder
representing the coil submitted to external pressure pe, the hoop
stress can be calculated with (2) [7].

σθ (r) = −
pe · r2e,coil

(
1 +

r2i,coil
r2

)
r2e,coil − r2i,coil

(2)

Thus, to achieve the required pre-compression with the given
coil dimensions, an external pressure exceeding 220 MPa is
necessary, regardless of the coil’s elastic modulus. Such pre-
compression can be obtained by the shrink-fitting effect of an
outer thick shell. The idea involves heating a shell with inner
radius ri,shell lower than the re,coil and assembling it around
the coil. Upon cooling, the contraction of the shell exerts an
external radial pressure, which would help achieve the desired
pre-compression by interference . The relation between the and
pe can also be calculated analytically according to (3) [7].

δ =

[
1

Eshell

(
1 + β2

shell

1− β2
shell

+ νshell

)

+
1

Ecoil

(
1 + β2

coil

1− β2
coil

+ νcoil

)]
· re,coil · pe (3)

where Eshell and Ecoil are the Young’s moduli, shell and coil are
the Poisson’s ratio, and is the ratio of re to ri of the shell and
coil. For the shell, a generic steel with Eshell 210 GPa and shell

0.29 is considered. For the coil, by applying the rule of mixtures,
we obtain Ecoil 180 GPa and coil 0.30.

The required pressure PM 220MPa is achieved with an inter-
ference of approximately 250 m. If we neglect the differential
thermal contraction between coil and shell down to 4.2K, this
interference is solely due to the thermal contraction of the shell
as it cools to room temperature, which can be estimated using
(4).

δ = α ·ΔT · ri,shell (4)

To achieve the necessary contraction, a temperature difference
ΔT of 170 °C is required. With the same formula, we can also
calculate the coil and shell thermal contraction down to 4.2K.
In this case, we should consider an equivalent contraction of the
coil based on its composition.

This preliminary calculation serves to verify whether the pro-
posed concept is feasible and ensures that the required tempera-
tures do not exceed the maximum allowable for the ReBCO tape.
It is also important because it gives an initial estimate of the outer
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Fig. 2. Geometrical model of a single pancake. The inner, outer layer and the
coil are model with 30 m of copper and 50 m of Hastelloy.

shell dimensions. In these calculations, we assumed a re,shell of
250 mm, as a smaller shell would be less rigid and would require
higher temperatures to achieve the same compression. Using this
approach, and exploiting the same formula shown in (3), we can
also estimate how much the precompression may be affected
by tolerances, which were not considered in this calculation.
Specifically, we lose approximately 1 MPa in contact pressure
per m of interference deviation.

IV. 2D FINITE ELEMENT ANALYSIS

For a complete assessment of the magnet’s mechanical behav-
ior, a FEM is required to address various non-linearities, includ-
ing material properties and frictional contacts. Additionally, it is
essential to account for the contributions of the inner and external
joint rings. Initially, the analysis focuses on a single pancake to
simplify the evaluation and gain insight into the critical aspects
of stress distribution and deformation.

A. Geometry

The initial analysis is conducted using a 2D axially symmetric
model in ANSYS workbench. The internal and external joint,
which are required for the electrical connection between the
pancakes, are made from the same materials as the tape (copper
and Hastelloy) without the ReBCO layer. This design choice
was taken after several optimizations aimed at minimizing the
stresses resulting from differential thermal contraction during
the magnet cool-down.

The results presented were obtained using an internal joint
thickness ranging from 0.5 to 1 mm, while the outer extended
up to 6 mm. The tape is represented as consisting of 30m of
copper and 50m of Hastelloy, wound into a multi-turn structure
to form the coil, as shown in Fig.2.

B. Material Models

The copper and Hastelloy elastic properties are considered
at room temperature (RT) and at 77K [4]. For the shell, we
initially considered the Stainless Steel 304 [8]. The values are
summarized in TableI. The secant coefficient of thermal expan-
sion (CTE) is shown in Fig.3 [9], [10]. Hastelloy is approximated
with Inconel 718. For Hastelloy an isotropic elastic model is
used, while for copper a multilinear isotropic hardening rule
was assumed [4]. The resulting true stress-plastic strain curves
are plotted in Fig.4.

TABLE I
MATERIAL ELASTIC PROPERTIES

Fig. 3. Material secant CTE.

Fig. 4. Copper plastic model.

C. Boundary Conditions and Loads

The analysis is divided into three steps:
Step 1: External shell cooling from 200°C down to room
temperature.
Step 2: System cooling down to -10K.
Step 3: Magnet energization.

The magnetic forces F (r) = B(r) · J are calculated with
the following simplification:

Constant current density J = Bmax

μ0(re,coil−ri,coil)
.

Linear field B (r) = μ0 · J · (r − ri,coil).
The magnetic field B is assumed to be parallel to the solenoid’s

axis.
The resulting peak force density is 23Nmm-3.
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Fig. 5. 3D of the pancake with the support cup.

Fig. 6. Radial stress (blue) and hoop strain (red) in step 1. The radial position
is measured from the coil inner radius. Thus, the origin corresponds to a distance
from the coil axis of 30mm.

Frictionless support is applied on the first two layers of the
internal joint to consider the supporting system.

V. FABRICATION ASSEMBLY ANALYSIS

Once the 2D model and the design of the electrical joints
are validated, the effects of other components are introduced.
First, the 1.5 mm plate that separates axially the individual
pancakes needs to be included. This plate, that intercepts the
axial forces coming from the magnet head [6], is attached to
the first compression disk. In this study, an outer radius of
approximately 110 mm is used for the first compression disk,
while the remaining compression is applied via an external disk
with a diameter of 250 mm. However, it is important to note
that this optimization is still in progress and has not yet been
finalized. This model is analyzed in 3D to explore different disk
configurations, as shown in Fig. 5.

VI. RESULTS AND DISCUSSION

Using the 2D FEM analysis, we can evaluate the stress and
strain in all elements. In the first step, we confirm that the
analytical results hold true, and the required pre-compression
of 200MPa is achieved on the external layer of the coil, as
shown in Fig.6. However, during the cooldown, some of this
pre-compression is lost due to differential thermal contraction,
which is slightly higher for the coil because of its Cu content,
as visible in Fig.7. It is also important to assess shear stresses,
as they could severely affect tape functionality [6]. The peak
of 5MPa is localized in the vicinity of the external joint, but it
remains below the limit of 10MPa [6].

Fig. 7. Radial stress and hoop strain in step 2.

Fig. 8. Elastic εθ in copper and hastelloy.

Fig. 9. Radial stress and hoop strain in step 3.

In the third stage, we examine the hoop strain εθ. In a multi-
layer system composed of different materials, such as copper,
Hastelloy, and ReBCO, the total strain (both elastic and thermal)
must remain continuous across all layers to maintain mechanical
compatibility. However, the elastic strain distribution, which is
key to assessing the performance of the ReBCO layerparticularly
in terms of current degradationvaries between the materials due
to differences in their thermo-mechanical properties, as illus-
trated in Fig.8. To estimate the elastic strain in the ReBCO, we
look at the Hastelloy, as it has properties (modulus of elasticity
and thermal expansion) closer to ReBCO compared to copper.

With this configuration, a tensile radial stress of 10MPa is
reached at the inner radius of the coil, as shown in Fig.9.

This effect can however be reduced by decreasing the thick-
ness of the inner ring or by increasing the pre-heating temper-
ature. This comparative study is shown in TableII, where the
minimum is located at the outer radius, while the maximum at
the inner radius.
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TABLE II
STRESS AND STRAIN FOR DIFFERENT CONFIGURATION

Fig. 10. Radial stress with the cup.

Fig. 11. Radial stress with the grooved cup.

It is important to note that these results are valid for the afore-
mentioned material model. If we consider an elastic model also
for copper, the hoop strain decreases to 0.25%.

From this analysis, the Von Mises stress on the external
shell can also be obtained. On average, the stresses are around
200MPa, with peaks exceeding 500 MPa at the inner radius, thus
necessitating the use of high-strength steel.

When the top plate is introduced, we immediately observe
that during the shrink-fitting process, the protruding edge of
the support cup induces an asymmetrical compression on the
coil, resulting in flexure. This results in significant pressure
non-uniformity, increasing the risk of exceeding critical stress
levels once the magnet is energized, as shown in Fig.10. This

phenomenon is related to the stiffness of the disk. For this reason,
an alternative version was tested. In this case, several radial
grooves were added to reduce the circumferential stiffness of
the disk, as shown in Fig.11. The grooves help distribute the
forces more uniformly, mitigating the flexure observed in the
original design.

VII. CONCLUSION

The preliminary design and analysis of the 40 T ReBCO
non-insulated solenoid for the Muon Collider demonstrate the
mechanical feasibility of the thermal shrink fitting concept for
pre-compression. The results indicate that a pre-compression
of approximately 202 MPa can be achieved, ensuring that the
hoop stresses in the coil remain within safe limits during mag-
net operation. The introduction of grooves in the compression
disk effectively mitigates the issue of asymmetric loading and
flexure, improving the uniformity of pressure distribution. These
modifications are crucial for maintaining mechanical integrity
under high magnetic fields.

This study highlights several areas that require further in-
vestigation, including material characterization, optimization of
the shell stiffness, and reduction of manufacturing tolerances.
Overall, the proposed design presents a promising solution for
high-field solenoids in the final cooling stage of the Muon
Collider, though additional refinements and testing are necessary
to fully optimize the system.

ACKNOWLEDGEMENT

Views and opinions expressed are however those of the au-
thor(s) only and do not necessarily reflect those of the EU or
European Research Executive Agency (REA). Neither the EU
nor the REA can be held responsible for them.

REFERENCES

[1] C. Aim et al., “Muon collider physics summary,” 2022,
arXiv:2203.07256v2.

[2] D. Neuffer et al., “Final cooling for a high-energy high-luminosity lepton
collider,” J. Instrum., vol. 12, 2017, Art.no. T07003.

[3] B. Bordini et al., “Conceptual design of a ReBCO non/metal-insulated
ultra-high field solenoid for the Muon Collider,” IEEE Trans. Appl. Super-
cond., vol. 34, no. 3, May 2024, Art.no. 4301310.

[4] K. Ilin et al., “Experiments and FE modeling of stress–strain state in
ReBCO tape under tensile, torsional, and transverse load,” Supercond.
Sci. Technol., vol. 28, no. 5, 2015, Art.no. 055006.

[5] S. Fujita et al., “Flux-pinning properties of BaHfO3-doped
EuBCO-coated conductors fabricated by hot-wall PLD,” IEEE
Trans. Appl. Supercond., vol. 29, no. 5, Aug. 2019, Art.no. 8001505,
doi:10.1109/TASC.2019.2896535.

[6] B. Bordini et al., “Development of a ReBCO non/metal-insulated 40 T
solenoid for the Muon Collider,” in Proc. Appl. Supercond. Conf., 2024.

[7] G. Petrucci, “Lezioni Di Costruzione di Macchine,” Universita degli studi
di Palermo, Didactic material.

[8] National Institute of Standards and Technology (NIST), “Stain-
less steel properties,” (n.d.). [Online]. Available: https://trc.nist.gov/
cryogenics/materials/304Stainless/304Stainless_rev.htm

[9] P. E. Bradley, “Properties of selected materials at cryogenic temperatures,”
2013. [Online]. Available: https://tsapps.nist.gov/publication/get_pdf.
cfm?pub_id=913059

[10] “Stainless steel properties at high temperature,” (n.d.). [Online]. Available:
https://swisssteel-group.com/content-media/documents/Data-Sheets/Stain
less-Steel/1.4306_en.pdf

https://dx.doi.org/10.1109/TASC.2019.2896535
https://trc.nist.gov/penalty -@M cryogenics/materials/304Stainless/304Stainless_rev.htm
https://trc.nist.gov/penalty -@M cryogenics/materials/304Stainless/304Stainless_rev.htm
https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=913059
https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=913059
https://swisssteel-group.com/content-media/documents/Data-Sheets/Stainpenalty -@M less-Steel/1.4306_en.pdf
https://swisssteel-group.com/content-media/documents/Data-Sheets/Stainpenalty -@M less-Steel/1.4306_en.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


